THREE- DI MENSI ONAL FORCE | NPUT CONTROL DEVI CE AND
FABRI CATI ON BACKGROUND [ 0001] Field of the Invention
wQ 0@0A3188he present invention rel ates general | pCT/0S2007/000411
sem conduct or devices, Mcro El ectro Mechanica
Systens (MEMS), sensors and nore specifically to three
di nensi onal (3D) three-axis force sensors integrated
wi th signal processing electronic circuits on one
substrate. In particular, it relates to three-axis
finger force sensors, finger-nouse and m cro-joysticks
for consuner and ot her applications. [0003] Background
[ 0004] 3D force sensors based on nicro-nachi ned
THRERDEMENSIONAL FOQRGEEBNPUE CONEROLDEVICE AND
fl exi bl e di aphragm are_known. Prior_art shown in
Fig.l, uses a sensor dMBRICATION rigid frame 12 and
rigid central part 16 of a die, boss, connected with
the franme 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 diaphragmel enment 14, reaching
the locations of the stress sensitive |IC conponents
18, 20, 22. Because the rigid island 16 is |ocated
wi thin the thickness di i die 10 and the
wi dth of a circular dﬁ%gﬁﬂggﬁ&P Il and in the
sub-mllimeter range, it is very hard to apply
external forces in lateral X and Y directions to the
rigid island 16 to provi de good response, and hence

[0001Lhei r F’i%ﬁiéﬁh&ﬁ'{%@ﬁﬁtﬁi ned from nmany consumer devices

nd interfaces.|[0005] In order to resolve this

o LA AT ok i
Thileshanical Syéteme eMAMBY, fsefigord) gnde i BpecFichlly so fthiegldymensional (3D)

coupled to the rigid island 16 of a sensor die 1Q |
tthrescyis iforce repaenra iatepepied, 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.

[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
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 consumer devices and

interfaces.



This extension of the rigid island height above the
die franme thickness enhances sensor sensitivity to the
wappiogssyect or force in all orthogonal directPCHES2007/000411

These conponents of force are transferred to a rigid
I sl and of the sensor die and then to the elastic
el emrent and sensitive | C conponents. [0006] However,
t he di sadvant ages of these kinds of solutions are the
requi renent of additional wafer for the rigid
force-transferring el ements, additiona

m cro-machi ning, aligning and bondi ng two wafers,

[0005hor e cI@rq@dtirdgtr@s@l\@rtb@ebﬁcr@ﬁcmpsxdafpmgtrata\sfeérmg dnmehfeﬂ is added to

R SlraBIR, BERS! &l L WEGIE IRk Bl Rk Rhtfiing lgment 31 is

clagily @oupladrd ad rightl RidnEsoff @@éns;bfe dﬁ:Sl(Wﬂh'bugiﬁ intermediate layer 33.
prOV|d|ng an easy integration with the higher density

| Thig pxtension of dhe Beid; island deight ahave the dzoBuse/thipknesy gahances sensor
psfeﬁs?ﬁ{?ﬁy 'tc{%%rﬁpgﬁgd %& ! ?o%@esmaalf E‘{tfr‘ ghln&‘ 4i9RG ! THe gé &Smponents of
input control “devi ce or sensi ng rces an
cﬁ)fbeeuré tragsferheinol antigidaklend obhe Gex&;log dizl amdfthen for the @Rsiidi@lement and
in a.electronic signal processing systemwth all '
d@ﬁ%@ﬁ%ﬁf%OWWﬁqﬁm§ a sensor die fabricated fromthe
singl e sem conductor substrate. The typical device
[0006F onpr |I§e‘ge@r,séwsdjsad}f|aetag@r ofcthesd kinds of sselutionswize dire requirement of

tra st4c wi .t hi
aéﬁfsﬂc?&ﬁé g rf°§d s field g”"gg?’}%%‘“% &T‘?Pé?i‘t%r”é&ﬁb"“&&r"&cw‘ma"h‘“mg’
edligfinioCand | boRBIM tH60vATerg P ﬁi@r%dnﬁblﬁhteﬁ?ﬁ@des@@f depfatihf Bice from the
peri phery of said elastic el enent al hi n tﬁ
swiafer angt generally panere eﬁmrtséferfwvaﬁp@mocg&w ess sensitive
| C conponents located in the elastic elenent for
[0007br ovi dWhgt &l rextled aead dwtqfsmmsiegneﬂ sosproffabti¢atioal anklananufacture as
nechanlcal stress in the cati.on of . the .. -
VbR Hpwyding: an ga%y lrs?séatmngw&ﬁ & A< deisiny 1€ pipuipy on silicon
| Qbdthge Substrate and coupled with the elastic el enent,
this rigid island transfers an external vector force
[0008f° the elastic el enent and through the




| C conponents which provide electrical output signal,
this rigid island has a hei ght bigger than the .
wao bdocksksss of the frame minus thickness of theP€l/asS1007000411
el ement, at |east one spring elenent coupling the
force-transferring elenent with an external force and
at least one electronic circuit for processing out put
signals fromthe mechanical stress sensitive IC
conponents. All elements can vary in design and
material in order to realize different aspects and
advant ages. Several nethods of fabrication are
di scl osed, with a typical nmethod conprising the steps
of providing a sem conductor substrate having a SII dCe
one and a side two; fabrjcating stress-sensitive
conponents and signal prddMMARY C on side one of the
substrate; fabricating closed trenches on side two of

t he subisd pretent invention discloess  BFdE ditheRSbRAI F6ic8 Snput control device for
defi.ni ng el zfstl c elements, frane elenments, and rigid

i SEPsing Vecior dRtcRe end gonyeréing dpen dntooplectzandc signelsi fog processing in a

S S BB B T ARG WO Wiy e s

tﬁmnrthglsﬂnglslsamabqndmﬁom subsgrateut Thae dypicdndeictecdmpriaith sensor die
rg an the renaini t hi ckness di nensi on of the
(PEREl WillGE stREondiaRnsaRuat, on dlatie f‘éf?r@mtnwthmm semiconductor

téﬁﬁstfdtéi'adfré.rﬁé ﬁﬂ'ﬁh et s ﬁ éi’ééh%{e%efnf lesd %Zﬁéﬁ%&st part of the

for COUp I ng wthexter na force trans
menpb¢ryr0écse1dwlasg1ceel¢mcmaﬂl wiktigih ang s:ﬂdstrﬁte; steleaSt mhr@8 Ynedhshical stress

i JE e B B S it o
aighl sJ(}ﬁop&twﬁdl 't@ttlheorﬁeé}ﬁﬁlcﬁlaﬁfek §ﬁﬁtth@ Eheati AP 66k rIé%SHl?éreler:nts, at least

on Si two of the su stratevvlt hin a die area f

OBRpigid esia:ubpl@@pm frgmed dn ethei substrades kind go iy withnths iettatic element,

hot ol i.t hegr aphj, cal | .d finin
Rl BRI B Sebiby BT f Bl STrnaiala Frough
Elﬁd:oﬁfppﬁér&& whirhdhreeide é%ﬁﬁ'i&@ﬁeu‘cﬁlﬁ@i@ﬂaﬂ GhiSBd H&nh"l‘ﬁi@ﬁ geight bigger
eI astic elenment and separati ng di ce trenches an

é}? f dhicknsss phthe frammmdnugdhickrsse bl theeelastio elanaeng, 4t deast one spring
et 3Shpifng the force-transferring element with an external force and at least one

electronic circuit for processing output signals from the mechanical stress sensitive IC
{

components.

All elements can vary in design and material in order to realize different aspects

and advantages.

[0009] Several methods of fabrication are disclosed, with a typical method comprising the
steps of providing a semiconductor substrate having a side one and a side two; fabricating
stress-sensitive IC components and signal processing IC on side one of the substrate;
fabricating closed trenches on side two of the substrate, the trenches forming boundaries
defining elastic elements, frame elements, and rigid islands, trenches for die separation,
and removing additional substrate material from side two of the substrate in the frame
area leaving the dimension of the rigid island protruding outward from side two and
larger than the remaining thickness dimension of the frame minus the thickness of elastic

element, leaving the rigid island extending outward from the substrate for coupling with
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el ement and separating dice trenches areas to a
sel ected thickness such that the cl osed separating
w0 c@nokss3 provi de the shape and thi ckness contPCF/ES1007/000411
the substrate for separating the die in accordance
with the defined pattern using | ess substrate and
produci ng | ess wast e. BRI EF DESCRI PTI ON OF DRAW NGS
[0011] Fig.l, shows a prior art 3D force sensor chip
with rigid force transferring island |located within
t he thickness dinension of a die and additional force
transf rrln ment con ectetdtotheto rtion_of .
¢ RETRG Forer SR RIEOHBPiE o 1o TRUURE HOBD MAcRAiCRl darees in any
apad ReHireEonk & VRebva oﬁgﬁﬁ ®f %ﬁe‘kﬁﬁ%}rﬂé frofdad R@n% Hging le%ment can be
m cro-constructive elenents according to an enbo
ofloneay selestizmetchingent i on. [0013] Fig. 3 shows the
principle of a 3-dinmensional input finger control of
di ffer AnVarfauinutfoD fesbricatitgacidsduetrehctes/ o sitle twoesfoth Bubstrate within a

rce se dieis gnnept ed to the ext er nila button

P asp 1 vy af CAPFISESc BeROSILIGgProtecliye imapking. daver Sfepide two of the
a [ [ o) .

hﬁsg,%tglg Pﬁ%%l?%lgﬁipﬁac‘gﬁg rgi%i’iﬁmguhéra g(ﬁ:@é}g fd'fgfgg Ct?%l !g ?ﬁﬁd élastlc element,
dénrme andoseparating dilwgtremhaﬁn lembmnhgrmaﬂkmg‘ laybe frprxeelasthc element and

| R e Mt A hscting SRR Boi S0 b, S e st in the elasti
etRfieM®BId Sepathtin@ndied frekdhky a&@?&?ﬁts‘%@cfe@ thﬂ:ﬁnés%rs‘&@h that the closed

sensor die in accordance with an enbodi nent of
p$eé>§@ﬁt1g| wenehies dﬁOVIFG(ﬂJS]ShIapg ang thickness aortours iri aihe substrate for

R 0B i o B s I S s

ebﬁﬂaﬂhg&ﬁg“@gﬂpr|3|ng a tactile sensation nechanica
feedback for sensing the click of a depressed button
[0010§ 1 accordance with an embodi ment of the present
I nvention. [0016] Fig. 6 shows an exanple of a
Joystlck type finger force control device based on a
el astoneri c protrusion body spring back defornmable
el enent directly coupled with the




rigid force-transferring elenent transferring the
force vector to the sensor die nounted on the

WO nioeosmsss at e substrate die in accordance w t hPERUS2007/000411
enbodi nent of the present invention. [0017] Fig. 7
shows anot her exanple of a flattened head joystick
type finger force control device, where sensor die is
nounted directly to the PCB in accordance with an
enbodi nent of the present invention.[0018] Fig. 8
shows an 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 ement of a force sensor die and enbedded in a | ayer

of plastic, ' ves as an_integrated button die
in accordanc%fﬁsémgﬂﬁﬁﬁﬁa nt

i nvention. [0019] Fig. 9 shows another exanple of a
flexing flat head finger force control device
conprised of a rocking elastic plastic button directly

[0011coupl edgl0stbwd Siptof B SH Fdr8d $dsbs L3S vﬁP?H%’Eit fﬁ)?ée. @aqsferring island
force sensor die and conprising a tactile chani ca
fleeatrdawichisrthe fkickness direensiontdfe diemndndditional forettiansferring element

zc%ﬂﬁé‘c‘iéﬁg tﬁ%eff)*ﬁ}%irt‘foa}l Offtﬁggi%%ﬁgl aé Lﬁsponsi ve to button

epressi on 1 n-accor danc enbodi nent of the
present. ipvention. [0020] Fig. 10 shows an exanple of )
(0012} nge&t‘%’: oM isoshetHa (rnddiosim e P fesae pmaor die and its major
RiickAGhsHhERe! f bl inventi
sfudtRfe éléfnéﬁggﬁ%g%cgggafﬁgan d¥hddirfedt of the : present invention.

force-transferring | conprising co

W th qi-ffer ttons fdepend] wi.th various design .
LSRR S Y T e e R

ifimotiohs @nharldOkEld Jdetices, wHers BPDMorédse@¥e WikeSs @bnfectd o the external

finger force control device with an additional
pytien for appbring thenfpres dweygh aimpring ks ¢laments alédwing @ontrol to achieve

' j depressed hutton in.accordance .
SRR At O xRy ER) ARG kel DGR 3o o deflction
Bt@rditg teavsvabadiniehest e pragtg itfenflod.| exi ng flat head
finger force control device conprised of a rocking

[0014]€! ast ipgy Bl hsts %Q&&&g{@e&. d ﬂ"&&tlb?é g&r:régﬂ? kiﬁgeg f%rc?encon}rgggeev&ce based on

addi tional forcetran ring e ving 1 nc
plasfomsticfioition divectlyecquinasted do bt tfame ardsaodipr inshdt@rdance 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 a 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.

[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.



a tactile nmechanical feedback on the surface of the
button for a tactile nechanical feedback responsive to
wh oy osusdepr essi on i n accordance with an enbodP@EDnE2007/000411
the present invention. [0023] Fig. 13 shows an exanpl e
of a fabrication process based on the |ocal etching of
the diaphragmfirst and then thinning the die franme in

accordance with an enbodi nent of the present

invention. [0024] Fig. 14 shows an exanple of a

fabrication process based on the |ocal etching of the
iaphragmto a certain depth, and then thinning the

d
[0018ii e f r Hige Sasbownini enamige exf chiflegingeflal hpast diggeraforengontrol device

S [ r it n [ f_t.he .
o P 1o PHER ARG Bt 0, SRAPLERIA B BB op ranstering
aelbmbhii 6fih iforte eAsRSdie ad athteddédiéh hdayr oftplistieg which serves as an
the di aphragm first, then depositing a nask | ayer, on |,
t W@ga@tsghv%@hélsa%ccgﬁ&newﬁh@niemhoﬁ’gnetnﬁ ef the prgsept invention.
etching die in accordance with an enbodi nent of the

[0019%r esentig Qvshowisamotled@RehplEicf.a flexisg dlas head Engerploseafontrol device

o AREHA B DPE e SR S RERY bt b B rc-rnstring
PElemeRtsTR Ridedhitlt 384 SAH SinpH sl Bl R InhdcBakiBdl fe&abliOh the surface
the di aphragm area and thinning the frame in

aelibe daiter fou a tactle sensasion meashargeal tfersibpelersspansive to button depression

i pvention, 027 ig. 17 oWs .exanmpl e of a

f@bar%lcéﬂg??cgn&%? %%lé@go%g%egﬁoéﬂe Bﬁeﬁ%gil?‘fegﬁg%f one | ayer

f maskin terial andt i t hqQgraphi c _processes .

[0020]) | o ﬁl@- 392&%@ % awlar%gf megr IR cenrql flfviqeebased on elastomeric

dj i pni 1 icesl.n ‘i

DKM URRNE QoL R HEl8, I Rafitirng island and comprising

i eonmactions . wifl0diZRtenfibgttoristdephndisg avitheveziops design die in accordance with

fabri @?Z}f'i ontn(gt cess nSased .on deposition of one |ayer

of® mgn ¢ PEFCUAYYSIHUE™ i t hogr aphi ¢ processes

allow ng etching an elastic el enent, separating . .
[0021] ; enchkig. 1 bshews pmgxamplethiardiat Amgenforee eonroh devipe withran additional

tfo%-{rﬁlsferring 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 force-
transferring element having increased bonding force to the plastic button and comprising
a tactile mechanical feedback on the 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 diaphragm first and then thinning the die frame in accordance with an embodiment of

the present invention.

[0024] 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



accordance wi th an enbodi nent of the present
invention. [0029] Fig. 19 illustrates additional steps

w0 poo7aksBrati on of an alternate |arger surfaceP€DUS2007/000411
force-transferring el ement, for providing stronger
adhesi on between the pin and the plastic material on
the top of the die, in accordance wth the another
enbodi ment of the invention. [0030] Fig. 20
illustrates another additional steps in fabrication of
an alternate |arger surface for force-transferring
el ement, for providing stronger adhesi on between the
pihe disphragm af fher pamerding im|acendance Wb a9 embedigeat ofdthe present
PERYLEH 10 additional force overload protection, in
accordance with the anot her enbodi nent of the

i nvent [ 031 DETAI LED PTI ON [ 0032 egific :
100254 w0 Fighi3 “BPVE BB SXATER ¢ oh AR EFIToRHOBES Gk POt Ipfal etching of
deeaiidphtd ffs‘eftﬁé&a ftdglahRaska A & !
[OOBé] I ngthle f ol oe\nlfbrslg; gt a?l eg&mascr% ptgll)%ﬁ&gﬁéand then thinning

e tisdtanaEbit efching dlﬁelnlanwdancg withrmemtdimenexitlié present invention.

details are set forth in order to provide a nore
[0026§ hor ouBig. Ubdshosts cardéxagnpdé of raefabﬁmmhlmacesé-kmmedm déeposition of two

be. apparent taq one of or skill in the. art
%{?rs "Fagbaﬁt%fﬁﬂﬁla et éagh iGyprosseses taklowdng etching a step
S
7 BRC Roriahial te ol dBhlbRChrel NGy M rakl Wiacoordance with an

unmbmhs‘satoﬂt;ae pespiticentioy t he description. [0034]
OBJECTS AND ADVANTAGES [ 0035] An object of the present

[0027] nvent ngn 177Ssho@s rmpwa%l@ 03 afaBB&HHoANRbcds® based &pu&posmon of one
control device for Iifit,i? vol unme consuner markets lik

cl@wr phoatkding meteriab Qﬁhbﬂi@gra@hlgmrmesw rHloaing etpbmg a step profile
[ B3Rl u@n plen ?Laggggﬁ'? L aﬁJ] %hf%x?%feﬁ} h %”&ie“ Iagcorgance: with an

provi Br featton
embodiment of the present invention.
[0028] Fig. 18 shows an example of a fabrication process based on deposition of one
layer 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

accordance 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]



3-di nensional force input control device used for
integrating in various functions in electronic
waelewrogss3 [ 0037] Anot her obj ect of the presentPCT/US2007/000411
invention is to provide a | ow cost 3-dinensional force
i nput control device. [0038] Another object of the
present invention is to provide a finger tip size 3-
di mensi onal force input control device. [0039] Another
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- dinmensional force input
control device.[0041] Another object of the present
invention is to provide a 3-dinensional force input

control device, WHERALEFIARESCRIPTION: i ci ently | ow

noi se ratio between X, Y,Z sensitivities. [0042]

[0032]not heSpewifie @inbollirkdifts RFQEE ThvdnR¥E WP RolSbd ﬂg%ﬁ)\éh% detail with
a 3-dinmensional force input control device, I C as

| ¥prencsde hpacsompansiing figurgs. [ 0043] Anot her obj ect of
the present invention is to provide a 3-di nensional

[0033_] or ce Innthatfoltewing aletailed idescriptivh iof lenbolipnetPs OHR SAvention, numerous
i nt eiﬁir aél onp with ?(H}Er sensors and CMOS. [0044] _
APSERE eé%Fe%F Sgt PRk iR DRoiden? e ithorpugth nadarstanding of the
ainYerfiofE N $loWRatr, fi | r | ’ i
scal apl e. [004!%]’ .lgnrvgl? hlbee?go ajr%gtq Bo?let ﬁ{:%‘ﬁ‘g"%wﬂf I}n the art that the
| IRyeiion gnay ke praciigedwitteoua ti®selspeeifsd detals. fioodeer imygsices, well-known

. device,with requir.ed,canbi natipon of applied

?fc%?&c’%ega%%edﬁ?ﬁ BeH g‘ﬁ?“@ﬁ%éé] d%ﬂg?fﬂ e?VO&’g juBBgcessariy, complicating the
pdes&ptionl Nnvention is to provide a 3-dinmensional force
I nput control device, which enables better econom cs

[0034Pf MRy ASEHE AN A VARITA8% Vol ume consuner narkets.

[0035] 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 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.

[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 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.



[ 0047] PREFERRED EMBODI MENTS [0048] Figs. 2-13 show
various enbodi nents of 3D force input control devices,
wa@lr@e/osnssy ost ruct ures and fabrication net hods. PAEs2007/000411
detail ed description of the mcrostructures, devices
and net hods of fabrication according to the present
invention are presented below. [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 major mcro-constructive el enents
re shgwn., The isometric bottom side reflection and )
(0041 o5 S@etepAbIPCLAlcE BreSRANEIOR is [ RIS %5151'"5.%9“611 force input
TBntfdl Edebfbehamith aitBorkmoRhbtes QUSEHHRENAD 1BWARDIE 1Bli6Btveen X,Y,Z
14. In this enbodi nent the elastic elenent 14 is
csensitiivitiesand acts as a di aphragm A central rigid
island 16 is coupled to and within the center of the
[0042]i aphr AgBthéd objelt GX thé hEdsk intintidhria enhrbdide ABa@imémional force input
Side there are a nunber of areas 18, 20, 22 where
neQifieph dewire syhiels Basdewgresswaxis sengiiMibnent s ar e
effectively |l ocated. The I C conponents 18, 20, 22 are
[0043] ocat ednothet bbjepiesfi thb presentf invérniodiis pd pryidead§ aimensidmal force input
a fra 12, an ectrical |l yconpected to contact .p
290m3%p! daviee, @%ﬁmmﬁw é?(te%%%mtg pthep RensaEs angd ﬁ'@@@
of a diaphragm This configuration yields better )
[0044] ensor Appthist pbiegt ofShe presertanysntionds KCpryidson dwlimensiomb force input

2 nal. C on the other areas of the
d?%n&%}ggvrﬁgaf@lﬁc%gasﬁ%?@ei n the areas 19, 21, 23, as shown
n Fig. The stress sensitive ¢

j 2a. 050 ents, .
10043 oy AROTHEr B e FERE MRS TOR OF o PR S easnal force input
ol ByiGEU sk i AEA of 1 RAdorEEland BEREBHI O

of
of the signal processing IC. These I C can be | ocated
t

o0aef" 12 ACKAOP 887 5 B\ GE  d oree o

even rea
Oforfitol @R9icsLMbidh ¥ablel MERE REGnOnScE oNMpadinultlcturdbitity tdrchigh volume
regul ar CMOS process, then any integrated circuit,
WEANSHMERMaRE!s abri cated with CMOS process, can be
integrated at the sanme die. In particular these
[0047] nt egr BREBERREIREMBODIMENTS

[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(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 element 14. In this
embodiment the elastic element 14 is circular and acts as a 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 IC components 18, 20, 22 are

located on the periphery of the diaphragm adjacent to a frame 12, and electrically
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provi de the functions of analog signal anplification,
anal og anal og-to-digital and digitalto- anal og
w@ewvesssdn, nul tipl exi ng, signal processing, PEL/ES2007/000411
logic, nenory, digital interface, power nanagenent,
encryption, conpression and deconpression, m xed
signal processing, transmtting and receiving W rel ess
signal s, sensing various physical donmains other than
force and conbi nati ons. [0051] An externally applied
force is transferred to the rigid island 16, the

ErnEGbd B oitieds ) DR OCRT 35 SO Bl £a i GE gp e surface of a
tdiephragal i THis ednfigheativhr §fetdsS Rged 's\éﬁsdrcsﬁﬁmg’n%ﬂ%ﬁ sensitive IC
18, 20, 22. These at |east three sensitive

CSRRORERTE 51 & PBad% can wiogbr lewiasi prtthowtsr areas of eatlimphragm, for

C, .\ rection of the
apsf“‘*"%ﬁﬁe‘%’?%?? PP L2 ORI, 240 %Lt ocessi ng
100505 ¢S CTiE, A3 Sepi et DeTo acrun & HpaNRONEBALLAS on the surface of
tthe ldRf The naj éﬁ?'to‘f%é/ﬁ%é]% u'%@&i fé‘% 1%e%ﬁﬁbh s ﬁlféfsiérﬁ? processing IC. These

external ly ied force n anot
Fhean h@#ﬁcatqdl ory ther framd areral theorrongthz rigii éslandyiackai 18| aneven on the

R R e TR .
tthe céuasCMOS hﬁ‘oéd@@n@ed anyriingratddecit i Kﬂﬁ&? @ bt Bbricated with

di aphragm 14. It allows nore e f|C|entIy apply an
éJ;( ocessy ean by n|ltggr§ted|at Xheaspaneydigi fre paitionkar ﬂmse)mtc@ated IC can

ﬁj;rgér;lgé ?{ésfu%t?éer{so a@ﬁl‘ég értxl ficaﬁl eaql?g%anglogato digital and digital-

nesandlagt convesicad, tnlil&lpl@&mg;esﬂgﬁalc BRRESHEI)! hate ' RGIC erﬁemory, digital
substantially due to the elimnation of need for
é'atﬁré“?e@ Hawem@gemt CHFYREYH FEMPEESPIOD ead giﬁﬁgnsneam mixed signal

S g h R e VAR S LT ARy PRl domains

othdndgmrfafcedmdeombﬁraﬁons'rhese conponents of force are
transferred directly to a rigid island of the sensor

[0051]di e angnteR&Pnd] ligd &srbd & @ineflRh 8k 8 Hsikl{;aha' %6 Itﬁ’e deflection of
conponents. [0053] The chal | enge of prac
Q}ﬁp}Slaéxgtqrmﬁesoflefgmmtm@dss;mg@ i1s theaglastiepdiaptragroeelement 14, reaching
?}R’MJ 1(')1'?32 ?IXAB%&@SSS%GH]SIEQ%:{SL%?IBS er{ | %g&é,o?O,OEZ. Phese at least three
sensmve IC components create a unique combination of the signals relative to 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
manufacturing of the device is consequently reduced substantially due to the elimination

of need for an additional wafer and corresponding processing steps. The described
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materials is negligible. The psychol ogical response to
the control of the applied force is based on the
wapprigdss orce or, for exanple pressure on thePET/mgmEN7/000411
For good finger control, some range of deflection is
required, and this range would also increase the
accuracy of applying input signals matching a range of
applied force and sensitivity of the device. [0054] An
aspect of the invention resolving this issue is
illustrated in Fig.3 according to 3 third enbodi nent.
: : j I | s _adde 0,2 sensor. )
LR GBS o s S0sb BRI 0 R REe sector force in al
r thegiedoritwiganal difectibnsa Thesesimpbinentd Of fvde afe Maffardd @Rtly to a rigid
12. and contact pads 34. The second end of the spring
eas@ﬂ{i of aﬁéep%’r@&f’rﬁ@cth%mta@ glapfif ¢lementznd \sprsitéve Igecomponents.
external force vector is applied. The spring el ement
[0053h0 phaklss challengef pEpractinal applicatiomsoft BB farogesensors, as input force .

' . . f .of the.input .
kil OB, € 266 BeHoR GehEraic otpra” 1 of emi-conductor type
e e TussanaRLIaL apaeetb bty of gt e

skased ongthe gpphied dorce rorp & exameple oréssem emthealinger. For dgood finger
j L aly 1ot Y, st. ., [.005 As illustrate

ioloh e, kfbe T XA £8Beq s s, R oo oroase the
aachemady DO epplysigeinputhsipnale saehigy & rétgle! SFCdpp8ed red and sensitivity of
button and input force controlled devices. These are
8¢ A€YIf%d by shaping a flat button according to
anot her enbodi nent of the invention. A sensor die 10

[0054] 5 pondieaspeet of the yentioreres@vingtthistissae oihiustedte arBig3ccording to a

Le I S vered with elastic plastic

o BERPRn. Ao B M e okl @ SRagS R Besor. The first end of
[spfibg letent 4K isstoupleditoraRyid flaanld §h &%&%@h@%ﬁﬁh has a frame 12
button, for exanple by a finger 46. Nornal _and’_s eer
faaﬁ cantgetpads dthsFhs seeend endonfghe springatlementdOrintenmicated 06 a button 42,

iald i 1 el astic el nt 14 .
gxr']l%&‘éf ?}%;ﬁﬁ&égnélzﬁfv{?;\g:'scg)g Ié§ ) shg(r%s i Ie\;grlpg:eﬁﬁmgggrpﬁxgs,es the deflection,
necedses ithe eanigpudf mbtien o epplicd @ta¢ andReRhty) 8P Fhe irﬁ)(tjlﬁgnechanical

appl jed, external force.[0057] The size of & sensor "di
3fegal peAs retyer hnefif the sptiRE elgmet 4(h alsioaincreases the range of the

%ﬁ&"tﬁrﬂiiesofn designing the microstructure of the sensor die for better performance

from variable stiffness, reliability and cost.

[0055] As illustrated in Fig.4, for some finger mouse applications, there is a need for a
small but responsive deflection of a button and input force controlled devices. These are
satisfied by shaping a flat button according to another embodiment of the invention. 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 forming a desired shape of a button.

[0056] The external 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.

11



the plastic button determ ne the response

characteristics of the sensor to a | arge degree. The
web@3nssspl astic material 44 covers the sensorPdi/gs07/000411

directly fromthe back profiled side and mght filling

in the cavity 48 between the franme 12 and the rigid

i sland 16. Normal and sheer force applied by a force

are transferred through the elastic material of a

button directly to the rigid island 16 and then to the

stress sensitive | C conponents. In many applications X

dyvY ePLs of a,for vect or sed for a . .
[0057112\” ga?ﬂ Ey SR B ‘%gh %‘P‘éoéﬁyg‘flgﬁ% BT"@&P% g elestic material of
d&w;ﬂ&tmkhdtten dﬂ%@lﬁlrﬁoﬁlb tréspOn€¥ clrdctdrBfts bBtheeeqsdrad a large degree.
t n the action button is actuated. In nost cases th

¢ glastip, plagtic matesiah 4t powersftho sespre dix- 10 dieatlyr from the back profiled

f,i 0j.nt u
_rl‘_%&’l;] %ﬁ%‘a hts/_\?;{i?. nbﬂ{étca'v éggtgeﬁgvfz&yﬂl{énﬁ%rg? tﬁgb‘f‘réi n3 ngld island 16.

dNeincasing rshéee fedot wppléaiubyr ﬁﬁ)t(ﬁ&’a\i/rwl: &ﬁirl]ﬁ'éﬁrecf g@(ﬁ@cﬂﬁe gra%tlc material of a
| | CKj nse
CBRBHER il o € FighPislaad b g ihene sy s easitv e components,

force control device conmbines X, Y and Z control
f unct i BnEaK %303319“§e7ﬁs’f’@d Yzcmmnems efan forceuventoraare used for a

afhvigtiod gbw.rg&nof ltﬁéﬂs&%)egpaﬁ I%?ecggr%g iv cgk\ivﬁgg NALE position of a

contr ol t1on button mechani
faestivds kelectad thanrthe antutrebmtmoirs petatedd Inmbd Q:aé’&\/thfé%ctlon button is

d he fift
cRBBaI e K ShEoE HevieRtamerdm TjssoBsingheposaimoonse of IBM
drignl @alis /QQH)Q%%Q d?&"gﬂgtlh ?taﬁl@ d@'&r clas syﬂe?‘ ﬁgfétr%@glres mechanical

pads 34. The sensor covere
peedhark ommeshanital 4lickiog fumgioa, déihread whepsdoby tactile sensors of the

s BB B o S TR S a0 bttt
fomeC3D aefsor) ANednebl @8 tbhh mae& ks tdeactbAShiton r@ﬁﬁ%hﬁ% fife need for a

a button to the rigid island 16, elastic el enment
éﬁﬂarﬁﬁen%?qt‘})lt&ﬁtlphebmes%enﬁﬁhamml Iclickiogpieadiick , function can be

SR 0 A e P RO B o
the present invention.

[0058] The 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 forming a desired shape of a
button. The external 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,

which result in output electrical signals proportional to X and Y components of the

external force.

[0059] In the top portion of the elastic plastic button the tactile sensation mechanical
feedback allows sensing the click of the pressed button, because it has a springy shell
structure 50 with the cavity 52 beneath, When pressed from the top it buckles slightly,
retaining continuity but sending a click sensation to the finger 46. This springy shell can
be made from different materials including metals and plastics. The buckling action

creates not only a tactile feedback but also generates short pulses in the mechanical
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[0059] In the top portion of the elastic plastic

button the tactile sensation nechani cal feedback
wa@bdooms1ssensi ng the click of the pressed butt oPCT/US2007/000411

because it has a springy shell structure 50 with the

cavity 52 beneath. \Wen pressed fromthe top it

buckl es slightly, 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

actile feedba rat es ulses jn . .
| RESIE shFPORRTS nelieh FaR Se e ensEnainiot reliaiopeo, @ggin clectronic
asgctihgnal s for activation of certain electronic
action. [0060] As illustrated in Fig.6, the spring

[00602I emen ¢ SR AYd qhnggé@ q?ﬁ?gﬁ?{r{% ﬁxeﬂ{ ﬁe%*o%&glhg nreaﬂiged range of

ensitivity can be
rrdﬁfblctlati amt samsitiivity cho bs imedde femib dai slmstic pldstlc tnhdtérial according to sixth

CRBEHEL B SRy et S5 DL B g st
' 1’6 Sfeﬁﬁé\hxﬁé& o§ %ﬁ{té‘hﬁdﬁgb subBir£iB sh a@h&ﬂrﬂ §Q:Bnﬁ@fj}2’ad§%4 The elastic

The elastic plastic package material 55 covers
aplests mcmg&ntr@temabl 55 wowmers dhé heoickdlempnts tand Sooms a'flemble protrusion.
yes .as a.butt

f. th t 56
P BB A SRR R SPRar s PSR 550 AR, An exterma
ffdﬁ@eippﬁéd %@ fihgBti6,00 DButRANSESHdnAs the Bltohhh%ioﬁnj55<§eatmg mechanical
creatin [g mechani cal stress and deflection with

p$t3§$ deflactien wthin thetplassicdn dke dvieschase @reat f’rﬂeb@wn@nthe sensor die

8 B rbe i AL TR P DR i6 Panlftsd to he somsor

fdha ainﬂyﬁﬂadyttb &he tstressssensifise 1C wdmponeRsP e iésigd Bf & micro-joystick
cajﬁq ?lf a mcro-joystick allows achieving very | ow
WS gehisvang very JAWgeRst ith Pfqdé‘Cfd@s%% s ftpnslepign tsympliity and existing

| e%él’?ﬁb\'i&@ol e'rhas? aZ,hth her B}gr)g}ééact uring

technol o I ment .of a plastic

o061 216 oAUt A0, Lt e 08 S0 s
ﬂh&@fdtﬁ.ld c% &ld d12he aickbie shan Erpﬁitgeid The pYatit @ﬂi'ék 6D &RESs fabricated in
colors and el asti ci t depend on tl?e application

ayrgiopns ghapessoars and ¢ %Sﬁpléy, REAR thﬂwéppd@ntsm anfl zequiyements. In
'tﬁxs%dﬂgegt' t'ilg%teh%rtcﬁe tlaqs m%%ng’e% é)lrecﬁ?/ tgltﬁg %‘E“bé of an electronic

device.

[0062] For computer mouse applications at times there is need for small deflections of a
button as compared with large joystick applications, but the height of an input control
device can be governing. For these applications, as illustrated in Fig.8, the spring
element providing required range of deflection and sensitivity can be made as a low
profile rocking two vertebrae spine design according to another embodiment. Here, the
sensor die 10 with the rigid force-transferring island 16 is mounted on the substrate 36.
The elastic plastic 64 covers all above elements and forms a flexible 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 creating the mechanical stress and
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devi ce. [0062] For conputer nouse applications at

times there is need for snmall deflections of a button
w@goocosnssy ed with | arge joystick applications, P@UUSI00E000411

hei ght of an input control device can be governing.

For these applications, as illustrated in Fig.8, the

spring el enment providing required range of deflection

and sensitivity can be nade as a | ow profile rocking

two vertebrae spine design according to another

enbodi nent. Here, the sensor die 10 wth the rigid

fqrce-transferri island 16 is nted op the . . .
< Qeaciion B34 et Sk e nEFkas 0GP uRaRe SSRPT disolbend the rigid
eksrRphSraRde iQiP 16 fhRdukbeisianketld td IR deAforsdié ARF Anally to the
of the button is covered with a hard [ ayer of plastic

68trese sarisityed€ componenise where an external force is
applied. The force applied, for exanple by a finger

[006316, t oA fiexihgmlahhead finger fore8 cotrdl RiRvivetis elfowri &€ KRy 9.h& comprises a
button 64 creating the nmechanical stress anddeflection
wrqcking elasticnlastic jbatton of Klirepbgoupteddoaerigid orsertrappferring island 16 of
s [ Fell - f i [
L87150%, e Bl LRGSR 4 1SS0S TSGR Rudfid 0 on
f urédck yf the bittonsd albsviag saisiriguthe clickc ofithe ipeessed btk cording to the

A flexing flat head finger force control device is

s eriel‘?%db‘?‘@.‘t q?t?hecﬁ f Oyentipn. ok ng el astic plastic

button 64 directly coupled to a rigid ) ) .
[0064d or ce- In dhres ftep rioigon $ifathe pléstief bettcno 68 ethe efasiile sfingatipndmechanical

R T 5 e o PR PR b3 BSfcffen. 1000s
Ckprivdgychell brugtuesHewith dlid civitp 72 deaéaty itt WHelhcheipoprissed from the top

epbodi ment of the present |nvention. [0064] .In the top,
pHreachgs g &ﬁ@thallda%ffqr WiEeh Hamcklgs,.ioreating @ ¢lickingsppgatiognin the force

R D AT
shetdls ahd piastice The wiitking laetica\crdayes7@otbenigad Iactile fadliback but also

bei n ressed fromthe tog it reaches the threshol

o Eorerky,f SHOF ulset it B mchaice], SR comtpgouSeich san be used as
| Bighd1of KA SPOF oth&Tprbira@iabfBactibhi S springy shel |

can be made fromdifferent materials including

[0065] Many applications and designs of portable devices require various control buttons
in size, shape, color and material while functionality is maintained. In an embodiment of

the invention, a detachable button, as illustrated in Fig. 10, can be used..

[0066] 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 connecting with different buttons 88. These buttons also have
corresponding 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.

[0067] In some applications, the small surface size of the rigid 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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nmetals and plastics. The clicking action creates not

only a tactile feedback but also generates a short
w@eiogmes188h t he mechani cal sensitive conponent SPCTMIEZON7/000411

can be used as signal for activation of other

programabl e action. [0065] Many applications and

desi gns of portable devices require various contro

buttons in size, shape, color and material while

functionality is naintained. In an enbodinent of the

|nvent|on a detachable button, as illustrated in Fig.

S0 b8 LSRG B, e hin o e snte

%ﬁﬁi&ﬁﬁﬁeﬁﬁ dfGhé PeeseRNMOENtibnge This foecpirinsifertng Iegamient may have a hole
force-transferring island 16. |t al so conprises ne
Mler@ﬁgrﬂq:lnn cambe inseTied wdtme@!aﬂwﬂlémmﬁatﬁgp thegun “T%e%‘.‘é‘er glue, or
ons also
Bror SO é{f?rr?. awglg) Ex% SRR dﬁgq' %@%&Hi ﬂlﬂﬁaﬁerﬁ%n be made

contro vi ce package 80.

%rlﬁ Hﬁ'?eireﬂ%ﬁt@ﬁal@ffot Beaniplé ﬁﬁfh plastite n&mjssenncmmbctof,| ag:rarmc etc. It
application requi rements The, button can. be
gl AR i o GBS camoc

%ﬁ %ofeqsafléleéfﬁig %rMer PP & tleMnteimé 0067] 1 n sone

| gatlons surtace size of the rigid
sl an m ght. not vi de r t :
[0068thesi‘%’ﬁ E‘é‘f‘ﬂgagrfofcﬁém% % I%Hlér&p as a?lscg:}&r}h er ?gltfog? for mounting

tepright @RI ashadwn Al Fl%cneasﬁsi spritigyastel1059 tdre be ingiuted on the
p|n can be achi eved by f

t ddit
fsurfaef:j of £¢m¢—§1an$fn:glr@| eémamtrés@gr isr@?w@&g%wﬂi ?aﬂ?%ﬂ@ed pigk and place
accor di n diment of th t
L‘ﬁ‘l\}'gﬁ‘?mln(g %J{S}F or ce&Fr ans r Ting el eman:e Pnrassﬁgve a
10069 e Pt a6p BHEerBRtdenEs One oy, 8 T0Rgpi%s Sh e dfional foree-

Sﬁ’if?sfe?ﬁxli’éa lelcdtdn@®C N Bnd&E B fies Wafel NdfSforce sensor dice and then with the
force-transferring el ement can be made fromdifferent

naubetrate lof, thé cspneg)arsmlé ff\cr@ﬁiqr)ld&glcgncxs syhstgate with the add1t10na1 force-

sem onduc et c t .

enlrenne s, SO Tn Ty s chiftelf of B R ERHIOK 84 then to the

f@?fe?’iﬁﬂ?'tﬁe tferck hn¥dtolirve WaThé s@ﬁsdr adie, tlwn‘at&htmﬁal force-transferring
ers at the sane tine. [Q068]. An_addjtio

f gementtanghnie springygshelle aier sinmilation Gemhe raara covprsA Hyith plastic

f1%ater1alu HH B¢ shown in Fig. 11, forming an external force-transferring element for

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

[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 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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a springy shell 39, as shown in Fig. 11. This springy
shell 39 can be nmounted on the surface of

wo erocestssansf erri ng el enent either individual | RCTMIS1907/000411
aut omat ed pi ck and pl ace equi pnent or in a batch
fabrication manner. [0069] There are different
designs. One is that a substrate, with the additiona
forcetransferring elenents, is bonded to the wafer of
force sensor dice and then with the substrate of the
springy shells. Another design IS substrate with the

r
CRAnE hRE Fle NPT Rlmg FhAAG oF Rk e R sty HBment. Thivg
whbevesyas in additibmal stopsBmeng mlecthamcﬂlhweslea&kmrX,dY end Zhdirections.
additional force-transferring elenment and the springy
[0072khel |, Tied adﬂmsnangwcarmaﬁsfefrrngrelérh@t\a@fws cadfties P ¥EMBS 49, 51 on the
with plastic material 44, as shown in Fig. 11, form ng
aﬁ’a‘f@ﬁf ef this elewertdlor pizongerbending with plastic frxater@b 64 g€ the external force-
er 46. [0070] An
d%g rr‘é%qteﬁxgir}@(&et ‘{rg{gﬁg hlg%rﬁghge il nt 35, shown i n
npl ex i hape accordi ng t

(00730, 5  eFaocion RE I3 £ R GenS P it FOT T, Bl DS Hlpcand for the lowest
fseRbfeasiat o bifgesetiRMBRde. AlRPe %@e@@alr@tﬂi%ng frpﬂitéh fabricating senor
variety of materials, including plastic, netal
sHef-conduct or, ceranic, etc. It also can be connect ed
and bonded to the pin in a batch fabrication manner at

[0074} he welfigr13aelid ilh[sﬁ@tk]the fabrlaﬁtﬁiﬁ&boﬁi‘ﬁgotditlgeﬁlﬁothaﬂambodlment of the
addi tjonal .for sferri,ng elenment 35 has a cavi
Zprisept)}nvsl&t&cgbt 1ﬁg {q,] omsglindmgt‘ahs@gon subskEae 408 hg@:ﬁ]gégrface one 101

Viink Ns1fA08 S €1 0Bt Effjetdyafts- 1rt111agf;§ gobsS titol? 'iﬁeog‘tﬁﬂ Ig[Q)S process
is inserted into the trenc oxwrat to e rigi
rfabmmnariﬂ cireniteysl (e sesitiveponposess 166 asd corithct pads 108, as it shown

RIS e Acargod, BT PeERS yneidnin 3yt WL Seposited on the

%ﬁféot% ofi the W8 FoRb1a3ide Gitdkrif9Te %a‘@l@ fdth thel 1§ two of the wafer

trench 47 during nolding of the ‘external
foperiagtheplgdtio ¢1¢Iﬁgntedr®rrblrﬁ, leaVirigrthe miasking dayes 1 1 heon dre frame and the

g'%gnji %I : ec?ﬁogig% in F @O'}; Xt %‘gnl C@sﬂaqtc rnllg 39 silicon bva%r is applied
ffmm ¢het lfaalaﬁﬂe bf th&g/vﬁ'exeﬂiﬁﬁtng?tﬁe BraschCAR thitRS dépth BaHARSign dimensions

the e?astlc e{]ement 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 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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surface of this elenent for stronger bonding with

plastic material 64 of the external forcetransferring
we@bk@messs3 |t provi des higher reliability. [007B(T/US2007/000411

Fabrication of a 3D force sensor die froma single

substrate and for the | owest cost represents the

bi ggest chal | enge. There are several options in batch

fabricating senor dice. [0074] Fig. 13a- 13d

illustrate the fabrication according to the another

enbodinent of the present invention. Fig. 13a shows an

88 PGP 35T A OB RADNR58 il e 1 5

tﬂ@o@i&@hdﬂﬁﬁb EhKsidy et eirswhRRr i Abublg-side Bihbgtabhy ¥s made from the
104, sensitive conponents 106 and contact pads 108,

S
i ba%(ﬁéevﬁ the wafgr opeyung Hetedgstia clomant &i@am/mvwgdb@mslgag layer 111

V2 B TR G| 576 2 PRI 8115 P KRR dhtfgent etching

tmbsﬂ]éort hafends madarfeasm rthe bhcﬂ(sﬁleaﬁ’tthé velfenfoimingy $he thehGh 112 to the

et Suplar e o Bftenet Priviers, tha dinal i "%s e el Gume and design
eﬁﬂéﬂn@ﬂs dffthé bfabt‘?@aefﬂ@lfxtef 131 ST lﬂ?ﬁJchF&cﬁlﬁg e de&?eﬁl%ﬁdlflﬁrent types of

he wafer formng the trench 112 to
d@s’l omwet wtehigoksowhen ehasit, RIE| dre ptasﬂnﬁSetchng,ablectro -sparking, wet

et ching can . be.dope.b ifferenpt t s aof dry .or wet

CEERPAS RSrDic Hehinl el | NG i R ER g gt 1305 floved from the
pPlramseleeichbil 18], asesh8GinliA RPRIK 14, THéeétcﬂlﬁQbdeQésC fRfRfthe backside of
ani sotropic etching, etc. After that siltcon is

rgovader sopsanes ctehipgnelasic element adeframe slemeat Biauiisnemaisly, shown in

fer h i n Fi
Ohigh M A eosll hk pRR Birsdhoio by 2 Pigie Biefe B hetores lareer than
| the genaihligthidk@edsesfahd fratie 1Y GARS thickneb6F the ABtid d¥ment 113 and
m nus. t hi ckness of the elastic elenment 113. The | ast :

sthe pthigkness nefy thegelastic elsment svachese designthiglnsss. cBie Bep of removing
dﬁﬁ&mbﬁ‘orﬁ t]fu{(@l[a&fbt el%ﬁ)frﬁ. anfl Cf}aﬂﬁ eﬁ&n&:ﬁ%gﬁglk ?i?he {H {ririglﬂg ways including

ect rospar ki ng, rasive mlling an er eén
odiffeteahking ,of dtchingn dryvesid. weit 007 Btankplg by RAB- 14d
illustrates a fabrication nmethod according to anot her

[0076pmbodi FigNt133£15d illustrate the fabrication method according to yet another

embodiment of the present invention. Fig. 15a shows a silicon substrate 100 having front

surface 101 and back surface 102 after a CMOS process was completed and the trenches
112 around rigid island 116 were etched forming an elastic element 113. After 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. 15c 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 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 in a variety of ways including different kind of etching, dry and wet.
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the present invention. Fig. 14 a shows an initia

silicon substrate 100 having front surface (side one)
waom7asdsback surface (side two) 102. The waf ePCT/USBD7/000411

goes through the standard CMOS process fabricating IC

circuitry 104, sensitive conponents 106 and cont act

padsl108, as it shown in Fig. 14a. After a standard

CMCS process, a nmasking layer 111 is deposited on the

backsi de of the wafer. A double-side |ithography is

made from the backside of the wafer opening the

| ast I t [
[00775n"  neOne e@hrsbelEDsSoM Fisghoch giertioel AT STGHOURE Fiisk from the

g ARt Rl Sl sletctic o e

t wefee.NTHi% Zah obe hehiekadt by ewpskingt the tHaeksidd DE tlemn &\afer by two layers of
bet enthe |nalt|cknesofthefr a desjgn ..

C FPERAEBERGAIS Hiing SIUERE SOPERLN I F105 OlfF 4ty hoBtaphic processe
e Eé oy tﬁﬁltﬂ&? ﬂQPsIIﬁfaQé/ ofIthIefv@Jf@i’fBackM@@&c@fdl 16 Aoth¥embodiment of
etching known in the art, RIE, rypasrmechlng,
etlwqxrefsentstpmﬂtlmg, wet i sotropl c, anisotropic etching,

etc. Next that masking layer 111 is renoved fromthe

[0078]r ame Bigeneatshdd a siiconbabstrate) 1 00 kavig frodtisurfaé® €01 and back surface
et ching process fromthe backside of the wafer

cé% PRETSMOR mrofssse| Nt twe masking 1%56 125aud é% A deposited on the
I h
LRG0 Yoo oy BTG TAR  140F 124 ads i
I eeiemmty loéimtchirg tbemkmgl1gydrhl2c’2k ﬁ@smexﬂf stefhes rbmaning]thﬂ masking layer
ess f t he tic, el enent. 113

tﬂ% tg?'ﬁl%k o6 6 eBIHL End COR i EleeR B AKIE Thoapa the rigid islands, as

t II_(I’B? &E&Bn@ﬁﬁl’l@%ﬁh‘y%ll%& | opeRink T HE: element 110 in the
astl c e enent and franme el énent can be done in

vmaskmg layay $22.res| shdwngn dhd Figr éﬁ@ WRisracresitlt, dhe hagkgidehifythe wafer has

apd I for. ex | e Rl E, 1 15d il lustrate

¢ e iforcrd e e et Bremp el i T PG cfont Thdbked with one
efﬁ@@l@ihgwer ob2tdne rii@santd eRMRAL hidkkedFvith rﬂa@mrsghxay@rsazz and 124.
i con substrate 100 having front surface 101 and

th@xt thestliger isl eigheds loegllyaindivioslaghicod ementithizpughy thst magg 122 and 124 to

d
e? aﬁet:c%?elr%\ ﬁ%e%gl}] ﬁé’?{‘.%ﬁ%f Iﬁegh?slﬁrié?ﬂ% tJr%? I%NEIC ed from the frame
nBleltieig]l A8al¢@ring & rhaskdeydasm the dighhislahé, dsahbwh Gie Fif. 16dhél“ he next step

waf er masking the sidewalls of the
is a simultaneous etching of the frame and the elastic elements, as shown in Fig. 16e. As

a result, the height dimension of the rigid islands 134 becomes larger than the remaining
thickness of the frame 132 minus thickness of the elastic element 130 and protrude
outward from the substrate.

[0079] Another. process of a double masking process from the backside of the wafer is
presented in Fig. 17a-17e according to another embodiment of the present invention. Fig.
17a shows a silicon substrate 100 having front surface-101 and back surface 102 after
CMOS process. Next a masking layers 136 is deposited 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 backside of the wafer has three different areas: unmasked area 110,
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trenches and the surface of the elastic element 113,

as it shown in Fig. 15b. The next step is renoving a
wore®Riosigsd ayer fromthe frane area 118, as shoRer/Us2007/000411

Fig. 15c leaving the mask 115 and 120 on the rigid

i sland and trench including back surface of the

el astic elenment 113. Next the silicon is renoved

locally fromthe frane areas fromthe backside of the

wafer, as it shown in Fig. 15d. As a result, the

hei ght di nension of the rigid islands 116 becones

| arger than the renaﬁging t.hickness if th

niTAms olament measked, prithrhoiqrasist;layes| Idfand ngl lamdf lle‘é@’@t masked with
SII]%B(IH% 12[&/@1"‘?3’6 n@)nsth% heRsidy QRRdR éctéhg "’ln QE@ %alc element area
done |

vari et ways 1 ncludin
ethednighgthe arasksan 3I6 aed 1BBQY 4] prﬁe&mﬁnetdmepdh zN dxda ﬂgsemaslnng photoresist

TEA G, SSERE R85 TRy B o L, s sovn

f ﬁ'PF i Sﬁd:-‘ 4R Firdal Ste P ACK SinflftaRlous RELIRS ¥ the -ﬁléht% a‘?ﬂrih@ Blastic element,

achi maski ng the backsi de of Tthe wafer by two
| siy)evrslmFlgrrMm A amtselt; the delght dngerstomhwﬁ@\e gigiddslandst i34 becomes

eacﬁp‘ é{l f?‘g%‘ggltﬁm?’é%ﬁéle%? 9{ ﬁ'g %@?ﬂg :%ﬁgﬁ%sdgma 988 of the elastic

ag@@kﬂﬂm,to anot her enbodi nent of the present
invention. [0078] Fig. 16 a shows a silicon substrate

[00801]9?(3?6‘&%%16:%1? Uidhirtd of AhE Qeg&h(%négﬁﬁ?ﬁglpg%g% ]ﬂlgxﬁccljs also etches a

ocess. xt two yer S
1§Mbsmhealqmpnﬁi the dvafen thickndsgcndithie pofce!;shmnvala‘oebe; uszful ifor the purpose

shown in . Fi 6a, The ma in Iayer S. hi .

<ol SBey Gt i et ER e vB o CoayEropBsicingerusine the overal
Sé&‘s? of the'dRVRY iNSecoRRAn8& Wth %oﬁéy&ﬁbok%ﬁeﬁtr&%é ﬁ%sérft #{Rntion.
el enent and elastic elenent leaving it only on the

[0081{]I gi d P 61@9 Pﬁg SQHX\@n s&bs’t:l"a he ePast | glﬁf?g ocess ﬂt(lj' the substrate

t hogr openi ng

i Badkbﬂe rﬁSﬁhc ngafeﬁmké&aa t}&SngidoiMandm witte tHel @asléhﬁg layds 136. The
a result, the backside of the wafer has thr
quCP%ﬁ’ diffioseanhp ds Tllovipg: ongArg ke gleglie slemt 110 gpd dicing trenches

S K s gﬁgﬁnéﬁ?hé’\nggz 1806 ABSKRY hewa ksi'd%zofatgg V\gdrt]%' l'%§ If)ur different

ed with nmas |ng ayers 1
Narehs: tunmaskddi elastici elereéntraech 116 ahngsked ditieg édeachiasd 40, frame masked

© eth rl‘xtot(}rehsgst llle%'rértlgg ng%kglsd 1'15Fa%d arlrrx]adskélcg w1t£1 masking layer 136. On the next
step silicon is etched locally in the elastic element 126 and in the dicing trenches 142
through the masks 136 and 138 to a predetermined depth. Next the masking photoresist
layer 138 is etched from the frame area 144 leaving the mask 136 on the rigid island, as
shown in Fig. 18c. A simultaneous etching of the frame, the elastic elements and dicing
trenches occurs, shown in Fig. 18d. As a result, the height dimension of the rigid islands
134 becomes protruded from the substrate, over the remaining thickness of the frame
132. This occurs simultaneously with the formation of the dicing trenches 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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a predetermned depth. Follow ng that the masking

| ayer 122 is etched fromthe frame el ement 128 |eaving
wao b@7/stsk3 124 on the rigid island, as shown i nPEi/gs2007/000411

16d. The next step is a sinultaneous etching of the

frame and the elastic elenents, as shown in Fig. 16e.

As a result, the height dinension of the rigid islands

134 becomes larger than the remai ning thickness of the

frame 132 m nus thickness of the elastic element 130

and protrude outward fromthe substrate. [0079]

e j recess.fromth .
bac {‘}S| ¢ ea{) the a\%éa Zrﬂ?gggfgfégﬁqégg pﬁov%ﬁeé 2 Jopg-tymn, sftong adhesion
alsatweedi thg pircarginthe prstiemaediah@nthe adp dhe dieesent
invention. Fig. 17a shows a silicon substrate 100

[0083]aVi NOFil! P9 shhk ARE cdBplerAGchas Knattl 'tvﬁﬁﬁhé-gxébdgéﬂ}lﬁ)aotruding from

process. Next a masking layers 136 is
othe shidfatsackthie daibsitate iveaferaThe mk@hanicdlowbstrate Fiager 14Bais then aligned

h i i Ki | ayer, 136 fro he .
g5 BT o T e b o L 52 e
OftibMtra®é) 1491 Theh Give vaFb8 AfkShondbBPWgetter &ﬁtjﬁ-mélt%@al 1@4?%%& material

I'i t hography fol |l ows, opening the elastic elenent’ 1
Lan b edhesivess splderi f othgromataralereasing|strong hed Hgidkwindimgdfetween two

t : . LIfefent ;arneas: u ked are

P T8 RS Sl A oSS e O oh Faer ot the water

daret] by ghelcdrsbiamtbred foshes tndrBsdged 160 43 08KV FigX9b. These slots and
the . next, step silicon is etched locally in the

36, On . . :
é?rgig?ﬁi aredpluinaind ig thg substigisyAs heles ferdhe pisare fbrivated for mating. At

. ¢ . o e
PR e R85 o e B0 RSN PGSl ap o o o
1B&die dor feemimggixternall farvd-transfeshgyalerhent by probéel. The

final step is a sinultaneous etching of the frane and

[0084) he elAshi contingaisi of ThigVeinbddimbst, KB $9c MustratedSatlditional steps in
t he hei ght dimension of the rigid islands 134 becones

|fabrigation pEacessne Thesmstapsnigelude oloveting springyesheHs A68,1:8 3hown in Fig.

igpu [ S t astic el ement .130. OOS{) The .

L g —
ietdnsencis 1 50 sichee tindieRlualls Withtatimatd PRk tan@fplddeeq nt or in a batch
thi ckness, and this process can al so be useful for the
gg?rﬁ:gggn manner. Next the bonded wafers with springy shells can be diced and/or
application of plastic material on the top of the die for forming external force-transferring

elements in a batch process.

[0085] Fig. 20 illustrates the back-end of fabrication process according to another
embodiment of the invention. Fig. 20a shows the completed sensor wafer with the rigid
pins protruding from the surface of the wafer. The mechanical substrate or wafer 161 is
provided. This mechanical substrate can be made from different materials, for example
from plastic, metal, semiconductor, ceramic, etc. At least one surface of this mechanical
substrate has been profiled in such a way that the cavities 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 the 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
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of singulating the dice fromthe wafer w thout

conventional dicing, reducing the overall cost of the
wa@leai70g188 accor dance with anot her enbodi ment PET/UB®07/000411

present invention. [0081] Fig. 18a shows a silicon

substrate 100 after CMOS process with the substrate

backsi de of the wafer masked in the rigid islands with

t he masking | ayer 136. The second |ithography is

foll owi ng up opening the elastic elenent 110 and

dicing trenches 140, as shown in the Fig. 18b. As.a

b0 Lt ML Bl 0 BT e i 134

ditfe tHidkhdss BE Hﬁ:%o%ﬂﬂx hiRAR TRSHE™e¥hENIdRGRTiRE ﬁr%'g%b 165 between the
| ayer 138 and rigid |sI and masked W|th maski ng |ayer

18eme@f theh sensexxwafer d9 sinflitho addmonal dbmd—tﬂans:@trir;g ¢lementel 62. At the

¢ S e T 2n 6 3B s bse et h T habio TR 164 At the next step

deRd hafdNedte bdiRledBEKIIG vmhpb&scﬁﬁg ﬁ{atérﬁvqm 13Bisindaterial can be either
etched fromthe frame area 144 | eavi ng1 the mask 136 on
al

t fidferengikind eff adhesivessorsiolilgn grrptimrgnatedel crertingraiong @aéuigid bonding
I
tepéétﬂ'ce: engcg EJC?EE?% f'I'E I Odlvs&gl @ﬁ&%hﬂf g g@ rﬁgﬁpgé s%ﬂ%tgd ?‘h&geach other at

hﬁiegubstcﬁtemﬁvsl b;nt}m‘ cdrhlﬁnaitl@ @f slots 2nd Sriligés P4 aRES shown in Fig.20b.

P ihesk MsGCand Bifleed Breabriossol mithe mebkarniel Sahsiara it esctaaieytioe, as the

f o] h i n r r :
2?“%*85?‘2?%%5‘?““& oﬁfff a 9‘@5‘&“‘% RO BN AT0 F 18 P Rl At s stage the
i bonded veafers aceidiced amhthes plastic matefriabi 7@ iasta'pplieqb podles®p of the dice in

accordin t he anot her, odi nent ese ste s al | ow
R Rl o, BB Ty BB Ertaimel ShRe g i ploments, as it
1%wna$n IHig 20O ithe tpP&:eEd of nl@ldm-gh t& material 176 the external force-

f orce- transferrl ng elenent has nuch larger surface

aggwiprng elementsbismatrskewd! go o theytavifyisnl 703472 kteating strong and

Clr e EReshalipl o ot e AP ToRE P By 162. At he
Fsa@ae tiffle thessrulbgdpl €l 66 QAP iRl itbes €68 MoulbhrevenMplddtit Rfiterial 176 from
rigid pins protruding fromthe surface of the

sging e thoglesed tremehes L pravnd e pnddtrate wafer 149 is
then aligned with the sensor wafer 129 so that pins
[0086) 34 golstshowlddie nobed, ¢loan thei fabritation of 1he3dévices haccording to this invention,

on a common substrate carries inherent advantages from integration with other analog

and digital circuits, circuits which provide but are not limited to analog signal
amplification, analog-to-digital and digital-to-analog conversion, multiplexing, signal
processing, gate logic, memory, digital interface, power management, encryption,
compression and decompression, mixed signal processing, transmitting and receiving
wireless signals, sensing 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, finger 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 invention has been described in detail with
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substrate 149. Then two wafers are bonded toget her
with material 154, 156. This material can be

w@oivensses, sol der, or other material creati ngPGL/DS2997/000411
and rigid bonding between two wafers. The individua
el enents 150 m ght be separated from each other at the
waf er | evel by the conbination of slots and bridges
152, as it shown in Fig. 19b. These slots and bridges
are fabricated in the substrate, as holes for the pins
are fabricated for nating ﬁu this point the bonded

ek Res, Bopre RSt aab ERReAE i€ S tony harSafians,apd modifications
f hefsf hfa?lbéfnﬁidélvﬂﬂmﬁk 8¢FatngC@én lﬁieot?&éegnm[ e%%é& &'5f the invention.

conti nuation of this enbodlnent Fig. 19c |Ilustrates
oggpddi ti Cc The e
(00887 C) LEheretont "Rig e MicniRh 9 QB E3EudLRIG, PR to o timited
1@onbeFhdsamislimenty, thosd bldlléb th d&mrbmanhignb@ﬂﬁﬂﬁf tHi€ invention, will

surfac f fqrce- sferri nts 150 elther
Al St 9 EF EroRHAE B B S BV Rl i o the scope of
Othe ! 1ﬂve?1t1@ﬁta§ RiidchREd ﬁ@iteirp nO[fﬁ? r&g% ets%e tl gfiSH 36fl be apparent from

wafers with springy shells can di ced

alpp ifoldaving desstiptipmsnd themppandedklaoms.t he top of the die
for formng external force-transferring elenents in a
bat ch process. [0085] Fig. 20 illustrates the back-end
of fabrication process according to another enbodi nment
of the invention. Fig. 20a shows the conpl eted sensor
wafer with the rigid pins protruding fromthe surface
of the wafer. The nechanical substrate or wafer 161 is
provi ded. This mechani cal substrate can be nmade from
different materials, for exanple fromplastic, netal,
sem conductor, ceramc, etc. At |east one surface of
this mechani cal substrate has been profiled in such a
way that the cavities 166 for accepting the rigid pins
134 are fornmed. The other mcro-structural elenents
such as ridges 168, cavities 172 and cavities or
trenches 170 along with the other designed

m cro-structural elenments could be fabricated at the
same time with the cavities 166 for the pins 134. The
mechani cal

22



substrate is aligned with the sensor wafer 129 so that
pins 134 go into the cavities 166 inthe nechanica
weaisnsmBe 161. The depth of the cavity 166, tPer/ns2ogno00411

of the pin 134 and the thickness of the bonding
material 164 all together determ ne the gap 165
between the frame of the sensor wafer 129 and the
additional force-transferring elenment 162. At the sane
time ridges 168 go into the closed trench 131 around
the pin 164. At the next step two wafers are bonded
toget her with bonding natg#bghﬁ%64. This material can
be either different kind sives or solder, or
ther paterial creating strong and rigid bondlng

[0089% et weeWhets claimed &: The individual el ements 162 mi ght
be separated fromeach other at the substrate |evel by
the conbi nation of slots and bridges 174, as it shown

. e e i S8 Bt PR S el e ering
. CthBilintdl eddcfrofiic siggially fol pRices¥Rpich alffgle %&%nay&mpﬂs& re

fabricated. At this stage the bonded wafers are di ced
and then plastic material 176 is applied on the top of

t nner. for forn.n . .
e%eeggé]rgﬁ %eglrsigle\}g %r g%s r| ngwtmngﬁf tony "f‘? ¥°§ﬁ%?79$hlea to a rigid
Hilgn® Odthin thistdie apd ﬁﬁ&ﬁﬁc@ﬁpﬂmgjam@aithﬁé]éfﬁérﬁ 'codpled ¥fa force
the Fxternal forcetr nsferring elenents this materi al

Ging nigid islard. dis frame soupiest to areripheratof thy elestiseleraent, stress
rsehgla@é & AR hdhe ﬁaibeaéef@g Mg@ P{ﬂ&%ss%g@tc; 'd‘i)@@ciulgled

force-transterring el enent
mm:ca@lapsﬂib@bamﬂe,t he ridges 168 woul d prevent
plastic material 176 fromgoing into the closed
trenches 131 around the pin 134. [0086] Is should be

RPReRsln allRdmdrieof BOHicCRE f&&e@fwﬁhlﬁ?sﬂ ¥isERTonBEGEr dibite.

to this invention, on a comopn substfate carries
i nher ent advantages fromintegration with other analog

2.A tﬁ%? dﬁ'h%}'siogllal 0I Eeglﬁlgfl = ngrpgﬁ v1ce2f%§qngl?1g g{e?t\élﬁg erch:Osuats in claxm 1
an@hﬁgnh@m@mgltal and digital -to-anal og conversion

mul ti pl exi ng, signal processing, gate |logic, nenory,
digital interface, power naenagenent, encryption

QR 'SRiehnd if&@e ﬁ’rglgsfgr?iﬁ er?e?ﬁ l:&/répgg]gl B néfegpercelvmg the external

processi ng, I'ng and
force and providing transferring of this force into rigid island of a sensor die, which

generates a combination of output signals dependent on the magnitude and the

direction of the force applied,

wherein the external force transferring element is made from the material, which
easily can be applied to multiple sensor dice in a batch fashion , material selected
from the group of materials consisting essentially of* plastic materials, elastic

materials, rubber-like materials, combination of the above and any other material

satisfying above requirements.

3. A three- dimensional force input control device for for sensing vector forces and converting

them into electronic signals for processing on a single substrate comprising:
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wirel ess signals, sensing conponents of other than
force physical donmains and conbi nations. [0087] It

W@ b@alsgiske under st ood that the m crostruct ur espOf/US1907/000411
di e, structures of the finger-mce, finger buttons and
m cro-joysticks and nethods of their fabrication do
not limt the present invention, but only illustrate
some of the various technical solutions covered by
this invention. While the invention has been descri bed
in detail wthreference to preferred enbodi nents, it
I s understood that variations and nodifications
t hereof nmay be nade without departing fromthe true

f’ﬁgeﬁis& &8 %Iﬁfeﬁ%t}ﬁ%g egfe dé'eﬂl‘i’&?lﬁﬁ%& subg@dief ore, while

e I nvention has escribed wth respect to a
[imted nunber of enbodinents, those skilled in the
art,. havin enefit .of this invention, wll appreciate
g e a0t aid sordias SHBl: whi ch do not
depart fromthe scope of the invention as discl osed
herein. O her aspects of the invention wll be

apframe fiormadamourtdsaidotlpstisietanent sd cplasihwidhdt leass part of the
ded cl ai ..CLAI NB 08 t, i | ai dis: 1.A
PRPERES orShE R el A R e ShtsBeel ol Te by

sensi ng vector forces and converting . theminto
el ectronic signals for processing on a single

stfleast tres meshsnical sitpss sensiing B¢ comporasiisiopatodin e elpstic element
TR SRS ARl P ARLLALE

eloastioncofehel®odmpaneptsed to a force transferring rigid
island, die frame coupled to a periphery of the
el astic elenment, stress sensitive conponents on the

e i . i y i . i .
cliaEt) i PR PhATE, PRI S RieP ERLEin e
t ¢lestiti cberaend afid tramsfervinglain extsinad vecterfioraedn dhecglantic element and

bstrate. A t hree- dj nensi opal, f i nput _control
ciiich % e Cusrtmagetiec bk por el elont (e Sulei easl o { ner

conpri si ng:

wherein the height of the rigid island is bigger than the difference between the thick

nesses of the frame and elastic element.

4. The force input device in Claim 3, wherein the semiconductor substrate is made from
material selected from the group consisting essentially of silicon, germanium, silicon
carbide, diamond-like carbon, gallium arsenide, gallium nitride, indium phosphide, and

elements from III, IV and V groups of the Periodic Table.

5. The force input device in Claim 3, wherein the elastic element in the semiconductor
substrate has an annular or n-sided polygon geometry with uniform thickness smaller than
the adjacent frame element, the rigid island element is located in the central area of the

elastic element.
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an external force transferring el enent covering sensor
di e, perceiving the external force and providing
wao e@ns$xsy i ng of this force into rigid island BET/ES2007/000411
sensor di e, which generates a conbination of out put
signal s dependent on the magni tude and the direction
of the force applied, wherein the external force
transferring element is made fromthe material, which
easily can be applied to nultiple sensor dice in a
batch fashion , material selected fromthe group of
mat erial s cqnsjsting_.e ntially, of: plastic )
6. Thederes inpuéd eVéFea’élté]émi‘rﬁt rthey %Omnrtfﬁ}geﬁn-ﬁ?ﬁﬂe clfgment v on-
unifosa MRk gon of the above and any other materi al
satistying above requirenents. 3. A three- dinensiona
force input control device for for sensing vect or
rces and conyve t1n minto. el ectr si nal,s for
7. T G S GeviFF I PG e BT Rs Rach P e St one
peneﬁiétﬁm lgq@@ﬁldhgﬁld]mshﬁgﬁe sem conduct or substrate an
-elastic element wthin said sem conductor substrate; a
frame formed around said el astic el enment and coupled

8. Th\g:férﬁgﬁrﬁpué ?\géﬁ lﬁlr?;)e{’ugt?} olrxrgfrgs%{%%t??agts @% s[tﬁessaéoncgntratmg
eleméR GdbARdCoH thé ElaSEE eleRBAl dﬂd\lﬁvxlng tﬁ@m eedleced fomtLgrolpof shapes
the elastic elenent for providing e ect rical output

consxgtlwsgntwlﬁ 96 M-2reaks, trepe40idal BERcArATeRYe With disssiqawall orming an

et G585 0 B By LG STBRAE e 4795 o

coupl ed vvlth the elastic elenent and transferring an
external vector force to the elastic el enment and

9. Therpree gtput devierin Clain Apbidat commusingTigid ddansbelemertafishane
e AR R S 06 Ol B SRS o At

cone,d&cdté&c;flinaafe faettdebmbsplers fsoemdtsphére ahth eombinatdonsiput
device in Cdaim3, wherein the sem conductor substrate
is made from

10. The force input device in Claim 3, further comprising a rigid island element with at least
one non-uniformity selected from a group of non-uniformities consisting of cavity, trench,

hole, mesa, ridge, bridge, cantilever, area of negative slope and combinations.

11. The force input device in Claim 3, further comprising a spring element coupling the
external force to the rigid island element, spring element selected from the group of spring
elements consisting essentially of spring, thin beam, wire, elastic plastic button, elastic
plastic stem, elastic plastic rocker button, spine-like structure, elastic dome with mechanical
feedback, plastic shell filled in with liquid, plastic shell filled with gel, elastomeric button or

combinations.

12. The force input device in Claim 3, further comprising a least one stress sensitive IC
component selected from the group of stress sensitive IC components consisting essentially
of piezoresistor, pn-junction, tunnel diode, Schottky diode, shear stress component,

piezoresistive Wheatstone bridge, MOS transistor, complementary pair of CMOS
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material selected fromthe group consisting

essentially of silicon, germanium silicon carbide,
waele@mosidss | ke carbon, gallium arsenide, galli uPCT/US2007/000411

nitride, indiumphosphide, and elenents fromlll, IV

and V groups of the Periodic Table. 5. The force input

device in Caim3, wherein the elastic elenent in the

sem conduct or substrate has an annul ar or n-sided

pol ygon geonetry with uniformthickness smaller than

the adjacent frame elenment, the rigid island el ement

is located in the central area of . the elastic

transiglogimbI01a. ranfigtor.gradied L end #eA-8 binoar GaRRIROxs, binglareansistor
r I
snd of R ion8 pfbhofisfl BSRACEIANS REffisth, MOS Wil BTt least one
piezokesistdresonneugt uosramglstmr efipsitu transiseoreirbuitiand G OSdasisistir@ircuit
{%Enetratl on init's thickness dinension. 8 The force
or COMRH3IO%evice in Caim3, further conprising at | east
one stress concentrating elenent |ocated on the
el astic el ement and having the shape selected froma
13. Tge arge umusdmsn@nm i,tﬁlﬁgers@mmaldle,ﬁtrgﬂw\mr@uﬁmhlch provide
o) oove, ve W t. or m
functigRRHERGS Bpnt SRR or RRBOLE iabidog Sy B Pub SR
amplificati®s Snaldpdo-aipiial aat digha-1odnalb@ofivdrsien, Mltiplesténg, Signal
in Caim3, further _ conprising rigid island el enent of
processﬁag»@a%hos@s BEory, igitad FikrfRces POYRa Heanag BRIt sCHPLOR,

o 85 g s A AL R RISES, AR, SRt

mreleasdlgmmbsmhlgwaﬁouélﬁlysfbhbdcﬁmimeoﬁmphan foeve ol ¢omihations.
3, further conprising a rigid island elenment with at
| east one non-uniformty selected froma group of
14. THO ?oryém{pgf a@\ﬁ X @9&&?3 Sﬁxhﬁ% B i@m Lo ad&ftﬁ)ﬁﬁlrhgxﬁ%l‘@c-
nmesa canti| eve ea of negattive
trans&hmgaelandntcmmdhfat ﬂOGhStopbbrtldfmf th@ngei islapdi andiproiviking bigger
furth ng el ene
surfag Ao e b oh e T i 57 B e e RO S P T v
transRHSSENEmER! ﬁﬁ&)?&eétfo%rﬁfttﬁheel%tféléﬂbn‘i’ént $iohd the sﬁieQﬂ'@Hé 8gid island
consisting essentially of spring, thin beam wre,
and neddgdrang a phaderial chengniftom thelgaeup of materials: plastic, metal, semlconductor

ceramic, glass and combination of the above.

15. The force input device in Claim 3, further comprising an additional rigid force-
transferring element connected to the top portion of the rigid island and the springy shell for
mechanical feedback allowing sensing the click of the pressed button and generate signals

for activation of required electronic action.

16. The force input device in Claim 3, further comprising an additional rigid force-transferring
element connected to the top portion of the rigid island and having additional cavities, trenches,
bumps and ridges for better adhesion with the external force-transferring element, for protecting

the elastic element and for additional mechanical overload protection.
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plastic stem elastic plastic rocker button,
spine-like structure, elastic done with nechanica

wo e@diosusky pl astic shell filled in with |iqui dPCPUSEDT/E00411
shell filled with gel, elastomeric button or
conmbi nations. 12. The force input device in Caim3,
further conprising a | east one stress sensitive IC
conmponent selected fromthe group of stress sensitive
| C conponents consisting essentially of piezoresistor,
pn-junction, tunnel diode, Schottky di ode, shear
stress coqgonent pi ezoresi stive Wieatstone bri dg

17. Anxethods of jfabrisating &Tﬁnr%meaﬁ@maaﬁorceomwwné?‘@qeo far sensing
vecto? : fgﬁ%@; r @&We?ttixg ﬂrlé?x?'rlgtr(])gfe%tcgcr)ﬁlg ; 1§1|f§ra t&!egﬁhéﬂ on a single
substmt@,mermeﬂhsdoompnm&het gidpsaf: t ransi stor, MOS transistor

and at | east one piezoresistor connected to

transi stor, bipolar transistor circuit, and CMOS

t proR i Qéenﬁbi’)ﬁdﬂcﬁor@ﬁbs‘%ﬁféﬁiﬁﬁ{g ddide éfi’ean-ﬁrhesnﬁé)f\&& i nput

deV| cein Claim3, further comprising el ectroniC

circuitry which provide functions selected froma

BB ST a 1C BinRo g SRl Brookinie '8 S8 one of te
d&pistrab; t 0- anal og conversion, nultipl exing, signal

processing, gate logic, nenory, digital interface,
povver management, encryption, conpression and

gﬂ[mfngs 1o tfgnéﬁég Sh gsn@el 508ie % @gbsntafémﬁxg] f:LdcRs forming

receiving wreless si sensi

Ixylmdaxaés dwmgﬂamremmmm frafrxarams,aamd rtgmhinlsml&; s .
14. The force input device in Claim3, further
conpri sing an additional rigid forcetransferring

g—f o SAUGHEI §9b§n9té ﬂﬁtehgpﬁ%rgléié’ﬂn&ﬁf ttﬁkﬁsv.[ﬂs&?]tg in the frame area
| s an

and providing bigger surface area t
okeaving thé gudenssinamﬁjthbmgwbeslw potmdiagt ouwdwazd frbm s1de two and larger

e ter,nal for.ce transferring e for prote on o
O teaaniaE SRS e S Byimel e PRIsIRIPesa the elastic
aagmmde froma material chosen fromthe group of

mat eri al s: plastic, netal, sem conductor, ceranic,
gl ass and conbi nati on of the above. 15. The force

wher%ﬂ&gt;ﬂ% in%:r:cg is?a?&diﬁ?ﬂ%rﬂie% s | OH{ frl&%rthg %@Jﬁla?e ¥ c%leing with external

orget ranst erri
force transferring elements or for receiving external mechamcal forces.

18. The method of claim 17, wherein the step of removing part of the substrate from side
two frame element is done by the process selected from the group consisting essentially of

selective etching, mechanical cutting, laser cutting and combination.

19. The method of claim 17, wherein the step of fabricating the closed trenches on side two

of the substrate within a die area further comprising the steps of:

depositing protective masking layer on side two of the substrate;
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el ement connected to the top portion of the rigid

i sland and the springy shell for nechanical feedback
w@bkdoomsrsgs sensing the click of the pressed butecrusiwd7/000411

generate signals for activation of required electronic

action. 16. The force input device in Caim3, further

conprising 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 with the externa

fqorce:transferri element, for protecting the elastic
eitiliosini sl dEiiaie HRECHEE g TS 118 legtiielement and frame
rgd-ection. 17. A nethod of fabricating a

t hr ée- di mensi onal force input control device for
sensi ng vector forces and converting theminto

el ectroni c, signal s for, processing on single
SemEV gk e Fropte edinsIeEaY Atneand cps of
provi ding a sem conductor substrate having a side one
and a side two; fabricating stress-sensitive |IC
chehiemabsiate Aoms sigp ivo pf te slastipglementoareasita @ selestedthickwess.
substrate; fabricating closed trenches on side two of
the substrate, the trenches form ng boundaries
defining elastic elenents, franme areas, and rigid
i sl ands, d renoyvi ng additional substrate material |

20. The Byeihert 98 clows 1) Whewy (hsteps 6 HbACHIES ¢losedeiranches on side two of

the! sGBMEROWHRG aﬂaileggéa't AR e %fh?@ffeingi ' h@g%smlf@nfg&n the side

outward froms Wo an arger than the remain

twa of thk nebstratdi imeinsframe efentenefuf them@mprisingntheuseskifckness
of the elastic elenent, whereby the rigid island
el ement extends out fromthe substrate for coupling
iepbsifnd fNaat ohOpiotectivanabigh la?gr &1 8BRS othe s@bstrate;
recei ving external mechanica orces. 18. The nethod
of claim 17, wherein the step of renoving part of the

| | ge. f I hs_d by.
SRR P 5 S B e B o
dfankedrecon the sabgthité)g, nmechani cal cutting, |aser
cutting and conbi nati on.

removing the masking layer from elastic element area;

etching substrate from side two in the elastic element to the depth dimension between
final thickness of the frame and elastic elements, trough the masking layer on the
rigid islands and the photoresist layer on the frame elements;

removing masking layer from the frame area, and

etching side two of the substrate elastic and frame elements to the predetermined

thickness of the elastic element.
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19. The nmethod of claim 17, wherein the step of

fabricating the closed trenches on side two of the
wGaomsnsmse within a die area further conprisi npCT/g2007/000411

steps of: depositing protective nmasking |ayer on side

two of the substrate; photolithographically defining a

pattern of the rigid island, elastic elenent and frane

area; renoving masking |ayer fromelastic el enent

area, and etching substrate fromside two of the

elastic el ement areas to a selected t hi ckness. 20. The

thod of claiml17, wherei e ste bri cating.
21, Eheo@@tao@ P@ﬁ’@ﬁésﬂoﬂ’h%‘ieliethﬁ\ﬁkﬁ’cﬁ fylpical %giqs%éa exghien oR Sige two of

4 I
the Slgdsg‘at% vg?héﬂ ?%ﬁmﬁit‘%hazéagl éptﬁ'l? \'%%E? &Eoﬂﬁ%tts)gﬁe é{f gﬁ‘el snubtstﬁate from side
two ifi thenfeansd elempnt funtheth@mprisapthe stepgof:he st eps of :

depositing at | east one protective nmasking |ayer on

side two of the substrate; photolithographically

d t e el astic

o o 2 18 B e s Crovi ng ¢ he

masking layer fromelastic element area; etching

g L L

and el astic elenents, trough the masking | ayer on the
rigid islands and t he photoreS|st | ayer on the frane
efestpyingsthe fsvranaskipedeskiion thaglasti¢ frameeldeisine ar ea,
and etching side two of the substrate el astic and
frame elenents to the predeterm ned thickness of the
eliggkitiagel secomd pratectivemaskiiglagerah thé mibstrafé; wherein
the step of fabricating closed trenches on side two of
the substrate within each die area and the step of
[ in the

¢ PR g REREal R A PR TLE Ul QI RSl
depositing a first protectlve maski ng | ayer on the

def i.ni ng _and

© iainh fog sBeeBd paskid R R tne ¥lsSRE ¢ el

etching elastic element from side two of the substrate to a certain depth;
removing second masking layer from the frame element, and

etching elastic and frame elements from side two of the substrate to a selected

thickness of the elastic element.

22. The method of claim 17, wherein the step of fabricating closed trenches on side two of
the substrate within each die area and the step of removing a portion of the substrate from

side two of the substrate in the frame area further comprises the steps of:

depositing a protective masking layer on the substrate;

photolithography defining the pattern of the rigid island, elastic and frame elements;
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removing the first masking |ayer fromthe elastic
frame el enents; depositing a second protective nmasking
wo 20081081383 t he substrate; photolithographical | ypdeUSIW0TIEN0411

a pattern of the elastic elenment; renoving the second
maski ng |l ayer fromthe elastic elenent; etching
el astic element fromside two of the substrate to a
certain depth; renoving second nasking |ayer fromthe
frame el enment, and etching elastic and franme el enents
fromside two of the substrate to a selected thickness
of the elastic elenment. 22. The nethod of claim17,
wherein the step of faE%Lc ting closed trenches on
stemovingomaskingyer iy elpstic aP’tnﬁ‘i‘ h each die area and the
step of renobving a portion of the substrate from side
t etohiog thehelastigredamentsstoi aseldetedfthigkmessir ea f ur t her
conprises the steps of: depositing a protective
Miepokitigg | Ryt e niabieing UHRE loat he spbiaed dchaliig peiiches and elastic
dgibineitng the pattern of the rigid island, elastic and
frame el enents;renoving masking | ayer fromelastic
e ; Al j to a sel ected
tﬁﬁgﬁn g??&%g%gg???ﬁg%%?%?ggﬂﬁbgﬁﬁgi ing layer on the
substrate including trenches and el astic el enent;
I etohivig Bgbstratkiraige tlaynent bracwletee thickaises.el ement, and
etching substrate frane el enent to a sel ected
t hi ckness. 23. The nethod of claim 17, wherein the
steps of fabricating closed trenches on side two of
the substrate within a die area and the step of

23, The mwthodgofixdaitm U, wheeeis liesstepst of fibronating elosedigrehobos on side two of the

the frame el enent further conprise t steps qf: . .
substEA Lh 4 a9 ARG N HER GLIET PR B g SPRRaIgfro h side two in the
framS&BREtFhRher¢BRDPIsE tHAGtépsDecONd protective masking

| ayer on the substrate having etching rate

depositing a first protective masking layer on the substrate;

depositing a second protective masking layer on the substrate having etching rate

selectivity to the first masking layer;
photolithographically ‘defining the pattern of the rigid island on the second masking layer;
removing second masking layer from the elastic element and the frame element;

photolithographically defining a pattern for the elastic and frame element on the first

masking layer;
removing first masking layer from the elastic element;

etching substrate from side two in the elastic element area to a selected thickness;
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selectivity to the first masking |ayer;
phot ol i t hographically defining the pattern of the

w0 p@i7a8is83 and on the second nmasking | ayer; rene@I/I§007/000411
second masking layer fromthe elastic el enent and the
frame el enment; photolithographically defining a
pattern for the elastic and frane el enent on the first
maski ng | ayer; renoving first masking |layer fromthe
el astic elenment; etching substrate fromside two in
the elastic elenment area to a sel ected thickness;
renmovi ng first pasking.layer fromithe frane el enent .
| ERAVIRE fiF @@émr%ﬁpwgﬁneaéw S1P9AE 15aviey thes eyl masking
eiaggedq{ﬁéﬂ?{(pmaggs tibgepsastic and franme el enents from
sile two of the substrate to pre-selected thickness of
the elastic elenent. 24. The nmethod of claim 17,

wherein the ste f fapricating closed enches. o

SPaRE s Bfsd ERL B PR s RO L PR S Repre-selected
Sthedkneds sraR®Mastit ddé@héntof the substrate fromthe side

two in the franme el enent further conprise the steps

of : depositing the protective masking | ayer on the
substrate; photolithographically defining the pattern
of the rigid island elenent on the masking |ayer;

24. Thb eficthod bd¢laiap by cahérgindhé istep of fibrieating tlessd oéndhbeon side two of
el astic,and frane el enents; etchin substéate fro

the sulysiate, Wishin? S @Ten A the SIPAFTRRSVIDE PEReLIbR Spbsirate Trom the side
i ' i en final thickness of
two l?he éﬁﬁglegﬁg{@ﬁpﬁﬁiﬁ&g%f%@gﬁasti c el ement through

the masking layer on the rigid islands el ement and the

phot or esi st | r on t.he, frane, el ng; renoving
Dot Be s Pl R eIy PO EE AP iSres ol ement

etching substrate fromside two in the elastic and .

f photelithpgraphically defining thearptteny efiche sigid island element on the masking

layer;

photolithographically defining the pattern of the elastic and frame elements;

etching substrate from side two in the elastic elements to the depth dimension of the
difference between final thickness of the frame and thickness of the elastic element
through the masking layer on the rigid islands element and the photoresist layer on

the frame element;
removing photoresist masking layer from the frames element;

etching substrate from side two in the elastic and frame elements to selected thickness

of the elastic element.

25. The method of claim 17, further comprising a process for separating dice from the wafer

substrate, steps comprising:

depositing the protective masking layer on substrate side two;
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of the elastic elenment. 25. The nethod of claim17,

further conprising a process for separating dice from
w0 b@7neifses substrate, steps conprising: deposiPCHYSI00B000411

protective masking | ayer on substrate side two;

phot ol i t hographically defining the pattern of the

rigid island el enent on the masking | ayer;

phot ol i t hographically defining the pattern of the

elastic and frane el ements and separating dice

trenches; etching substrate from substrate side two in

the el astic elenents and separating, di,cia t.renches tg a ..

sehatelitbogrephicahedeliniag Hiy Ratiempighe sigid/is aﬁlﬂcﬁf%r{l?fé on the masking

efagaj.ng maski ng layer on the rigid islands el enents

and fhe photoresist layer on the frame el enents from

the etching; renoving photoresist masking | ayer from

t pieotblitaographieaiyn dsfiniag dthet paktetng of ulxs telaatie ahdofrmme ddements and

two in elastic and frane el enents and separating dice

t $oPAAHBE 416§ teeRRES: det er mi ned t hi ckness of the el astic

el ement. 26. The nethod of claim 17, further

. L o aliani o ) .
SRk 3B ot SRSrte s Wi s PlekdcBting separating dice
bterttheg td b aeleuted tthisksess tusing ahd) protdeeive firmnd thti etchigg esking layer
bonded,substrates into jndividual dice. %g The et hog_
o1 Biehigid sgands glamriits auhibe PRPREFSIShisy et @pthg frams clemepys from the
SFM']H y shell elenments on the force-transferring
el'enmefits. 28. The nethod of claim26, further
conprising the steps of: depositing plastic materi al
orenidvingsphdteresistahaskinpriagerrons thedtanse élameditorandng
external force transferring el enents, andshaping the
plastic material on the surface of bonded substrates |, )
t eichiap subipte ﬁ@g@g}lqentvg) in elastic and frame elements and separating dice

trenches to a pre-determined thickness of the elastic element.

26. The method of claim 17, further comprising the steps of:
aligning an additional machined substrate with the original substrate;
bonding the substrates to each other, and

dicing the bonded substrates into individual dice.
27. The method of claim 26, further comprising the step of:

placing springy shell elements on the force-transferring elements.

28. The method of claim 26, further comprising the steps of:
depositing plastic material on the surface of bonded substrates for forming external

force transferring elements, and
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bat ch fabricating process. 29. The nethod of claim 26,
further conprising the steps of: positioning

w0 pabi708d8nl dice on a additional substrate w tPCEUS2007/000411
sel ected pitch; depositing plastic material on the
surface of the additional substrate for formng
external force transferring elenents; shaping the
plastic material on the surface of the additiona
substrate to the sel ected shape, and separating

i ndi vidual dice fromthe additional substrate to form
devi ces .
s%aping the plastic material on the surface of bonded substrates to selected shapes in a

batch fabricating process.

29. The method of claim 26, further comprising the steps of:
positioning individual dice on a additional substrate with a selected pitch;

depositing plastic material on the surface of the additional substrate for forming

external force transferring elements;

shaping the plastic material on the surface of the additional substrate to the selected

shape, and

separating individual dice from the additional substrate to form devices.
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