WD 2007/ 081883PCT/ US2007/ 000411 THREE- DI MENSI ONAL
FORCE | NPUT CONTROL DEVI CE AND FABRI CATI ON BACKGROUND
[00011Fi el d of the Invention [00021The present

wo D¥eskdan relates -generally to sem conduct orCTes2hge99411
Mcro Electro Mechani cal Systens (MEMS), sensors and
more specifically to three dinensional (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. [0003]Background

[0004] 3D force sensors b ' = [BC -
shiREELDMENSIRAL NI COR M PEvm ano
exi bl e di aphragm ar. r art shown in
" Fig.1l, uses g segsor @P{ﬁmﬁgﬁa rigid frame 12

and rigid central part 16 of a die, boss, connected
with the frane by a thinner diaphragm 14. An
externally applied force is transferred to the rigid
island 16, the deflection of the island creates
def ormati on and stress in the elastic diaphragm
el enent 14, reaching the |locations of the stress
sensitive | C conponents 18, 20, 22. Because the rigid
island 16 is | ocated BACKGRAOENDI ckness di nension
of a die 10 and the width of .a circular diaphragmis
small and in the sub-mllineter range, it is very
hard to apply external forces in lateral X and Y
directions . to the.tigid island 16 to provi de good
[0001] o5 porfdgld of Hig IRYHEQ t hei r use is constrained from

[O(IGZTany CTolgleS;rgsee;lt i%%\érlltfogsre a?e% éeﬁérgllij}c #C&Riiconductor devices, Micro Electro

Mechanical Systerns (MEMS), sensors and more specifically to three dimensional (3I2)

three-axis force sensors integrated with signal processing electronic circuits on one
substrate. In particular, it relates to three-axis finger force sensors, ﬁnger—mouse and

micro-joysticks for consumer and other applications.
[0 0ﬂ3] Background

[0004] 3D force sensors based on micro-machined silicon chips with stress sensitive
components on flexible diaphragm are known. Prior art shown in Fip.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 istand 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
and the width of a circular diaphragm is small and in the sub-millimeter range, it is very
hard to apply external forces in lateral X and Y directions to the rigid island 16 to provide

good response, and hence their use is constrained from many comsumer devices and

interfaces.



WO 2007/ 081883PCT/ 1JS2007/ 000411 [0005]In order to

- resolve this deficiehey a rigid force-transferring

- elenment 31 is added to the structure of the die 10

wm%@@mkﬁk§nd 16. This rigid force-transferri METEISEMamttsl!

I's firmy coupled to the rigid island 16 of a

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

island of the sensor die and thep to the e ' .
{0005)e! enein orderfogesekyer this dletigiency ﬁﬁ'&ﬂéﬁ)ﬂ'&e-ﬁ %a_%&hé:nt 31 is added to

ol he di %@9‘6?%{‘&1%31(9511& tb?a%& 16 nsis ofgics @dyrue-uamemng eleiment 31 is
iR additronal wafer for the ri

ff@m@ecdmpmdstbethc rigiyl islaaddatred a seasnrtdicy ﬁ%ﬁhrou@-\ mtermediate layer 33.
m@}f;s;e(g{{%gl q?é{‘}% Blgl? <504 H&i %o@@ﬁl@'@@ftﬁﬂ@ {MBkRES enh@nces sensor

cess separatlng dice fromthe
Hgili@tilvyfctar ﬂmeanaidpceﬂmgwl flipatioan tThese components of
[ 000

What d .
&g@g ?ﬁmstrqi@fgfrpé R gﬁldal%lan(ﬁ%fﬁﬁ gegltrs (3 r&gg é‘g&% FJ@E 28 Ud&nent and

S eCoahos@ry i Ntegration with the higher density
f‘:gsgtlircw torﬁgj on silicon substrate. [0008] SUWMMARY

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

additionat wafer for the rigid force-transferring elements, addltional micro-machining,
alighing and ‘bbnding 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 casy integration with the higher density IC circuitry on silicon

subsirate.

[0008]



One enbodi nent of the present invention is a

t hr ee-di nensi onal force input control device for
sensing vector forces and converting theminto

el ectronic signals for processing in a electronic
signal processing systemwth all conponents within a
sensor die fabricated fromthe single sem conductor
substrate. The typical device conprises a sensor die
fornmed within sem conductor substrate, an elastic

el ement within said sem con8UMMARIbstrate, a frane
formed around said elastic el enent and coupled with

at | east part of the periphery of said el asti .

el emﬂ%hqﬁlwct ot Hrens _eguﬁg?qiéf@ a Breq-4pepSipps] daroe input control
dBRED R} GRhsifd RIRr SRSt he by GRAPANERT Sitd Aeak@did Rignals for

the elastic elenent for providing electrical output
peicgssaigsinpr elpairdniopighal tpwotehgngreydhemivathl alk corepments wilthen a sensor

| ocat.ion, of the LLC.conponents, at .|ea one. rigid .
GRS Shmh (e mie SRRORR e BbaeE et iy comprises a
sdisbh did &oRh&S ithie! RIBIndudtht Subdt@itced 4rSleRBee td@nsd ©wahin said

an external vector force to the elastic el enent and
serhicoudytetar lsabst@tes @ iysorvelormedvitionnd prid vlagéc dementrangagoupled with at

out pu i,gnal. . this rigid.island. has .hej ght, bi r
AL pE R ol AR R T Rl B st e
nicbeartdad Sirk® RhEHRNC cBinpbeasd 1eaRd SPhdgdasteelemtnt for providing

coupling the force-transferring element with an
elesirisplnatpytor gl apepartiopglaior the meecbpmaedl rsgwtscingthe desagion of the 1€
c ' 1S f e [ :
oL 50BNy 2 Bl A BEYTRSEABACEL couicd it
theaelastiar yelémierd e giig Righiniklandt @arsfdrs lan eotabeal steotot efatcezte the elastic

di fferent aspects. and advantages. 009] Seyeral . L
chrmeRod WrooRBhG KabTaporaHs SR Py ei PRgut genal, this rigid
iﬁ@?ﬁ%ﬁ%@{)& t B2 oleP BraR RS Bl krle 6 6 hE HhmeWhinds ShitMRES BF the elastic

rising the steps of providing a
elsmrnt ah derst one sphisg rebdnecrh aouplgng (i fecomastondng ckingint with an

two;, f.abricati stress-sensi.tive. | C conponents and
X BB LR e U B HE ToF PRRES DSy geels from the
mieainiGakitRy s&lARRICIchRPERGSs.on side two of the
substrate, the trenches form ng boundaries defining
el agfy Qaﬁkﬂg‘égﬂ S fihars ; laﬁH%tépial%%r([ér% gea'li,%!: ﬁﬁ?ecl‘ent aspects
trenches for |emgépara Ion, and renoving additiona
asldsbhntages. material fromside two of the substrate in
the frame area | eaving the dinension of the rigid
[0009] i S| Sackrglr kthodé g fabHoseon dre @isckise® atsvadiapdol anlgeliments of the
than the remainjng thickness dinmension of the frane

PREFeR sIVRRHIGN| BAeds DpIcad| METIOE BRI thea¥ipy theroviding a

sdmli@bfliub®t @ﬁ‘&g@f&tfa@ﬁi fﬁgbﬂ\@ﬁﬁh £Eﬂ@t&vg?faﬁﬂpﬁ{ng%%sst%sitive IC
coupling wt externa orce transferring el enents

ccompdnents randedignah precckengdC oresidarineadf thorsoesraiay fabrycating closed

~and all djrections. Renoval of part. of. the substrate. .
G G G ¢ rsubrEo b Saniie fodes Byuabrie depane clustio
cl6hes NFame element\GH8 ribid kliRis2ReRKBO A BB spar@tion, and removing

variation for fabricating closed trenches on side tw
adglitiqniabsubgiyate madterialifram pidg tap @f dhesubsuate e thedompy irsedeaving the

.depasi ti protective king | ayer. on side two. of
SIS 5 P O JHERD PRGBS i sffenPigy 400 Tareer than he
rePRIHISF Thigkndsh limbttich b ltahdsanf astdsCthel ®IRAEss dff Ad®ic element,
and separating dice trenches, renoving masking | ayer .
lepyipgn thp aegidci wending ewpardtirony e cabstran clvescoupting with
etching substrate fromside two of the substrate in
the elastic el enent and sepanrating dice trenches
areas to a selected thickness such that the cl osed
separating trenches provide the shape and thickness
contours in the substrate for separating the die in
accordance with the defined pattern using |ess
substrate and produci ng | ess waste. In
accordance with a first aspect of the present



In accordance with a fourth aspect of the present
invention, there is provided an i nput control device
for inputting a signal representative of an applied
force into a processing system conprising: a sensor
die conprising: a substrate; at |east one rigid
island elenment forned in the substrate; an elastic
el enment surrounding said at |least one rigid island
element within said substrg a frame surroyndj ng

e§f§maﬂ d9mas trapsemngerlemenih 4T AT ToegInG RdePe I@S?Paﬁw@nﬁogces in any
Eﬁ%ﬂebﬁb ghﬁeﬁUpﬁto&" L& ARk %;lﬂ)%ﬁ'ﬁt%q'r sid nglfﬁ%:gé dement can be

enent and responsi e to a force applie
(kmemysdnmmennhmg at | east one force-transferring
el ement coupled to the rigid island fornmed in the

subsicasdinghbeneinbodithais e vapiptidretbrifebridating closed trenches on side
force-transferring elenent is transferred to the
two gf the sybsipte rithin pedie Bicat ST @rpRIEFet GoRTEING pIQterEve masking

ORI Shp St phiBrfhel ARy Wetinity o pajiem of the rigid
idmﬂpeiﬂﬂm demerigfiaes and Sepaﬁﬂpg dﬁ:e tltencliels,ereﬁmwing masking fayer from
t [ ft
I?m%@e@sﬁqaﬁv@%%%%%ﬁ%ﬁ 3 ?hf'é alﬁa'%g e&w&wﬁe two of the
S%Hﬁﬂeelﬁj tﬁcoel&ﬁi% AmdRaRd s%?ﬁ?athg cﬁ&' @éﬂ%ﬁ&t atedsQo ra%@ﬁb%@ thickness

he signals representati of "the force applied, and
swdhe:hs: thh eloaed ls@asdtmg eenetics proadé thecshapeuind throboless eontours in the

AR, 57 SRR BEORETAS SAhehle bRl YA RETRAR e e

siRtrhfe@ndbrddeent 18R8vakRr ce-transferring el ement.

[0010] 2007/ 081883PCT/ US2007/ 000411 BRI EF
DES - i or :
ST T PALEE ALY eyt ke s

threcadisfepsivhalgiore] pdt tadal edvist tii sensing tdeiog Knesss and converting

ﬂ%ﬁ@”ﬁ@%%lg%a%&%%gi%se B Hr S bR B el B B gt bensor die

fgﬁsﬁﬁ’g al B2l Ferride SNONGsIAY, | HIRFBHI the sbRr A is sensitive to a

tomviews of a force sensor die and its major
magmmﬁcczmdsa direetioneok e wristmsl dercorapbhied tothenforce transferring rigid

1s?nJ80dltl%1H os].;nstolge ol eﬁenﬁegl AVEat Icﬁsor +O%urﬁle mﬁ)%ses an eclastic
S e Brinci pie o i mensronal i nput er

cle@Bhtr uplRfl t6lief Bf@Mtansferring rigid island, die frame coupled to a periphery of
the elastic diaphragm element, a plurality of stress sensitive components on the elastic
diaphragm element, and signal processing IC coupled electrically to the substrate,
wherein all elements of the sensor die are formed within a single semiconductor

substrate.

In accordance with a second aspect of the present invention, there is provided 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; a frame formed around said elastic element and coupled with at

least part of the periphery of said elastic element all within the substrate; at least three

4



functions in hand-held devices, where 3D force sensor
die is connected to the external button for applying
the force through a spring like el enent allow ng
control to achieve the required conbination of
sensitivity, range and accuracy of applied force or
defl ecti on according to an enbodi nent of the present
i nvention. [00141Fig. 4 shows an exanple of a flat

| ow profile finger force control device based on
mchaiepsies 508iise Idicorpepspts Sired veighin ghg panicgpdugstor substrate

L c Y : _

oS58 Rl e RIS W ol S R sy bforrions

nfdchayecal oess én drribcalonddhe K vartporantsehtdstsd ope iigid island element
button directly connected to t '

igid .. .
forgied an the, papigotdustyr sphsieif %aﬁgﬁﬁ{&% digity island glement is coupled

wggnﬁ@ua% JeabaNnaalant £RARASHhAIves &P %Iﬁg td e Hlsti€Klement and

a depressed button in accordance with an

themigidiorteniC odmpdrentsy whishtprovidedtétonal qugoin SlgFilgwherein the height
ows.an.exanple of a_.jo i ck type finger, force

of Bttt M0 e BegaCha® gl Y relics Rl BPrc b RS FrsS e thsgfpme and

RRll4shg elRaelt def ormabl e el enment directly coupled with

the rigid force-transferring elenment transferring the

,f or Cgy Y&otfhed 8%&1@&1%"%1%& gf %J@H%? ﬂ'lvgﬂtl&rn ﬁhegﬁ is provided an

i nternmedi ate substrate e in accordance wt
irpb edatndndevife fohenputésgnt sigmal expicemtat{v@0di7 Fiagplicd force into a

shows anot her exang%e of a flattened head. jo stiqk ioid
PRSI R FORRRS LG PO CIPTiver & LRMER 4j'est oo riel
iSRRI @Rl ifh:BEdd! iM the sitiRaRChh ERsHEElRMEANGRoMhdig RBid at least one

enbodi nent of the present invention
rigid island element within said substrate; a frame surrounding said elastic element; and
at least one IC component formed in the substrate and located on the elastic element and
responsive to a force applied to the elastic element; at Ieast 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 transferred to
the elastic element and detected by the at least one IC component, such that the at lease
one IC component produces, in response to the force applied, a signal representative of
the force applied; and at least one electronic circuit coupled to the at least one IC

component, where the at least one electronic circuit receives the signal representative of

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

In accordance with a fourth aspect of the present invention, there is provided an
input 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 one
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
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WO 2007/ 081883PCTI US2007/ 000411 100181Fi g. 8 shows an
exanple of a flexing flat head finger force contro

devi ce conprised of a rocking elastic plastic button
directly coupled to a rigid force-transferring

el ement of a force sensor die and enbedded in a | ayer

of plastic, which serves as an integrated button die

i n accordance with an enbodi nent of the present

i nvention. [0019]Fig. 9 shows another exanple of a

erenemt pepplddato theargid ishaper fofroet in &lsmubsjrated e’me@@n a force applied to

rised.of a.rocki.n st Iast
PR B 2D B e B Be AR NaR b fgreby ansterred o
tlféJ S50l Menad PHGEELHS He MildsRd ICOMBIJoatMg sich that each of the

tactil e nmechani cal feedback on the surface of the
ablgast o 16 compengaty preducenda resoansede Herpresiapplicds p sespective signal

SRR L SRS b SRR e e
leaBoteD @c@ﬁp@ﬁéh% ofretdingtic dgaberepesintalvede\the éorbasgtlicd, and

on el astoneric package direct]ly connected to the
wihiegsi e pblca®-one SHSTERIC GIGUTt STodiae ah AUPRhPER Pﬁ@mmonal to at least
tW @ @@lﬁg&ﬂegﬁsofvﬂ {‘(Jé'céj{/é&&r r‘é@x‘e «%ﬁ'&t‘svgr?ﬁ“ tﬂj@ﬂ)‘?&j e&“t& t’he at least one
various design die I n accordance with an odi nent
fote-tramsfpriagelvinannvent i on. [ 0021] Fig. 11 shows an
. exanple of a flat finger force control device with an
[0010] addi tional force-transferring el ement and a springy
shell for sensing the click of a depressed button in
accordance with an enbodi nent of the present
i nvention. [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 additional force-transferring
el enent havi ng i ncreased bonding force to the plastic
button and conprising a tactile nmechani cal feedback
on the surface of the button for a tactile nechanica
f eedback responsive to button depression in
accordance with an enbodi nent of the present
i nventi on.
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[0023] Fig. 13 shows an exanple of a fabrication
process based on the | ocal etching of the di aphragm
first and then thinning the die franme in accordance
mbodi nent of the present inventi onpcTaiS2007/000411
“%%ﬂﬁ%%? &ﬁ 14 shows an exanple of a fabrication
process based on the | ocal etching of the di aphragm
to a certain depth, and then thlnnlng the die frane
and continuing etching WO
2007/ 081883PCT/ US2007/ 000411 t he di aphragm at the
same time in accordance with an enbodi nent of the
present invention. 10025]Fig. 15 shows an exanpl e of
a fabrication process based on the | ocal etching of
t he di aphragmfirst, then depositing a nmask |ayer on
t he di aphra i,-ani rame b
et chi ng d.quﬁiéggaﬁgg#@@ﬁaﬁﬁﬁ(ﬁﬁt@ﬂ%ggﬁﬂéﬁf of ?he
present invention. [00261Fig. 16 shows an exanpl e of
a fabrication process based on deposition of two

[0011] Fig.1, shows a prior art 3D force sensor chip with rigid force transferring island
‘located within the thickness dimension of a die and additional force transferring element

connected to the top portion of the rigid island. .

[0012] Fig. 2 shows an isometric top and bottom views of a force sensor die and its major

Micro- construcuve elements according to an embodiment of the present invention.

[0013] Fig. 3 shows the pnnc1p1e of a 3-dimensional input finger control of different
functions m hand-held devices, where 31D 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 sensitivity, 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.

6015} 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.

10016] 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-transfetring element transferring the force vector to the sensor die mounted on

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

[0017] = 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.



| ayers of masking materials and two |ithographic

procesSes allowing etching a step profile fabricating

t he di aphragm area and thinning the frame in '
wssbdance w th an enbodi ment of the presemCT/US2007/000411

I'nvention. [00271Fi g. 17 shows an exanple of a

fabrication process based on deposition of one |ayer

of masking material and two |ithographic processes

allowing etching a step profile fabricating the

di aphragm area and thinning the frame die in

accordance with an enbodi nent .of the present

i nvention. [0028]Fig. 18 sh
{0018} abr i cEigi 8rs wgc%slggm% ot ggﬁf( i%g%l %’Flgf%’n g‘“?‘*a&%’%““l device
OfanRRt) By R B8P MBieloh GBI ABGPIS P rigiifose transfoming

ng e an elastic el ement, separat
¢ slepeitost € frousaisomdiarmad tambagdadgntiayer einplastic, fijieh serves as an

sanme ti i n .accord i ' . .
g}dnﬁtéqg TW@ {ﬁlﬁ 18ﬁ?0ﬁ%%§§% gn @1518&? Ilrja'so{f‘?g pégéfeni ention.
i ona ' i

[001%] ar ger Figu? f‘ss%‘gf M@Eﬁ{g‘g@) ]%" ?"glr?g %x:i)rf}% ﬁ% %%‘Eé ?n{é’ﬁ?‘t ﬁ’%"g rcontrol device
pF&M;%r?ée& 8 § boRigadlaske hesiobutbatdieety doplepitna aigid forve-transferring
plastic material” on the top, of the.die, in C rgg
welementd acforse FersoedB gar FIpRTisHE 4 ATl R ahiesabatit b the surface
][ g &ng é)gl 12 Q thdil St AR SnRARLNE FecaBibk trbspoMivestodiusion depression

ron of "an alternate |larger surface for
. f of meetdudoesitirani empodinaent of the PEBSR YRty st r onger
| adhesi on between the pin and the plastic material on.
[00203he t OPi flotshewslian exasipleradingien foreaieintiobdayicy fpseg on elastomeric
over | oad _protection,. in ] W - he - -
rabebni-B; S, BECALORSG Mt 8888 B84 comprse

connections with different buttons depending with various design die in accordance with

an embodiment of the present invention.

[0021) 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 presént 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 force-
transferring element having increased bonding force to the plastic button and comprising
a tactile mechanical feedback on the.smface 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 diaphragm first and then thinning the die frame in accordance with an embodiment of
the present invention. | '

100241 Fig. 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



w02007/ 081883PCT/ US2007/ 000411 DETAI LED DESCRI PTI ON
[ 0032] Speci fic enbodi ments of the invention wi |l now
be described in detail with reference to the

ofRanying figures. [0033]1n the follown wles2ai el
W(gﬁ]gcrlptlon of enbodi ments of the |nvent|ongcnunerous
-specific details are set forth in order to provide a
nmore thorough understanding 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 I'- known features have_not been deﬁﬁrlbe in det

t the adiaphiagmm b dbss saps tine Bhprsoadaneh 3vihan Foberh "EPF&’?IFLG present
[OO%%%QBJECTS AND ADVANTAGES [ 0035] An obj ect of the
invention is to provide a 3-di nensional force

[002. np Ut %ﬁ}g’ﬁ%ﬁv ' %(gnﬁnpab?ﬂ firidiol 'ﬁo&%&? bn AR 16641 $tching of |

|ke e garners, digital caneras

teﬂfé dldpﬂﬂigﬁﬂ ﬁﬁﬂgﬂi&ﬁ rdepizjtingta mdsk tlayer g ég@lmphra,m@q a9 then thinning
0 provi nmet hod of fabri.catio
f g]c@@mc ¢ H aca%r\q?xgg With g ¢ I?308 n’rL]et%te tgf; tg!f* pﬁgeﬁl:t QRBhtion.
vari ous functlons in elec%ro %
[0026} Fig. 16 shows an example o fn {mca on process based on deposition of two
layers of masking materials and two lithographic processes allowing etchmg a step
proﬁle fabricating the dlaphragm area and thmnmg the frame in accnrdance with an

embodlment of the present invention.

[0027] Fig. 17 shows an example of a fabrication process based on deposiﬁon of one
layer of masking material and two lithographic processes allowing etching a step profile -
fabricating the diaphragm area and thinning the frame die in accordance with an

embodiment of the present invention.

[0028] Fig. 18 shows an exampie of a fabrication process based on deposition of one
Jayer of masking material and two lithographic processes allowing etching an elastic
element, separating trenches for dicing and thinning the frame at the same time in

accordarice with an embodiment of the present invention.

[0029] | Fig. 19 illustrates 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, 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 additional force overload

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

[0031]}



[ 0037] Anot her object of the present invention is to
provide a | ow cost 3-dinensional force input contro
) devi ce. [OQgS]An?ther obj ect of the present invention
S ovide a finger tip size 3- di nensi araluszen’®ec411
“K*%gﬁ%n%%ntrol devi ce. [0039] Anot her object of the
present invention is to provide a high reliability 3-
di mensi onal force input control device. [0040] Anot her
~obj ect of The present invention is to provide a high
stability 3- dinensional force input control device.
WO 2007/ 081883PCT/ US2007/ 000411 [ 0041] Anot her obj ect
of the present invention is to provide a
3-di nensional force input control device, which
accommodates a sufficiently | ow noise ratio between

XY, Z
DETATILED DESCRIPTION

[0032] Specific embodiments of the invention will now be described in detail with

reference to the accompanying figures.

[0033] In the following detailed description of embodiments of the invention, numerous
| “specific details are set forth in order to provide a more thorough L_lnderstanding of the
invention. However, it will be apparent to one of ordinary skill in the art that the
‘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] OBIECTS AND ADVANTAGES
[06035] An object of the present invention is to provide 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 t 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.

[0038] 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 hi’gh 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.



sensitivities. [0042] Mot her object of the present
invention is to provide a 3-dimensional force input
control device, which has | ow cross-axis sensitivity.,

vw;%%%ﬁg%gther obj ect of the present inventiorCcT®si007/000411
provide a 3-di nensional force input control device,

which all ows process integration with other sensors
and CMOS. [0044] Mot her object of the present
invention is to provide a 3-dinensional force input
control device, which is scalable. [0045] Mt her
gbhgct of thF Present invention is to provide a
-di mensi onal force input control. devi i . .
[004¥equi r Atotheriisshof 818 %gseatplﬁv?ﬂélan b PG w&%&?‘é&%‘?“é‘% force input
[ anﬂﬂ '\&Lfégf wihihe sdcoRinddiRs RF 8Eblkentty @Rt haise tasiot between X,Y,Z
prQV|p§_a -di mensional force input control device, :
wednsitivisieabl es better economi cs of nanufacturability
for high volume consuner markets. : .
[0042] Another object of the present invention is to provide a 3-dimensional force input

control device, 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,

[0044] Another object of the present invention is to provide a 3-dimensional force input

control device, which is scalable.

[0045] * Another object of the present invention is to provide 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

[00438] Figs. 2-13 show various embodiments of 3D force input control devices, dice
microstructures and fabrication methods. The détailed description of the microstructures,

devices and methods of fabrication according to the present invention are présented

below.

[0049] = Referring to embodiments in Figs. 2(a)-(b), the isometric and a cross section view
of the top planar 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 elemént 14, In this
embodiment the elastic element 14 is circular and acts as 2 diaphragm. A central rigid
island 16 is coupled to and within the center of the diaphragm 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 1C components 18, 20, 22 are

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

9



[ 0047] PREFERRED EMBODI MENTS [ 0048] Figs. 2-13 show
vari ous enbodi nents of 3D force input control
devi ces, dice mcrostructures and fabrication

' The detail ed description of the  perwso070004a11
‘ng@?&géﬁ%ctures, devi ces and nethods of fabrication

according to the present invention are presented
bel ow. [0049] Referring to enbodi ments in Figs.
2(a)-(b), the isonetric and a cross section view of
the top planar side of a force sensor die and its
maj or micro-constructive elements are shown. The

i sonetric bottom side iqn and cross, secti onal
vPeReged fheorpet paﬁ?seijﬁs%ém& i wﬂzogfome% gongiugroRspryhg surface of a
f BRAPRadd. S QUHRBLRAHAD YRS tHeferelseMRN stdifltityl MStfeld Ssensitive IC
enbodi rent the-elastic elenment 14 is circular and _
aeempansnts 1§ 3P RRaepn alpe berdesand en dhed othst aregs p6 the diaphragm, for

c -t § 44 f t'he di aphragm 14.
d%%pgl Fcﬁ?%?%dwé%mga%ﬁﬁﬁgﬁg%%gtop side there are
a nu f areas. 18, 20 22 e. ni.cal st :

to0s] < "V e, SHeaf 56 Tish SnpBicnS oo MBLE e PRAURT b ! SRR surtuce of
| ey ThS enfcitd 8f theQrea2Pused dorl inegiadon ofithe Bignpleroqebeng/IC. These
of the, di aphragm adj acent a frame, 12, and: ' '
IRt b AR Pt GO D9 BB Gl SgHrarea 13 or even on the
CORARCA&R Rk Bref 0Bt AS theRRdlEs2dF stBss2BnsiiveddonyonBRYis compatible with

‘metal conductors-on the surface of a diaphragm This -

cthef reglara EMIRS pregesss thrat any integrabes cigquith Whighy Candpe fabgicated with

S hd LV C a LQncat:

SEVEOS bAoA EPRRGRR P k2 o5 PRk fhed 0 con

t provide dlacsfuftjchk o2 3nalags sigind wmplification, andlog ahaipg0d-digeal and digital-

siress sensitive coppphents. occu a.relativel.y smal | =~ .. .
SIS CHYCLITY ACBB PR AL DRESIE (Y O Do, digttl

ajridfaks pesefmbhfdpeidhe gicddption, @npréeioniagd dbcopipResivon) Miked signal

IC. These IC can be |ocated. on the frame area 11, or -
OPFOFFREIE W@F%ﬁ‘&i 15l Rng Wirgless.$1gnals, fensig variqus physical domains

eL@BEn Br@and4ombhatidle. Process of stress sensitive
conmponents is conpatible with the regular CMOS '

roces i ' ' ' i

005iP 3 S W SRAL AL e HBDRETS e oo o
t the idamiecrdites défnrmdioni aod stresstih dseclpsticedjapiragin elemenn 14, reaching
provi de the.functions of anal og signal A4 f i i
R bBahn o0t Stgrraraa Argsrdiy 45275 2y T BPleast thre
CRAViEVS 1O Bompatlehishexd M gniqed @htingiioa afsisd signalg@ladive to a specific
| ogi c, nmory, digital .interface,, power agenent, ,
e\ff’ngéir@w?h%?ﬁd}l%g@%ﬁ vegier fgEeo Faﬁ%fég%i‘"r?dq FiPseitng Sensor signals
SO R or REPRE 8BS detbhRRSih (of ROvARE JreRefoféd kctor components and
wTel ess signals, sensing various physical. domai ns

othawsfore wlagthevabie 2ad a diseniion phthe sitgmally applied force.

[0652] In another embodiment, iilustrated in the Fig.2, the rigid island 16 located within
the die 10 protrudes out from the frame 12, or has Iarger-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
manufacturing of the device is consequently reduced substantially due to the elimination

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

wgz ?395” el ement 14, reaching the | ocati onsqfysh#ooosri

t sensitive IC conponents 18, 20, 22. These at
Ieast three sensitive | C conponents create a uni que
conmbi nation of the signals relative to a specific

val ue and direction of the applied vector force.

Cali bration and processi ng sensor signals by

integrated I1C all ows determ nation of the val ues of

t he f rce, vect nents and therefore also t
ARG SRR HIBRoT NgS FOMGAITY §° (g gepie vector force in all

f Qlir6e orth ﬁa]dlﬁcﬁmt ‘pdse QpRPSHAR VT forck brestdrafefdd tiectly to a rigid
t he FI% the rigid island 16 |located within the die

168landa] thcresos die F0d dhn tp an feasfie clementgnd [yepsitjvg 1§ epmponents.
di mensi on of height than the thickness of the franme
[0053]2 ni nibe tahallange cifhemstiol applicationptit 3Pmiarae seusorsl laswisput force .
[ l. t [ . . .al
”%érﬂvﬁfgﬁ r&eég ig%r% ﬂ‘?ag Eﬂjb% Idégﬂct?cﬁx 8{1&% ri é’ ﬁ:?nd[ ik 1ri" i@onductor type
s inrghdrialsi ie weglipgblge dlll'epsychaibgmalcms;mhmmtthﬂs eormfol bflﬁe applied force is
3 r _die. P ost offnanuf turing of th deV|§ d
S8 G HGeTRP 9‘1 G0 C&d"S fBETR tl?fﬁ‘fsrl% n%%e or good finger

e|cb1{ﬂ'd] A§dn@d ridfe RERIIAE@Ion R régltict) &mathuwa&ge vaul also increase the
correspondlng pr.ocessin teg The described WO L
> GG P4 ST USPYTaTBBoRahing fgBerapplicd force and sensitivity of
Mgerdasict uct ure enhances sensor sensitivity to the
appl i ed vector force in all three orthogona

irecti T .
(00s4f; | 25t 1 st HERE RIRANGRIn i SLE s BREpEPRIIE) Rirding 02
t ﬁudmnﬁiodamm; 8| voeended spting @bsant ¢@ isl aﬂdedatqmmmrs The first end of

g kel e Gl e ReB b Eha PrErenel AR i g o rame 12

t b cdnbet ek BeCThestoaid dollef ﬂie@!pﬁng slembst 40Gs i bcﬁhnec’fed to a button 42,
e dﬁnductor type nater|?ﬂ£ IS neglkg¥gle
g‘g@ﬁ apl SoBLOEROE 1 pphe LRmEarte elymeng 40 &B%?F% g deflection,
f ﬁfcfe%séssth@ in% W‘llntn)ﬂ@h ap E{Jﬁlﬁﬁ foRECAddcoutaly gl?cn'ﬂx fit mechanical

pressure on ood flnger contr
r sigead. ofs crapthet theseflt she enfmgr el¢meain 40 talgos incepases th@ulange of the

AP LS G WA 1 e
tﬁerndenalﬂeshf[frms&}@liabﬂﬁgpahtosbf the invention

resolving this issue is illustrated in Fig.3

[00554ccor dAs ghtsﬂatad il Fight, efodsncientinder Id&rl]lkﬁ/\?)}ﬂmﬁi&ﬂls,sthﬁllc g a need for a
The _first e

ele t IS a sSensor

BTGP SRR SR S EOrC oI DY e G Faopales dyiogp. Theso are
asaﬁﬁﬁ'é‘tplﬁy §HapinkCa M bi&tdnERcordink 8 ABother @nkbdeagitaftihe invention. A
pads 34. The second end of the spring elenment 40 is

cRIE el ispondedia pspbspate 3h wyith the soniagt Padspd.f Bhesensor die 10 is
V&%&a with e’ma& @ﬁgnc &Q&nanﬁ' BnG EQ?@QEd%ﬂ hﬁﬁ%ﬁﬁﬁg

defl ecti on, reases th e range of notio or app

- orce r f n C
[DG_SGL not h e@{éb e n&?& l%?‘%/ehg k{ %lr}igdn 9 t‘eﬂrzﬁ%ﬁ B%E; al?ééro&lag@%eré}é é?inger 46.
t Nermyad agrbshetr ol anqnpmslfamdtthmsgh the dlasticpmiztagjaltdfe button to the rigid

RS et ooty A4 e FA 1 1 oA SPRRFYRIG pargpogis. result in
Cafiput elc0LRE] shthals priysrfi@iabeh dnl’hpﬁhﬁi ckterhdlforg@ne finger .

nmouse applications, there is a need for a
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smal | but responsive deflection of a button and i nput

force controll ed devices. These are satisfied by

shaping a flat button according to anot her enbodi nent

f vention. A sensor die 10 is bonded 411
Wguz H{})gg?g 36 with the contact pads 34. The g‘gﬁgg,rzonaflogo

10 is covered with elastic plastic material 44

form ng a desired shape of a button. [0056] The

external force is applied to-an elastic button, for

exanpl e by a finger 46. Normal and sheer- force are

transferred through the elastlc material of a button

othe_rigid island 16, StJC ele
[0057} nal | yhe 5i2p 198 asS@?S@géhesaéﬂst VIPEOSt i n&ﬁ%a%m%f an glastjf naterial of

§ RhOpthaidl butfof Ghfchhik 1B &E@\Hgie Qﬁ%ristzé%ﬂ@{* thé Qe®r to a large degree.
ap I'ied external force.

[ebstie gepETMakren Y ooumIthe [sopoy fipnk) direcdly dfom, the back profiled
S%i&%%d wgp@ﬁﬂmgh he $6A5 4 paBd I?l[l'f%sﬁ‘érgé 4 f R I'!ﬁld island 16.
elastic the plastic utton eterm ne
r dpoasadchenr doteapmied by a déree e tslesfsmd thoough Itier gdastic material of a

< CHUGFoELY 15 Piia Ry R o LS cﬁ?eé‘?s&%ﬁ‘éi%ﬁ%?wvnmm

15 anah ey spplichio, i af Y RiPRaen b BB YeoioG gre used for

appVibibnblyy aub@r @ethar frdefi dfshadéct@nichdetit@ RvHile When position of a
el astic. naterlal of a button directly to the rigid
i SPRRs pelealrd) themdhe pgionutigh is siPtTgs cpees this action bution is

CRUMANRNESm the X-Y bikrsHRRNigRBh Ispath quéfﬁg AMr Yoint mouse of IBM

conponents of a force vector aré used

n é{wugaltado rAgipnduiten espspialin én pertabladeyices nre&r@blv mespiixes mechanical
C

é’édﬁaec ‘34} éig:cfchgéi\%g% {5185 Fdsngg%rtguat oH d&bﬁlsl%r s&hs;et 5@ t%&h@ ensors of the

t ﬂimgeraaﬂtm popdsed finger ifisres ecpﬂrohﬂesdcefqombmeh &, X~ a):(do'ZmnstmI functions in

navi gati on system |ke in flnger u .

TR DR PO GE B Oe e PR, i T need for o
deatiaf@s cpiitedl e4ctibh ybuuaﬁ,un TES nileBRac Cicking ee@alk @inction can be
nechanlﬁgt cli cki.ng ctlog whi ch cag e sensed b%

t HepIPPeEtedbinsds éle‘aﬁe=taﬁé ysirAGe An Eigso, Aeey %&Of%g odiment of

fgﬁ&&ﬂayﬁwéﬁmgeV|ce conbines X, Y and Z control
functions in one 3D sensor, Z control can be used as

[0058n act Tl sinsor die 1 isnbanded brya tshibstratsedb fth tétesrepfamtamads 34. The
Cc Q N | .

SR A4 T O TRSLSPAE A gt o o

abutltdnl (Tat reategxchl Ifd)rcan:g a}ﬁahedum an clastic lbuttcbﬂ'; eof etduple by a finger 46.

TNERG T SBhtis Be el el s Rt BE Arttion to the

pﬂgia i8tnd Tae chems %Irﬂmelaﬂand $ingly & € Wids sekstiiel IC components,
8 glc naterlal 44 form ng, a desired shape of a
bYYpich fesulf, i aytpuh ﬂaffmﬁaér%@alsspraswp@a tpoXanfl §|cegippgents of the
bulitan fofcgr exanpl e by a finger 46. Normal and Sheer
force are transferred through the elastic material of
[00592 but tlﬂntth %}% %grt{c])hgifdthé $l88d Rl]agﬂc Gﬁt?o?’lt {hE tgétﬁggélfsatgo% mechanical
nd finally the stress sehsitive | C conponents,
witedback eﬁom s¢nsinguhp wlicle bEtheriressed bmgmalbscausc it has a springy shell

p rti 0 X.an ent he external :
%}:}.Ig:gxre tltnﬁ Cﬂ{]lg,' ?20 Benge%{rﬁ? ?@}]epl ests%d hginatg? it 2 Puckles slightly,
Plegitdih€ cdﬁnﬂnhﬁyl bithendiag hicliek sewsthoni to thaBedea A6 CThis springy shell can

| feedb Ci%wé%élﬁé&%eriterg%ggat ¥ lilffl | CK %|a¥1h§)(legr esfﬁxg ygkling action

vurédiest her sayid wcBié feenaat but éﬂb@ Eedr@8S Skbrt Eemag e tHeORechanical
it buckles slightly, retaining continuity but sending

a click sensation to the fipger 46. This springy
sheII can be made fromdifferent materials including
nmetal s and plastics. The buckling action creates not
only a tactile feedback but al so generates short
pul ses in the nechanica




WO 2007/ 081883PCT/ US2007/ 000411 sensitive conponents,

whi ch can be used as signals for activation of

certain electronic action. [0060]As illustrated in

Fi g, he spring el enment 54 providi ng requpegdstiamnge1l
WQﬁ&a@?ﬁéction and sensitivity can be nade fromthe

elastic plastic material according to sixth

enmbodi nent. In this enbodi mrent the sensor die 10 and

the rigid force-transferring island . 16 are nounted

on the internedi ate substrate 53, which has contact

‘pads 54. The elastic plastic package material 55 :

covers the above el enents and for flexible . .

o sapeiine FORPOTFRE: S B InA a7 SEHES SRR ofggrizin clectronic

sghifs as a button for tactile contact. An external

force applied, via finger 46, to a button 56 bends :

he pr @t r:yusi 5% #i£a! hospreghapieal 56! 5668inNfquired range of
[ﬁoﬁ“ieﬂ ectl oﬂr;lﬁévt\i%ﬁ% n the bl asth ¢ i n t he devfice base area .

58eflretivesnd tehsitigignerorbedhaserun theelastie plgstic material according to sixth

force-transferring i.sl T $o [hth &6 SHFE S indfSrring island -

tf"ﬁﬁ‘%@é‘?‘i‘ egn s f‘ﬁ’goasngﬁlgtore ggorac{rl}]éd??l na ?yglt o the ne B

St § asSmeefed on e inGrmalipe mdntrate SThivbichldes gomtast pads 54. The elastic

m cro-joystick all achi evjn ery . | ow gost i . _ .
D PEE PACKRESReTE T SOVEaE APSRHTTE gichfrarte 4 Spble protrusion.
Weht aENRHQRE ¢ FRSFoMBAYA S dekifch BY a befdin{dr @@tikscontact. An external
[ 0061] Anot her enbodi nent of a gl astjc el asti (éafl nger

j Gyt implicdd vin finker 46 @ bHISG Bends thRroEFEP? @?W@g%’a““haﬂi"ﬂ |
Ofstrésg gmf &%ﬁéﬁﬁﬁ YHe gﬁsﬁ:d B the dFNI& Pis@ fifeh 58 Hetvwikn &% sensor die
can bé Tabricated I n various shapes, colors and -

e bas theeigid/ forcepastimnge sland Ae. Apislinduged gresa isdransferred to the sensor

requir.e ts. In this_ e S e b Soiovstick
B
- daNéwe achi SRR Y dre Now astinegrodoztion dappd its alesipm siraicity and existing
limes there is need.for. sma}lu!P defl ections of a button
adveluievelprad mass angfagRripg (rerol98 s i cati ons, but t he
~_height of an input contrql deyicge_can.be .governjng. .
[006Kor t hasethsppmbedimedf a pidstip|faylt figgs éoxsﬁgﬁﬁb&‘gi,ap‘?‘ﬁg head 60 at
S el ROl of REOMH A i ShohRGHIFILT. TSSO ktickedd @6 bk Gbricated in
and 'sensi t1 vl ty can be made as a | ow profjle rocking
t wariovsrshegimsaeolenpiand elisticityn depsadingionghe aprlifationppnd requirements. In
enhodi t. re . i i t i o1 lectroni
B B et Sy 45 6 ol A 0PCE) 58 an stctonc
sdbgtdg.ate 36. The el astic plastic 64 covers all above

el ements and fornms a flexible neck 66. The top o
[0065Ur f acBoodomifigerhmiduse applicatansent eichemithene & rived forl sapldeléctions of a

plastic 68 seryving .as a surface.where an,exte .

Pt gL irAge SoRbE: SO AU PortoE PRpT & gy ingos conteol
fid@ﬁ@é A6 bet SovkRfind OFoR akhdke | AppREatioBs, ofs Nlnerdwed toRig.8, the spring
rocks the button 64 creating the nechanical str

SS
A menOPEBTR D BTBTSbCYIRESS O AFOE0ATE HaFFALY Cap be made s a low
WL 0 r%?@g?tk%i{%ﬁﬁgg shifl€ dBEEKaRbRBnLH HBIHAESRMbEdHRent. Here, the

sensor he rigid force-transferring island ‘
1GensPhilie 16t witls thei migid femefransferting éslandel 656 raategi @ thp qubstrate 36.

f iﬁg leﬁa)étié 81atstt1]ce64§ bhseesarf gmetélé@enﬁ%%ﬁggg@feﬁble neck 66, The top

surface of the button is covered with a hard layer of plastic 68 serving as a 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 cieating the mechanical stress and
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[0063] A 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 sen bR7/000411
‘wgﬁﬁw@%ﬁ%ﬁising a tactile sensation nechanicZFhUg
feedback 70 on the surface of the button 68 all ow ng
sensing the click of the pressed button according to
t he anot her enbodi nent of the present invention.
[0064]In the top portion of the plastic button 68 the
tactil e sensation mechani cal feedback 70 all ow ng
sensing the click of the pressed button is . . .
i defection aithin the plaste imths meskaya 66 SeTween fhecsensqs dig10 and the rigid
with the.cay b Hed {5 traili8Re PR A6 sMsB58i86nd finally to the -
f (] '%rﬁneSfeF—%%é ?%mraégéﬁgg t ég {Srﬁ eshofcg@at?ter which it g
bytikds esnsitreddicomgomrents. | cki ng sensation in the force
applying finger 46. This springy shell can be nade ]
[0063)r om diaf figsienflatRiae fingérsforcr cbotthi Rig vive isashowinig Fig.9. It comprises a

l ics. Th | jcki ' N o
ot eog ek AR o) S noiiae HdR lorpl e fing dland 16 of

t rﬁetg?&cﬁﬂgﬂrcﬁé 288 ohdprivitg GORPEIL Gahsationachardend femlback 70 on the
use

as signal for activation_ of_ aoth rogramabl e ..
acuifame of leOBsPNH$\allaping eatnb s cg%ofg%g E)beﬁgedg%utton according to the
pos | C L8 s control buttons in
C bR, G EEpr LR GER MADRALS 07" et onal i ty
.S maintal ned. In.an odj i i . hanical
ooek, oS i sFioP B by SBapk a0y et
UsBliback] ADABIWRE sthsigethefalick ef cenpressed duitor & ingerpargted. It has a
el astonerj ¢ package .80.direct c t Q. :
I el ST oY OF G PG 7 eOPn iy PARn tSink fessed fom the top
| 5| RAched the ih}esﬁ&lﬁ_‘hfff&@ mmchsesumgﬁﬁag _lz_ﬁtﬂwkmgg sensation in the force
connecting Wt ifferent buttaons : ese. buttons. . . .
al applylngvEnges e SPSnIFRG ??&ﬁﬁﬁﬂﬁge ﬁ@%@l‘f’fg{i& gﬁPqnglrs including
Cor?&ﬁgt i H%)lé@tﬁ:@ ?@Eﬁ&éingdﬁéﬂoﬁecr&ﬁ@(ﬁ&emﬁQ ‘a Hfle feedback but also
external 0

esi gn the button 88 depends on specific ,
apgehére@s & short eylses andwtmechaieal PSS WHROBFTH VLY R be used as
a se ate.c LWhiegrated in the nat.
Eﬂﬁ%ﬁﬁ%ﬁggﬁgﬁgggﬁﬁﬂ%ﬁgé%rtagpga&evfcé. [0067] 1 n some
plications,.the sma j = L 1O

1006BE ang NFW SoPLFAORSpoc<s et 50 Ble5 ey Res Jegfirk Lo control butons
a0 gk Ohafts C¥iRe ind Atepihinwialcfuhdtionglita ¢ ingintrtedy ilakn gibodiment of
the button attached. An iné easg?hggrf ce q%l%h
1 s VBRI AetBRNaRI SRS BYpSREET 1 iy S e use

[06066] The finger force control device has an elastomeric package 80 directly connected

to the sensor die 10 comprising rigid force-transferring island 16. It also comprises
means 84, 86 for conmecting with different buttons 88. These buttons also have
corresponriing and matching means 90, 92 for connecting with control device package 80.
The external design of the button 88 depends on specific application requirements. The
button 88 can be either a separate component or can be integrated in the mat 94 of the

keyboard of portable device.

16067} In some applications, the small surface size of the ngid island pin might not
provide a long-term strong adhesion between the pin and the plastic material of the button

attached. An increased surface of the rigid pin can be achieved by fabricating an
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W)2007/ 081883PCT/ US2007/ 000411 addi ti onal

force-transferring elenment 35, as it shown in Fig. 11
~according to the another enbodi mrent of the present

Lnvention. This force-transferring el ement papyusmygooail
WRNEEE e ri gid pin can be inserted and nmechanically

connected to the pin with either glue, or solder, or

some ot her attachi ng nechanism This

force-transferring elenent can be nmade fromdifferent

materials, for exanple fromplastic, nmetal,

sem conductor, ceramc, etc. It also can be connected

and bonded to the pin in bat.ch fabricati &5 the another

fadlditiona otce-trepste e\ ARt deers %hro“f%ol{]all:? 'ulﬁboiéfé%?’g

wafers at otf?&: ?&g%t t iR, ABRBbAR- absfetringnelement may have a hole

FOTOEIPE s o ing el ement 35 CRN Serye, .35 Snwimeiﬂmerglue or

phisdré Agitfincaniminseried sad BEFheRiGH N FRIPFS shio e P! ’

s¥sShown I n

Fl B Lo TR R AlBhAisROTE forbetimfntinglcloncatien be made

rarsterring el ement either

i feth i et nyatapldld) f@LﬂXau_mpheé@npplgﬁicamtab|sg@g:og%toﬁr&emmic, etc. It
((j)a‘rzlﬁelf gqngqqt%%é%gwfa %gcri lb(é%{;eld?@ ﬂ}gﬁg{]ﬁra‘ badB GRS Ramtce, for example to

a substrate, with the

aﬁ\gi&ﬂo%n@éfexf S6 8 nuinbédifvefors aighesaaredies, i s bonded to
the water of force sensor dice and then with the :

ubstr 1@ S RkkAgeting elinsnt Jnah hewe e geifar for mounting
[(mﬁsiubst r‘g{‘gd&v%n{l?l#ﬂt T 3

he additional _force-transf.grri . d on th
ob aprysstisBridods Shawn i Big il THBSOPIRSTE % h‘!eahg%ff‘%%;’f d°n1 ©
shel.l s t he [ Skheviikdivithalyf witlc euteemted rpick and place
s of 26k HElbitddal Ment ERhottiudivid ,
f@?&ﬁn&ﬂt@ﬂ&f@bﬂbm@bét@im:;mmd the springy shell,
af

er singulation fromthe wafer, are covered with... _
[006 | ast i ¢pépetes differddt, designs Harvenisi thatmp gubsirgte, p@tgntwﬁ ggg,monal force |
—external force-transferrin QF <0 @i6é aid then with the
atrapsferepg lemepis &5 %8&‘.%’%{‘% e S‘éa?gﬁ%“f fo%%gsmlm - B
a4 @NGH bRy SRASI &h?ﬁhagdaﬁwﬁsmubgate sHibvile aditional force-
I'g. , can be nore conplex I n shape,ac d then to the
Sabifaring e hndoR TPHED G BBRC AG S Torey i g dnd then [0 the
forﬁg’ V%%a&éf [ 1T Q08! SRENTIY sissratic) ehenadiiitidnab forge-transferring
t f i

! T O e, e g n%relﬁ%fc-’nttlhg’wafer, are covered with plastic

clement and the springy shell, after singula
material 44, as shown in Fig. 11, forming an external force-transferring element for

contact with an external force, eg. a finger 46.

-[007 0} 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, efc. It also can be connected and bonded to the pinn a

batch fabrication manner at the wafer Jevel.

[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 the 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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metal , sem conductor, ceramic, etc. It also can be
connected and bonded to the pin in a batch
fabrication manner at the wafer level. [00711ln

M hsLszembodi ment, an addi tional f or ce- t r arsires00MY0411
el'enent 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 the
trench 47 proximate to the rigid pin 16 and serves
several purposes. First, it increases the surface of
coPnecF:pn with the pin and strengthens bondi ng and
reli ' i . .
PRl hh s 47\ e DE R Sorial SRR i clement. Third,
gosdeesi astan atithitional etophlimiting mejch@iqabp‘(ﬁrh)gd g Xi ¥end Z directions.
external force-transferring elenment. Third, it o
[0072F€r VeSihe addisionsl dWiceitansferring @fement B3 hanepvitiss loabimas 49, 51 on the

overload in X 7Y.and Z dj [ .
ot et e OB Be ot e e
OfarRfe AR chSnend It ﬁr@yidb@hifﬁ,hﬁrﬁ'@li‘aﬁiliﬁf. this elenent for

stronger bonding with plastic material 64 of the

- [0073ﬁi)(t§]ﬁ;r%|$)réfa{?i5ﬁ%f_tar 3‘15%1%5 lskid@r GleCh®@Ata. sihdle Blilkattesd for the lowest

elTability. 073] Fabrication of a 3D force .
seonsprestings the bigeest shallsnge. siheas ara sever) Py 1p gét“l‘ 8\%5‘5%““3 senor
cgst represents t he bi ggest chall enge. There are
sgészfl_optlons gn b?tch fabricating senor dice. :
i g -. | r t rd gat.| ;
10074} cor i 3ed Rrpoar TR BEiRs BshBer cmbodiment of the
present invention. Fig. 13a shows an initial silicon substrate 100 having surface one 101

W

and surface two 102. The wafer initially goes through the standard CMOS process
fabricating IC circuitry 104, sensitive components 106 and contact pads 108, as it shown
in Fig. 13b. After a standard CMOS process, a masking layer 103 is deposited on the
side two of the wafer. A double-side lithography is made from the side two of the wafer
opening the elastic element area 110, leaving the mésking layer 111 on the frame and the
rigid island, as shown in Fig. 13c. Next a deep local etching of silicon wafer is applied
from the backside of the wafer forming the trench 112 to the depth for design dimiensions
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
jsotropic and anisotropic etching, etc. After that silicon is removed locally from the frame
elements 114 backside of the wafer, as it shown in Fig. 13d. As a result, the 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 removing silicon
from the frame area can be done by different ways including mechanical milling, electro-

sparking, abrasive milling and different kind of etching, dry and wet.

[0075] ~ Fig. 14a-14d illustrates a fabrication method according to another embodiment of
the present invention. Fig. 14 a shows an initial silicon substrate 100 having 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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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 ‘

CMOS process fabricating IC circuitry 104, menssioémeos1i
v“%ﬁﬁﬂgﬁgﬁts 106 and contact pads 108, as it shown in

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 enment area 110,

| eaving the nmasking layer 111 on the frane and the

rigidisland, as shown in Fig. xt a de . | .

e Ghiangs oG 36 e oo s G Bise et RIS fyer 111 5

8&?}0%&\@}{ Bl EREkAIO G HRewhfes NN ddibke-$ide titgehphy bs frade from the.
e

gn dinensions the elastic elenent 113.. Local o | 111
ebaddiidg oftha visderduprring jheglastie element 19ead -?avaag}g%vla%’f}g ayer |
4,¢ B kNN 1500 15580 botarkiOhs SEART gD YatRNGoxc dabep local etching
P etchi ng t

p , el'ectto-sparking, wet ‘i sotropic and
apf stitonophfer & mhdafpmethe bagksiderol ttheawaksy [forevng the trench 112 o the

removed l.ocally. fromthe fra 11 cksi i
ogeﬂﬂﬁ &Sapels tor l’l.hegglf{efeng% Setweett r['E_AIe gingqgg&él&%s gf E:}%S %ﬁr{n’g @nd design
! ﬂﬁcrasésgig&h@kuﬁmsal@mnon 13 HEhis loig(}hlcbtd}ﬁr_t%mdsbe ﬂfﬂzﬁe brediffvent types of
arger than the remajnjng t ess, if the fra N
AnUS PR} SRASITNT ot 56 HE BRoRENEe £ aner AR dfaine, vt
5 Sis%ﬂo;g& %ﬁ%ﬁ?’é?ﬂgetéﬁihé,cé@@ NeR THah nafkingtayer ¢Bl Garentined from the
y diffe

done ent ways incl|uding_nechanical m]]|

eﬁautﬁbgmat k1&igs skoyymiyi the Fig- (1f¢- . e SRIng Breeess ok ﬂﬂe&backside of
?Fl}eﬁxtg : a{lgxgimgé’syet%?r?%é?{ﬁc Al ALAPhd Bame dBmiddtdimultaneously, shown in

fa on method according to another
eripdadreAls aodesilly ehephaisle dimensiosraf] tharigidi igland) 11 G begpmgs larger than

an initjal silicon.substr 100 j AJr

(hargnie sk ERae B BniH (it BRER (R R 13 and

}A@fbe,eﬂlidmés%t of08e Seliidiic cl@herit heachta dekignd tHUDSssp Tbe s of removing
abricating ICcircuitr 04, sensitiye.conponents. . . .

| S8cain ordi SletiasiRent o 560 ¢ SR epEs IOGIG b oRY including
1080 wduld oF @&ﬂﬁlg! BhAwetl 4-exdhipleby RIEL andard CMOS
process, a masking layer 111 s deposited on the

[0076]2¢ ksi Q%m E%%f%ia\é@gﬁfate RpdopBligtish dfhettiol N@@LARRY S yet another

de from de of the wafer opening the )
eleadbdimest afitheipreSd irvaotidne FUg.§a shnavs resiligon gubsirpier 09 figving front

on the frane.,and 115 e riqghd .Sl [
2P g1 RS, AP ALF R R s gAY e s
i 3 1oaeRnd rpa iskedoEcketd etohibd fivening fue elator elementtiid. After that a

trench 112 to the depth al.to t differer .

perABes e 1) i AEPTIRG R e el O S BRRAELs gigewall of the
, g

t RicRitRe s B shitfoeItaRd disstie bRARAS 11513 it IHuvar ind@15b. The next step

etching can be done by different t

1 i i % gs Of oot ?r Vl\gt leavin the
etig tameyingriomasking layer e thexfreme gpep 13 ASHOWR IR Fy 15¢ g
el 86k 195 SRANKD G d SOIHORH Grend@ iR Qldid bk Suivendf, the elastic
e?%&k&gi?ﬂgﬁqu%%%%ﬁ%%dlayer ilfnis renoved fromthe ;

f etement! BreNext thssilicon is reovaveit foceliefragghe frame argpfrom the backside

etchjn rocess,from the ckgl . he risid
c 8&%%8’@§r’e¥c P I“éts?%' clkggl e%e%tq esg'%tﬂ H?rekée%ft gllhg?rrghot? of ¢ .e nel
SiisTatds A6 Betwines lap@vbian the Fingrinifg thickAsss 3f thefame 114 manus thickness

hei ght di nension. o he rigid.island 116 C S

| G SRR el T G SRR A o AR Mgy e oan be
mdBﬂiiutJ\}a% B ircliRi B BFbkA @iEsTRrhink] &yand vehe

t hickness of the’elastic el enent reaches design

t hi ckness. The step of renoving silicon fromthe
elastic elenment and frane el enent can be done in
various ways i ncl uding diffqﬁent ki nd of etching, dry
and wet, for exanple by RIE"[0076] Fi g. 15a-15d
illustrate the fabrication nethod 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 CMOS process was




[0077] One of the challenges in nethods described

above is renoving mask fromthe frane el enent, when

some kind of profile is already fabricated on the

backsi de_ of the wafer. This can be achieved 1
WHBAK(%R®Y he backside of the wafer by two la;gygmgpwmmm

maski ng materials having etching selectivity to each

ot her and two |ithographic processes made on the

initial flat surface of the wafer backside according

t o anot her enbodi nent of the present invention.

[0078] Fig. 16 a shows a silicon substrate 100 having

front surface 101 and back surface 102 after

VDS
[007'gr oces®ne N Xite thﬂilenmhnngethfaise&%crlbzé abpye soremeying mask from the

ep03|ted on e backsi t e
Arapeglemepl, W ]%ﬂbs%es ind g°%|P§<§,f§% I?% Efﬁ@’dg gabrﬁ:ﬁteli oSO Wackside of the
S%La%&t iTHist d4n e @iHEdVed Byt Maskirak irgbacksjdsy ofl #im, wiise by layers of

c ing T B DY B0 e g Aot processes
n?z!ng oh?ﬂleﬁﬂ fl?\ssuﬁfﬁél%f thdwifefback8ifle adsositmpcinother embodiment of

ogr aphy , opening the elastic elenment 110
Inhetﬂireset[amkfm‘hlgml ayer 122, as shown in the Fig. 16e.
As a result, the backsi de of the wafer has three o
[00791 ff er @iy, 16tacheds e|sémns@straﬁ¢rlﬁgklmnafr@at sprigee 101 apd back surface

d on-th
, SI|0§ te%mtprqﬁggsk %%W¥a§%$§n€@§4 'éi'egdéil.vosue on-the
134 ckhiRX b e wafdr] sOR slamei h . IldiaaIIhy maskmgelayer 124 adds high

Slrsgisgtgtlpgwre\e;fﬁgjlnsnrzgettﬁgﬁ% ﬂq&y%ﬁ}% ﬁ axaex% F]tgp 1S reééwtng ltlgeyrg?skmg layer
121%%' oyl Eﬁﬁé LRMechNEnd BlafR abBemNéavERSit Ioﬁbrvmmtjpe tripid islands, as

e rigid island, as shown_ in, Fi

Trabomasin Figh 8611 sesond Hihogesabis EIowcMeAipedhs PR gt 101 the

and he ela C VWK & Fostrit OGhe b&&sidbof ehe wafer bas
r SR l?‘ﬁeé %’I %ﬁ#’sﬁﬁ%%g% gé‘eot he r|3%| d ?s ands 134

baﬁwﬁaﬁﬁbﬁntgﬁchddhdmtﬂte: wenmasked aatiilc elegpent mpasked with one

f t hi
a:fg ing: l%meﬁgs ; C& flg%}s% %i%m Erggsjg(r a%&leﬁ rﬁgs%ﬂfgnfayérg’QZz and 124.
[ O Nali@aris EfcﬁmSal@fmalmmmnﬂce:lamskﬂwgbrtmeB%(S 122 and 124 to

1;_;; gﬁ:&%@g@ éépglg« lg%lotga?& %‘. ’ﬁ@. &qu@%?e@tlgg %}thﬁé(g from the frame

Ok mEkOL24bA3NS HEMdSsiands hd oo is Fixs § 6atThe next step
%érﬁ%ﬁgge? %t s%lrface 101 a%ﬂgsback surface

af isarsxrﬁﬂfﬁe@m@g@g@ ofNbx frame gad meﬁﬁasp%@@pgnti,ga@ s%gm in Fig. 16e. As
ggessl lg,gg %h%htn ex?r?s%ﬁsdfdcﬁe AkidtifiEndsahe beddddes lﬁrﬁ&\/\/{hah fhe remaining

step I's Fenoving a nmasking | ayer i
13@.1(1141@@1 dfhie fiamee 13 dnibuo thickvessephihe] dlasic gghgpgnt 130 and protrude

| eavin nIy on the rigid islands, shown in
i Fi @utwi‘%bé ﬂ’é’e%‘gﬂﬁq it hogr aphy follows, opening the
el astic el ement 110 hown,in th the wafer i
[0019é5u| t, Apﬁgerﬂgg@§ agagﬁ) ﬁlﬁén%gfng rprﬂ%séz kj' rrne%lz %a?léﬁleebf e wafer is
ﬁ%%ggga 21 8@ackdRling M@nother embodiment of the present invention. Fig.
1883

1U820071000411 ,
17a shows a silicon substrate 100 having front surface-101 and back surface 102 after

CMOS process. Nexta masking layers 136 is deposi}:ed on the backside of the wafer
102, shown in Fig 17a. The next step is removing a masking layer 136 from the frame
and from the elastic element leaving the layer only on the rigid islands, shown in Fig.
17b A second lithography follows, opening the elastic element 110, as shown in the Fig.

17c. As a result, the backs1de of the wafer has three different areas: unmasked area 110,
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frame el enent masked with photoresist |ayer 138 and
rigid island el ement masked with nmasking |ayer 136.
On the next step silicon is etched locally in the

‘ngﬁﬁbﬁgfplenent area through the masks 136 eadud@er/doosil
a pre

eterm ned depth. Next the maski ng photoresi st
| ayer 138 is etched off the franme 128 | eaving the
mask 136 on the rigid island, as shown in Fig. 17d.
The final step is a sinultaneous etching of the frame
and the elastic elenent, shown in Fig. 17e.- As a
result, the height dinension of the rigid islands 134

beconmes |arger than the remaini thj ckness of. th .
{ rarme clmobinesksd oAFCRIRIESSlayehd 36 paik B I8P gl ofggesiod with

-[0080Q] The BRI - heBlosally Buhdicngtid dement area
E F’é‘?%ll% gi?gﬂ X pa(?lg BRI Qép tiligord BRE& ¥ 1agi en

{008

- [008

0 etches a substanti al ﬁart of the b ot
Wetlreught th elesles 6 add 38Hp @ medsiamined depthy Nextfhe aghipg photoresis

for t ur pose..of sin ' ' ' @ island, as show
ot 1 BEGHEPGy  PLLAP AP 15 D e o s
Ogﬁ | {7& ane fﬁamhsttdpes dejideneons attbme of theeltane #ndthe elgalic element,
enbodi nent of the present .in tion, =

S Homen I Bl §eonAS apita iy byt A Rop b iSidstakdi® 34 becomes
thg, ez'u@léﬁ e RoRAGKS itsiekefs bheheratuee 168 skings ithickiess of the elastic -
rigF Islands wth the masking | ayer p6. The second

| ietebregt By is foll owing up opening the elastic

el ement” 110 and dicing trenches 140, as shown.in th _
B g 1be dacp stchinguof thet wrnchescruioNading (b Befnfndn 0 etches &

four different, areas;. S | i LRFBA s@HiERr th
e
Plaplspizetating theatir frdi hawalfer ijfhouticotreentiond sheés. iFdueLng the overall

masking | ayer,136. .On the next s . S| i . ]

| SosIot fhedRvich in aspcrdice ihAalher Sh i ioﬁ&{%ﬁgésg?‘gﬁﬁ%%n |
trenches- 142 through.the sks 6,.a to.a ..

i cdot SFen e ahop Erliqauorr AL AAICMES Biobefloyith the substrate
| qy e dk38k | g BhehaesHHom b eighd aMRdamit hé4nisidng hger 136. The

the mask 1 on the rigid island, as_shown

Fig. , ..
* 18econd lithogmipie llovwang Hp REETHIS qhﬁglafsi‘,lcdﬁlgx,ne{x Oezf.ngscthflgg trenches |

el nts and di cing i e B | Wafk ias four different
A 0 AF BB B it
| shaRrdsmiaiebdavivatenpmbareadad, dhmpskadidicing bgughgs 440, frame masked

over. the rengini t hi ckne 3 : ;

i WS 198 b EERFA e BEyHOARBE Tl 106 On e
di gip@lliddreR Ghe@sd 16811Y o i elgutic adnicon 126 andién thecdicing siepches 142
the wafer. [0082]Fig.. .19 illustrates, additi I .

i rihfoush theamashh Ié% a%fgé%?l o3 @E?Lf{aﬁeﬁ‘@m‘f‘%dﬁ”%‘e N it i photoresist
1RASIIR AL i HAORn HoORam@ o 144 RRVihg 8ol eSS on the digid island, as
a ional Torce-transferring elenment 1 as. it

50, .
s rehawvniin Figh 4 8¢ Ay siondtanauys stohingcal the gras.dhs Pt Gy ey and dicing
has ch | ar J c S -the height di ion of the rigid islands
oG GB R bary USOGR) BB Ront e b s e

of 1 34hisechingé gropiuted 8dm the bl eserathe dpgainmgribickpey gf the frame
fﬂﬂﬁf' ”%Bséﬁ%’?w@ Sediist) B thFolaRSh | HEIEE R treRBhes 146 for

singulatiion of the dice from the Wafer.

[6082] Fig. 19 illustrates additional sfeps 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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[0083] Fig. 19 a shows the conpleted sensor wafer with
the rigid pins protruding fromthe surface of the
substrate wafer. The mechanical substrate wafer 149
' ' aligned with the sensor wafer 129 spciAigdoo7/000411

‘“%?ﬁ@&ﬁgﬁ 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 bondi ng. between two wafers. The individua
el ements 150 m ght be separated from each ot her at

the wafer |evel. by e _conbi i Q) : s A .
B S YEneplo S AR R Ap0eBLE 5w sy adhein
brdrd@R3hepia ahd teiptatie thateniat dreths wpsdfitiat &ig. as hol es for
the pins are fabricated for mating. At this point the
[0083 Onde%ig!al‘sﬁi‘ ShGAthRRofipk@sd RAr aiBlr with Henigd phlsassthding from
- terial on the top of the die far form ng external .
f the serfaceanf$he suhshagtecy el ribe dugehpiend élé‘éﬁu[a@o‘gﬁfmg“é;ls then aligned

cont i,nuat | i di t ' i 53 in th
U T, 1205y RN Bl Ol bt BUBE15 i i
i ubkttede 1460 When tvep wpfeisrgy betved FagetheBwith matgrighh54. A5Eilgis material

19c., T ' [ls, 1 unt :
S RS e BPlAR o G} R G B YR iy Bt owo
i Rl dualiddividindl feleiémeras @ ehighitche spatatet dfoem eaehi pivemat the wafer

-or in a batch fabricatio mnner... Ne t he. honded _
e g PR Y QI SRR 5% U RV GY So- Thee slts and
a g'fe§ el Y Rfedth 38 dibsteié, 8% hales @t thdBink @R @briddisl fof @ating. At
for Tormng external force-transferring elenents |

: ferri a
bBisaoisribschnnded WotsBjaRing ciosd and ARRICIATERS PIAHC Bigtarabefbe top of

g%gg%ﬁ%&@@g%ﬁﬁm %&Ee.é&:&%%;g@mw 138ked,

' e | nventi on. 20a shows t he
| d . waf et - W . i i t i .
i

sfabstakioh @roeessvaTheselddps iisclpteauiteidg sitigy sheldhbif, esshown in Fig.

substrate can b fromdifferent teri.al s or .
eXrdihess FIEHSH| %@[I?Hgl%g rféfaf® et oot BF1ace eqfaf?fcg fransferring
eliEmedit 15€ 88ler SRBviAUAIlAGEN Qltofubics plBRCGhdN &8 lequipment or in a batch
substrate has beendgrofiled in such a way that t

e .
clebrication mawer. dNexidhe bonded wrers WER SPHNSYS shela cg?ﬂw diced and/or
-f DR p1alh LCEPmS LR Bk £6! HRAL SxBHANRS transferin
r%%%gng%gﬁkgégﬁ%¥%%ﬁ%g% aﬁﬂﬁéavities orﬁérenches 170 £
atlementyirt dbaidheprotdser desi gned ni cr o-struct ural
el ements could be fabricated at the sanme tine with
[0085] he caiit R@silligifatdsothet hackpind sofl Bbricave prectrandccerding to another

bstrate i.s ali d wi.th.th 1 . ..
Cprabodimrg of B D, Hihoh M 8 HrfRle sefi? vafks with the rigid
268d b@%m%g l?t@;]ﬁ/l Wﬁé@@@&? hati‘dggﬂﬁfmhamh;mlhstmm?sf pawafer 161 is
161. e de o] e cavi , e 0 e
pPiqvided Wtinenenion] SBSELE K bF RO H‘Qﬂfeﬁ%ﬁ giijals o cxample
g*l'!nglt QL NRLtad §$11f‘°rfcﬂﬁd}f§t90tr,r&gﬂxﬂ9, &6 A hedsveRdsiriee bf Biemechanical

e sensor wafer. and t he additi onal ) e .
f substeate hasrhsbe prafiesl o) sepfemivay 8t thecayifies Kagnfor agegpting the rigid pins
ridoes 16894, ; lgdnds tdaities 172 and
p?%gaf%ﬁo Y g'gﬁﬁe&%%x g‘% é’l‘bu%?ﬁv\% e\il\er/a e?sgg ué}r?’és @o%éded ’ e o
t agétehof trtvichbs blnalomywith therathdr déSdned Thice-statctrdl glemsais could be

be.either different kind of adhesi r. sol , :
o BHRFA AL P S, WA (Y L SRGoRr PR Bhdry T mechasica
b&inueRe id AlignsivEh She stRsorividiéraRd gakthae bera st go 1162 the ghities 166 in
be separated fromeach other at the substrate |evel
by the conbination of slots and bridges 174, as it
shown in Fig.20b. These slo 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



[00871I't should be understood that the
m crostructures of the die, structures of the
fnger-n1c$ Linge; guttons and mcro-joysticks and
of their fabrication do not limt t

‘W?ﬁ%%’%§q but only illustrate sonme of the 52??%§2ﬁmmﬂl
techni cal solutions covered by this invention. Wile
the invention has been described in detail with WO
2007/ 081883PCT/ US2007/ 000411 reference to preferred
enbodiments, it is understood that variations and
modi fications thereof may be nmade without departing

fromthe true spirit and f the i i on, .
[ chhh@méfsebs@gtmh ahiq Pty kB, F%‘ﬁ’e‘rﬁégﬁ‘g?@iﬁ% of the pin 134 and
o Sct!} c%geg é\f fh b5§c§9§ ClatehiQl B4l 1iNbge@Kbr Me@RRme Se gap 165 between the

killed in the art, having benef
Offratrigiof thzmseasnrwmfar W9| dndethp ndstiticnak farpestrangtorens clement 162. At the
enbodi.nents c

t FEDE Bpp &idges egq e etVnF %Fogedl\@é h 1@ gd %@ﬁlﬁhsﬁfﬂme next step

i'on as |sc osed herel n.

aA$RE HWaferhrettdradéd ﬂgﬁh&mﬂ«wbbﬂndﬂr@mwpa} B lﬁmmﬁﬂen@l can be either

foll
CE q%qv_a\;t \Tq%g?oe faéﬁ%s?xgs r%aoeia d grho prga%ena creahgé E@Ong and rigid bonding

between two wafers. The individual elements 162 might be separated from each other at

the substrate level by the combination of slots and bridges 174, as it shown in Fig.20b.
These slots and bridgés are fabricated in the mechanical substrate at the same time, as the
other micro-structural elements 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 batch-manufacturing manner for forming external force-transferring elements, as it
shown in Fig.20c. In the process of molding thé material 176 the external force-

 transferring elements this material will go into the cavities 170, 172 creating strong and
reliable mechanical connection with the additional force-transfemring element 162. At the
same time the small gaps 165 and the ridges 168 would prevent plastic. material 176 from
going into the closed trenches 131 around the pin 134.

[0086] Is should be poted, that the fabrication of the devices, according to this invention,
' on a common substrafe carries inherent advantages from integration with other analog
- and digital circuits, circuits which provide but are not limited to analog signal
amplification, analog—to—dlgltal a:nd d1g1tal—to-anaiog conversion, multiplexing, signal
processing, gate logic, memory, djgltal interface, power management, encryption,
compression and decompressmn, mixed signal processing, transmitting and receiving
wireless signals, semsing components of other than force physical domains and
combinations. |
[0087] It should be understood that the microstructures of the die, structures of the |
finger-mice, fi ngér buttons and micro-joysticks and methods of their fabrication do not

limit the present invention, but only illustrate some of the various technical solutions

covered by this invention. While the mvennon has been described in detail with
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1. A three-dinensional force input control device for
sensi ng vector forces and converting theminto
: electronic signals for processing on a single
VVS#@ aLe conprising: a sensor die conprisiag/esheovwoel
s erring rigid island, wherein the sensor die is
sensitive to a magnitude and a direction of an
external force applied to the force transferring
rigid island within the sensor die, and wherein the
sensor die further conprises an elastic el enent
coupled to the force transferring rigid island, die

frame coupl ed her of . the eIa tlc

efefense 10 d’rﬁ?@ﬁ'{gPﬁP&?@F‘%t if 3 nderhg 1ih\a}e o %grésﬁe ﬁl%mﬁcatlons
oﬂ’nefeﬁﬁn@} BSihhde $HiRRh et fPiR tHe.trud spight sadrape of the mventmn.
processing | C coupled electrically to the substrate,

{oossxf‘er el fhedlbreC WHIR NS Blentibf RENREE ddbegibad Qwﬂp rréEEéi:t to a limited

thin a S|n 'e sem conductor substrate. 2.

* meket o eprbo diorals, fisse ekiflehin thecwts paying éweé'@ OF’ dis invention, will
sen5|n e [

8,58y SRR % BT lipa o o sope o
Cm‘éfimeﬁﬁoﬁ hedisaosdrhetéin, Ot aqaelmmfahe fnyewion will be apparent from
transferri el enent, perceivi,ng.the external force
W&ﬁﬂFBVWﬁ&%SHWFEH§ﬂ %Wam%@ t S‘external force into
the rigid island of the sensor die, wherein the rigid
island transfers the force to the elastic nenber and
is detected by the stress sensitive conponents that
generate a conbi nation of output signals dependent on
the magnitude and the direction of the external force
applied, wherein the external force transferring
elenment is made froma material, that is applied to
mul tiple sensor dice in a batch fashion, the materi al
bei ng sel ected fromthe group of materials that
i ncludes one-or nore of: plastic materials, elastic
materi als, rubber-like materials and conbi nati on of
plastic materials, elastic
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materials and rubber-like materials. 3. A
t hree- di nensi onal force input control device for
sensing vector forces and converting theminto
el ectronic signals for processing on a single
substrate conprising: a sensor die formed within a
singl e sem conductor substrate; an elastic el ement
within said sem conductor substrate; a frane forned
around said el astic el isaind coupled with at |east
| part of the periphery of said elastic element al
“What\d ¢lfimedishe substrate; at least three mechani cal
stress sensitive | C conmponents forned within the
sem conduct or substrat.e and |l ocated i elastlc
1. A #rendimengigal farea/ingitrgnielsievies (05 SERG ‘L?F{ Y A

ccmm%)r{1 ecﬂﬁ%% iftb @iecﬁ&lggﬁhﬁg W&%Poc&éé&@& & ﬁlngleubsicam campring:

conponent's; | eas

| oraepdbrice acmprisi arRaET BT g TG e WL & Bl e e

one ri |
ol enem%élgsgl tt(?g‘ri:n%nﬁi@ﬁnd Sdicstio @fdanmmdnnaufmc@aa@m@

Gl act 1 besdmOSRTTTRRIG PTG R e i, SR pERid (e
' m: ; Et gg,?getr ﬁfg frﬁﬂtﬁéi'tcbrr@ﬁi;es@aﬂ@aﬂtlcslemﬂaat qoum@rterthe fore
|
“differ @'ﬁﬁ@ce%‘ég\ﬁﬂgjdg?'i‘é dfequd%ﬂ% %ge(‘%? tpgﬁ%%@gfntge gﬁsm
t he el @ﬁphﬁagfﬂ &8®B8it, a piuralidy ofﬁllress‘ sEneiEve perORONgats e n

Fr om ey SRS RBPR Ao Ty i T BPot R C ehied opmAsly

ger nanityife sibstratén car bi de, di armndl i ke carbon,
e L St
Per i odiggbdtedie.e. ,
2.A three-dimensional force mput control device for sensmg vector forces, as in claim 1
further comprising:
an external force transferring element covering the sensor die, the external force
transferring element perceiving the external force and providing transferring of
the external force into the rigid island of the sensor die, wherein the rigid istand
transfers the force to the elastic member and is detected By the stress sensitive
components that generate a combination of output signals dependent on the

magnitude and the direction of the external force applied,

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

materials and rubber-like materials.

3 A three-dimensional force input control device for sehsing 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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5. The force input device in claim3, wherein the

el astic elenment in the sem conductor substrate has .an
annul ar or n-sided pol ygon geonetry wi'th uniform

t hi ckness small er than the adjacent frane el enent,
the rigid island element is located in a central area
of the elastic el enent. 6. The force input device
in claim3, wherein the elastic elenment has a

-uni form Lhi fid chliSled witic 6t AR phrtdEmeCe
aframeh O ?ﬁogn e%égﬁé%ﬁment st cﬁgl ement conprises at

l @aﬁﬁh@ﬁ@f spieresestigielepnent All MRIN A RRFELS di mensi on.
e h@fSmebwiithireth
at leae‘btmﬁe aeqhs L g?l SPB%% %&gxl{elé:g?diehggdr%onc m r t|I b el J—
| semiceddinorshstetasnd Ecapdiftie elasie ﬁR‘/‘? rﬁg d Qe
sel e‘t:r{cgfjcfl{tiglﬁ %ﬂ@g LR tRhasb dRehatied Siredsiimthe Iocation of the IC

groove, trapezoi dal groove, groove
vvlc.bmpbh@’tgl dewal | s form ng an angle of "90 with the

at le Péﬁ@? Qfant BRnflinefAna@ M the semizondictva sulestrste;, Heras ifast one
?aWtslgiié!g;plgﬁnlaléitalétﬁl%lwlce hlgnr?é%tig SFm%HE\ %gf té%@%(r:s an external
f %H%oﬁfo%e% %&é&aﬁl&@@ﬁerﬁ@h& ittsbigigo e ICaT0mPOpgItE, mh

sem - spher e, here, faceted cone, faceted cylinder,
falf@tl‘éﬁje'g%tﬁﬁ’alg fREE$9N8lacet ed sphere and conbi nati ons.

wheré:ﬂ thel gt Ff fhe riglmutanal S\bigmr irandhedifferance pgtwpesy the
r|S|ngar£ﬁ‘q i gm%m W th at |east
oﬁémﬁﬁs%ﬁ?fft%‘? G a8 Qs rom a group of

non uni form ties consisting -of cavity, trench, hole,
[ e BE b sﬂu@gt?étéiéem d
oSttt £ Wit o e
from |nfht&iaiﬂsélbc&ed frmmtﬂmegrouppf;.sahgcpmgergnagwm amon -
L he g Hide, Iaad Eiegrietits from I, IV
like qa§t|>‘ @1% éé\/é]eﬁllm Mﬁi%%dlhm &@sﬁ

re the spring elenment is selected
and ‘f/rgamp"shethgmpdloﬂ'abiprl ng el enents: spring, thin beam
wire, elastic plastic button, eI astic plastic stem

elastic plastic rocker button nellk
5. mhasmmeurgomewnetnhcimﬁdw%@r‘ Yl SEEM) 5‘3‘%‘ %8&%5%?%10;
subs Hﬁg l%@ dnrbn\%%porl A-GHbd pol%@ﬁéédﬁndﬁ@&hm uhifbrirettiicingsls sgaller

omer1c button or cQ i ons
thanitimpadjackey freee plemanktig Boid fstﬁ‘r\% ‘T‘m%r‘?pkl’gastmn@eaaéﬁ%&&earea of
the éf&%c%‘ sensitive | C conponent selected fromthe
oup stress sensitive | C conponents:
p| ezor eS| stor, pnjunction, tunnel diode, Schottky
6 OfiR%6rce ﬁﬂﬁ%evﬁélﬁ%&lrﬁ srwhereintthe plasiicosiensenttiag @ non-uniform

Wheat st one bridge, MOS transistor, conplenentary pair

thickpSEMOS transi st ors, bi pol ar transi stor, pai r of

p-n-p and n-p-n bipolar transistors, bipolar
transi stor and at |ea kit SRIDASS 2 (hast
7{ e iprRdmRLE 7 ICW‘W%"“R%"P“‘% EUEEk R °

sistor an [ east one
one@bﬁétﬁﬁheﬁIlrst'@m;oknmse:ﬁmedsmro transi st or, bi pol ar

fransistor circuit, and CMOS transi stor ci r-cuit or
conbi nati on.

8. The force input device in claim 3, further comprising at least one stress
concentrating element iocated on the elastic element and having a shape selected from
a group of shapes consisting essentially of V-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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13. The force input device in claim3, further
conprising electronic circuitry which provide
functions selected froma group of functions: anal og
signal anplification, anal ogto-digital and ,

di gi tal -to-anal og conversion, multiplexing, signha
processing, gate logic, nenory, digital interface,
power managenment, encryption, conpression and

9 iﬁe‘é%{ 655 48ee M 3@91 $ kR cd?ﬁﬁ@mgsbwsrahd er@mnr dfishape

ecerving wreless si na S, sensing vagl

seleqtyfsine argmmrmsh@astqawsttrﬁaaﬂ cenh EINGSIS 'rﬁﬂhﬁ%?r F%*heée

h PUdcetlRNder@-spiiere | fatai@dBspHers adecombinations.
facetgcito f;ac%tgﬁgzﬁhdd%dl tional ri 8. d force-transferring

elenent connected to the top portion of the rigid
10 ﬁJe%ﬁ‘é %Elt vi?;\é' ifll chi bi AR compfisioga dgidaslambelemer wibst

|s and for better con
castone PR solpR AR £PBA ST GnoRanie s tofiypthat saviy
trenqﬂf h&l@ EnchafideC bRIRTBAHiIdvEn aTdahus negative sope Iaed por@bldatlons
l'and and made froma material chosen fromthe
gr oup of materials: plastic, netal, sen conductor
11. TR BRleGnpud idhce inrthivahirthart aomprlelhg Bispriadelpment couplng the
The force input d vice in f bisktBg
externgl veater foir?ﬁwtﬁﬁ ne fig éFlEf"greéem ran éegrhre i S{‘%S'Eﬁﬁm%

from@RIGIBGH SFbpking Eleeentsn springt himbeai, wire. elpgicPiasi huitpng gigstic
plastfce%%ﬂ a@@%aﬁ’%{ﬁ H%k SLkBE yspﬁrQEhHe i&lﬁur@eél Bﬁi&'déﬁre with

ensr n
mecﬁé?fdaefeaoﬂsui:kngaélmtshelhﬂleanmvwm equid, @!asp@atgsqll f@%wg@ g¢hhe

res sensi Lonponents generates one or nore
e'as@f“&ﬂ% anocrr é@%?‘@gﬁ on of electronic action. 16.

The force input device in claim3, further conprising

B _ 1..2 -@%ﬁﬁ%g '{ EJHP@éi‘JcteHh Qlafin %Ofuﬁﬁértcfoﬁﬁﬁérﬁ% hild¥@t GheestRIst sensitive IC

e top portion of t id sland )
combansithslactit! from Hast oo P §tiess TSGR 1S cbmforieals” pRAcre888r. pn

g ffidaed fbaesirReys stfedk chmpbresit, Ipingotdsstwe
Junc{rcfn ﬁﬁﬁﬁel 09‘{ eﬁg’%ﬁ&g(%d for ad%l tjonal. Wﬁg %ﬂ%rstors brpolar
Whaategmedm@g@ﬂ\@%éﬂaﬁﬁﬁtm compipmeqiRy PRy Sl v
tran%iét E}:uf’of R ta{?ﬂrn—ﬁﬂrffﬂidtéﬁ‘ltrl’agsraorsl grlpdiartranstrstor and at Ieast one

or ransferring ele connec
piezpresigion Coeeiedin Ea%’r' PN EPR g %F Irerg’{%tg&'g préénzg Lég'smr
conr?ec?éi‘ﬁ@ Gafdistor, bip@lar Waﬁehsibr, cieligtead GMQOS kran$1$iore¢u1c@|@| or

mushroom cone; and where the rigid
CDmP@Fwﬁltransferrlng el emrent has at a surface at | east
19 NPeebeamRLL dervmenwlang 3 aft Hiericompysing elpptmmrgcsfcgmagvr@qjhe
A s S L adh tigh Canalog-
rou S PR T LA GabHE o R i
to-d\@hﬂfa‘ﬂd idhfaletb-ahalgtcoovesieh enuiitening, sBalaRoTrYRY 693&'188'

merg%m,tcr gl%&gter%ﬁﬁ %gv n{)lm%g%@}ér%nt f&?k@,ptm%amgfé?g@sani

i nput .
decélapriession, mixddasignag profcassings trageRiEing end &%'%“t"bﬁligss signals,
necnan AR F8tke BRY Sorfifinatione. i gi d
sensigg &?{E&’“ggl“f%cragg&%gﬁsth%?rr ng el ement coupl ed with the
rigid island, a spring el enent cooperated with the

1% i ﬁreqorcglrr@ufdeﬁé%mt&’fm@ fiffBer corddlising 2@ additioeal irigioderce-

, wh th b
o LSty FhGR I PR Piepeeo
surfggé%reﬁ mt’a% Jﬁe to%@?%'ieengnﬂ |sfﬂndﬂd>ra:teﬂer @minectioe vathranaxeemal force-
corrugat e

surface, st

trangismisigrRRMET for Profectign@ tP% PE@"‘? ?1%"{]? "E%r‘f tg‘gg}“%rbg fhs rigicyisland
further conprising a springy shell for nechanica
feedback allowi ng sensing a click of a pressed button
and generate signals for a@tivation of electronic
action and nmechanically coupled to one of: a button
cooperated with the rigid island, a
force-transferring el ement coupled with the rigid
island, the rigid island, the frame and a
conbi nation of two or nore of the button, the



21. An input control device for inputtin [
representative of an applied forcepinto g Srggggz:ng
system conprising: a sensor die conprising: a
substrate; at |least one rigid island el enent formed
in the substrate; an elastic el enent surrounding said
at least one rigid island elenent within said
substrate; a frame surrounding said elastic el enent;

an _ e k
and fﬁ;&r&é ﬁ%gérgﬁaﬁ?lgﬁgﬁgg??g@ﬂ of @etEdsi plasticemstabst r at e
_ ( ) _e_gqg&% and responsive to
semigntioster cerppid, elass and eRININFON;oE fiéfit; at | east one
force-transferring el ement coupled to the rigid
island fornmed in the substrate, wherein a:forc8
154 forse innut dEMCT B 3y ?re?q"?m'amglaer?e%'t oS 158 force-
| transtegrﬁ'!a éS%_S |§ﬁ%@§0§%c§e{]&om’r@ﬂoﬂ _pbﬂibanﬂfhamigidtisigncé@i}d_ cooperated with
_ _the elastjc el
a springe shell fPagehapise! f?ﬁ%ﬁﬁ[&%ﬂ? gg%br}}ghaagﬂgtg?% E@gg% Ib)éase
Co"egﬁtg\d.’@dmgﬁ ga,@nm}aaéf gndelamsn? bfthe sspesrrsesitive ICHOMROPRYS
, .esen : f
genekgigs PnERr Mg S%f‘gllsé%[sa{%{%arﬁ‘ilgn 8?%%&?08%%&%% c:(ljir fec oupl ed
ggetgﬁeg:rleast one | C conponent, where the at |east
\ tronji c. circuit ' j i iqi
1oy B Giserrei dode i GH  STEE ESRpilh o diinal 196 T e
transf h@l’ﬁ_eﬁtrboﬁuéqueu tostheytel poptianyst ihe igichisiand ape, eting qgitionl
cavit@gﬁfﬁchge% gﬁiltps %Rgh{l&s dEVdHeP a@iesfonafofprdlactifgihk eestic
_ east®one spring el enment coupled to the
clembal A for atitoealmhegasicalryaHoaICSER A di ng a | i nk
bet ween an external force and the force-transferring

el enent .
17. The force input device in claim 3, further comprising a rigid force-transferring

element connectéd to the rigid istand where the rigid force—trahsferring element has a
shape of; ring, washer, plate, stick, inverted mushroom, cone; and where the rigid force-
transferring element has at a surface at least one element, improving adhesion or
gripping force due to an intermediate adhesive layer between the rigid force-transferring
element and the rigid island, where the at least one element is chosen from a group of:

negative slope, cavity, hole, mesa, bridge, cantilever and combination. .

18. The force input device in claim 3, further combrising a button mechanically
coupled to one or more of: the rigid island, a force-transferring element coupled with the

figid island, a spring element cooperated with the rigid istand, 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 and combination.

20. The force input device in claim 3, further comprising a springy shell for mechanical
feedback allowing sensing a click of a prn'essed 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 with the rigid island, the rigid island, the
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23. The input control device of claim22 wherein the
output signal is proportional to an amunt of

_ defl ection of the spring el ement. 24. The i nput
control device of- claim22 further conprising a
button connected to at |east one of the follow ng:
the spring elenent, the rigid island, the
force-transferring el enent, the frane or conbi nation

frameoén r%s\ﬁgorﬁ’i%u%%P & Rl dritorS Iof ih'égauﬁbr? @lw\forceitm;sfdr@gcuement the

orce-transferring elenent, and the
rigid slaadend the fran®5. The i nput contr ol devi ce of claim 24
wherein the button is a force transferrlng el enent
and a spring el enent.

21.creninppd corfitrat Henies fg&mpm@g g,sign@H@pr]egerg werogﬁg]agﬁrled force info
a profb &I lysteh Anphsig element. - 27. The input

evice of claim21l wherein at |east one IC
a sensonye veMPridtpri ses at | east one of: a piezoresistor,
asu@;hearjunctlon a tunnel diode, a Schottky diode, a

stress co onent |
ot et PR BB AR ErCES G oS amant ary payr of

an et@t’i@%léme’m SUrfduPBig sarc&m Redstond rigahisiapd elemeat pighin saif
p_sgrl_l?pr n-p-n bipolar transistors, a bipolar
tr §‘i§f"or and at | east one piezoresistor connected

a fraﬂh@ shir@itgiingtsard, elastbiBntergridst or and at | east one
at leqs,t grﬁé {Cgc?%%og%?@gpﬁe%cﬁ ﬁge éu%&f\é%%ﬁh fcSfed A the ALY element

transistor circuit.
28andABsponpive ta:@furce)appdiedtmféaefemsf@ elpiert ng a si gnal

at Iegsg ggg el ﬁ%is}lgm%e!%eﬁ%ugl%q & MeGRid i9hAd Prinke FEME ishigstrate,
ens le conpri Si 9 ?

S ublsére:ataefprce applied to the force—transferrmg eiement is fransferred to the rigid
island and thereby transferred to the elastic element and detected by the at least
one IC component, such that the at lease one IC component produces in
response to the force applied, a signal representative of the force applled and

at least one electronic circuit coupled to the at ieast one IC component, where the at
least one electronic circuit receives the signal representative of the force applied

and in response produces an output signal proportionai fo the force.

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

external force and the force-transferring element.

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

amount of deflection of the spring element.

24. The input control device of claim 22 further comprising a button connected to 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 spting element, the rigid |stand

the force-transferring element, and the frame.
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at least one rigid island element fornmed in the
substrate; an elastic elenment surrounding said at

| east one rigid island el enent within said substrate;
a frame surrounding said elastic elenent; and at ,
| east two I C conponents forned in the substrate and

| ocated on the elastic el ement and responsive to a
force applied to the elastic elenment; at |east one

25. Itrg{a ﬁﬁa{ ?o%%lfa%wc'e%g (GG DB R e pleastitbiistaterceitginsferring

_ esubstrate wherein a fo
elemaphd edpting ¢léereeftor ce-transferri ng el enent Isrce
Hans;erreg to the rigid island and thereby
ansferred to the elastic ele t and :
26.The irgut castrot davige of Cai A ISP %ga%ﬁ'*ﬁaﬂgf?;’@ggﬁﬂ??y’tsﬁ e
sprm?%l L,% ast two I C conponents produces, in response to

ofce applied, a respective signal representati '
ive
of the force applied; and at | east one electronic

27?’2}%2%&; B o Wedlcd o dikie Atwhesain tit kst ohe | owpRANSHE GOMRSISES
at leaghpng &ga plgg%[g tg?léasqrhg é“%%‘e ga%bél\ﬁ%d@f 5b%otkf HeBe, a shear

one e ectrohic

stres§ ggrglt%r{eag %?égéirgﬁésggri’wmﬂmwggﬂgg; ggﬁ)@@ frenysfal 2t o at
complgm g)& B ipo) Pla pAUFRSEN A hiph
blpogifmﬁgggf wdrltmtl;ggoi g:maﬁ;t Ieasﬁ one? gEazoreSIstor connected to
fransistor, a MOS transistor and at least one piezoresistor connected to transistor, a:
bipolar tranSIStor circuit, and a CMOS transistor circuit.
28. An input control device for mputtlng a signal representative of an applied force into
a processing system compfising: ‘
a sensor die comprising:
a substrate;
at least one rigid island element formed in the substrate
an elastic element surrounding said at least one rigid island element within said
substrate; '
a frame surrounding said elastic element; and
at least two |C 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 sbup!ed td the rigid isiand formed in the substrate,
wherein a force applied to the force—transferring element is transfefred to the rigid
island and thereby transferred to the elastic element and detected by the at least
two IC components, such that each of the at least two IC 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 Ieast fwo IC components to receive the
signals representative of the force apphed and where the at Ieast one electronic
circuit produce an output signal proportional fo at least two components of a
force vector representative of the force applied to the at least one force-

transferring element.
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29. The input control device of claim28, further
~conprising at |east one spring elenent coupled to the
force-transferring element and providing a |ink
- between an external force and the force-transferring
- elenment, where the output signal is proportional to
an anount of deflection of the spring el enent.

29. The input control device of claim 28, further comprising at least one spring
~ element coupled to the force-transferring element and providing a link between an
external force and the force-transferring element, where the output signal is proportional

to an amount of deflection of thé spring element.
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