1 GUI DE W RE ARRANGEMENT CROSS- REFERENCE TO RELATED APPLI CATI ON
[ 0001] This application clainms the benefit of priority of Singapore
Pat ent Application 5 No. 201202773-6, filed 16 April 2012, the
contents of which bei ng hereby incorpgrat ed by reference inits
entirety for all purposes. TECHNI CAL FI ELD [ 0002] Vari ous enbodi ment s
relate generally to a guide wre arrangenent. 10 BACKGROUND [ 0003] I n
a catheterization procedur@glﬁEWﬁ’EA‘ﬁR&N?ﬂfﬂth with fluoroscopy
and low X-ray dose is used by a physician to evaluate or diagnose
cardi ovascul ar and endovascul ar rel ated di seases. Fl uoroscopy and | ow
X-ray dose can onl ' ngd.Qt ] because
exce>s/si ve exposur eﬁﬁﬁs$§ﬁ@%ﬁ§hé§§?ﬁ‘®#ﬁ&%ﬁdﬂof
devel opi n@0epNCeThis dPpdicitivntdidins tiedsaetit JFeeidrigned Iigagorddrtdnt Sbpladation
(FDA) _announces initiative to _reduce radiation exposure fraom nedi cal
i magi fg. NPnéVEM8dRt-Ooflef Aiail gf I adhe comiel plewhish lbeingdiseshey BpRatated
surgeon gkidirenkdiaWs@HGRy BPA1 prBSisence in performng the procedure.
20[ 0004] Furt her, successful passage of the guide wire through the
narrow ng vascul ar vessel nmay depend on the skills and haptic feel of
t he surgeon. Sone cases may be i ase the vascul ar vessel
is being pierced through. Thergﬁwfg‘gw eﬁf eedback on a proxi nal
end of a[@d2pe Wdarus smiediments redate [pOR0A]yTiaatdulde Wieedbagkmen. a
proxipal end of a guide wire can be an inportant 25 indicator to
diagﬁgse abnormalities in blood vessel, such as bl ood vessels
narrow ng (stenoses). Wth quantgfiirGedenie! | abl e tactil e feedback,
the surgeon will be | ess dependent on nedical imaging. Hence, the
total ex{i¥¥9dle tlnrmecagicterizpdonpiocedirs, adguwds wire doswinsd nvibellperdsropy and
However , ' N Hﬁ%h nj . t] e is.very limt
and subj é‘}éjf?\‘/‘géﬂ ggstemes psﬁy5| c?a%h%%%ﬁigﬁan‘% Jﬁglaﬁ%gg??%?%g u(r:aer&l(%elsmllgIq ag&i
Fur t her mendgvasdnlar selhed ldisyasa@ ddperogtepy amhlowt X-rap dbseniaa anlydesusgd brkbéy e
for instance, has to be traded off to

?23; Eggega?lgeggﬁftélgﬁ/{lgeg:%llﬁs?gxlp%ééld’sg&gosule can increase a person’s lifetime risk of

developing cancer. Due to that reason, Food and Drug Administration (FDA) announces

initiative to reduce radiation exposure from medical imaging. The amount of radiation
dose required will depend on the surgeon skill, knowledge, and experience in performing
the procedure.

20  [0004] Further, successful passage of the guide wire through the narrowing vascular
vessel may depend on the skills and haptic feel of the surgeon. Some cases may be
abandoned in case the vascular vessel is being pierced through. Therefore, tactile
feedback on a proximal end of a guide wire is desirable.

[0005] Tactile feedback on a proximal end of a guide wire can be an important

25  indicator to diagnose abnormalities in blood vessel, such as blood vessels narrowing
(stenoses). With quantified and reliable tactile feedback, the surgeon will be less
dependent on medical imaging. Hence, the total exposure time of a person to radiation
dose can be reduced. However, the guide wire mechanical tactile feedback is very limited
and subjective to the physician performing the procedure. Furthermore, it is highly

30  dependent on its mechanical design where another parameter, steerability for instance,

has to be traded off to increase guide wire tactile feedback.



2 [0006] Based on the core wire configuration on the distal end,
standard commercial guide wre is mainly divided into two different
types, a fixed core guide wire 102 as shown in Fig. IA and a novabl e
core guide wire 104 as shown in Fig. 1B. The fixed core guide wire
102 has one single core wire 106 from'the proximal end 108 to the
distal tip 5 110 of the guide wire 102 which will enable direct
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i's provi ded1osTRethe dises tipi 110, Bild RBAMIEMre biak WHRSI s hangabe: Rt 12
el ement having two opposing ends; a 15 force transmtting el enent

ar r anged aad 2 srsend £ore waret Md. Birsplst avge witdd 12fs monsbleoklativs tertbmsecord core
Sensor a%v? &My TR K2 %}990% I%Dltd% Qﬁrecwlzenrlr@ ?JE% Qrtméch%%ﬂ%étf‘eeﬁee% %I(ax?ce

avvayfrom he force trans a core wre exten
fromt he chrapatsoh @ denmétablegeoed gmtémmteol()ﬂh@hesﬂmsﬂﬂe edne reatde vwiky mﬂgiaay he

coi | enment ere th nfigured.to IIo t he
cor e fl rée%%allyg]%v'égﬁr@?%ﬂéﬁﬁqev%ﬁfg Wa%g‘sﬁ%% %algls@wmw and t he

sensor 20assenbly is configured to detect novenent of the core wre
relative to the sensor assenbly upon force inpact on the force
transmitting el enent. BRI EF DESCREPMMMRY THE DRAW NGS [0008]1n the

dr awi ngs, %do' re r,gécgfcﬁ%ﬁ) 89@%&85&&%?%21”@ i Wrerﬂaﬁéerh&ttlp rV . fl‘ﬁ% ts

25 throu t he rent views. rawi ngs are not necessar
to scale ,guklﬁp*heesamdgnmblﬂadclg@semadhbr;gatmedqﬂgelphaﬂ éclvinp owo iopbesing axtdsng

t he in s of. the invention follow ng descyipti.on, .

vari Qs BTG S I THERT A Bht oG ohihe ‘§R BN SHAF Y LPERER f o
the foll @&Msﬂﬂas@éxﬂwt)ﬂaﬁﬁ eldfin YRice elekricdt atla/réROVEd distfdtenBliffondlinagsam
of a conventi onal |xe core guide wre. SOFI‘%érle shows a schenatic

di agr am &RIEEBRAsREENad FEUEDYiEe erpuding frge ce trgnsmiiting element to

the sensor element through the coil element; wherein the coil element is configured to
allow the core wire to be moveable relative to the sensor assembly and the sensor
20  assembly is configured to detect movement of the core wire relative to the sensor

assembly upon force impact on the force transmitting element.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] In the drawings, like reference characters generally refer to the same parts
25  throughout the different views. The drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the invention. In the
following description, various embodiments of the invention are described with reference
to the following drawings, in which:
Fig. 1A shows a schematic diagram of a conventional fixed core guide wire.

30 Fig. 1B shows a schematic diagram of a conventional movable core guide wire.



Fig. 2 shows a schematic diagram of a guide wi re an-angenent
according to one enbodi nent. Fig. 3 shows a schematic diagram
of a guide wire arrangenent according to one enbodi nent. 5Fig. 4
shows a schenmatic di agram of a coil egement of a guide wire
arrangenment according to one enbodi nent. Fig. 5 shows a
schematic diagramof a core wire and a further coil wre of a guide

Wi re arrangenmgpt 2a6@¢ disBigkntafic A rSAROHI RRwire arrangement acEdiflingGo DROWS
a schematic diagramof a sensor assenbly of a guide wire 10
ar r angenefbodigiedt- di ng t o one enbodi nent . Fig. 7A-7C shows

schematic dia r Lde. w |- i.ng
To one enbodi e Shows & SEASRE (Rl I G T SHLABASTERLGBRER $hED
sensor amohbadieene Wi re of a guide wire arrangenent according to one
enbodi ment 15Ei g., 9A- 9C show schemati ¢ di ans of a .gensor and a
core Wire of lgg&isggwwﬁ@ﬂ%laﬁ&émpgaee@%&mat? A BHid° SR GHRREC!
Fig. 10 shQwin@tocsRemoltndt.agram of a guide wire arrangenent
according to one enbodi nent. Fig. 11 shows a process of

formi ng a senfi Ssbeenpsaiemptiadiggiageolig qoee woC ant afigtherenil wie of digwidet o
one enbodi: Fi. ; ssenbly process of a guide
Wre arrg}ﬁllgggd%ﬁ%m%%%%crcgﬁngg fogonggglwéﬁg{égﬁnent. Fig. 13 shows a
si mul ati on refig t6 chows sesdemadndliagraar ef wi smsaf agepbiydef v geide wire

arrarllgerren.t accor di Q‘ﬁ'to one ea‘rgcﬁdi ment. 25Fig. 14 shows a sinulation
result of TANESBIFELFCCYREEL OBF EPRPTERF a guide wire arrangenent

accordi ng to ene 7arnodhé®d icheftiAllaEfanidbs?@dRidnIdrY 4 HAAOERNARAL BRI

of a guide wire arrangenent will be described in detail below 30 with
r ef er enc@cslingto e diavhg figures. It will be appreciated that

the enbodi rreng:gg: 8A and 8B show schematic diagrams of a sensor and a core wire of a guide
wire arrangement according to one embodiment.
15 Fig. 9A-9C show schematic diagrams of a sensor and a core wire of a guide wire
arrangement according to one embodiment.
Fig. 10 shows a schematic diagram of a guide wire arrangement according to one
embodiment.
Fig. 11 shows a process of forming a sensor assembly of a guide wire
20  arrangement according to one embodiment.
Fig. 12 shows an assembly process of a guide wire arrangement according to one
embodiment.
Fig. 13 shows a simulation result of a sensor and a core wire of a guide wire
arrangement according to one embodiment.
25 Fig. 14 shows a simulation result of a sensor and a core wire of a guide wire

arrangement according to one embodiment.

DETAILED DESCRIPTION
[0009] Embodiments of a guide wire arrangement will be described in detail below

30  with reference to the accompanying figures. It will be appreciated that the embodiments



4 described bel ow can be nodified in various aspects w thout changi ng
t he essence of the invention. 100101Fig. 2 shows a schematic diagram
of a guide wire arrangenent 200 according to one enbodi nent The gui de
wi re arrangenment 200 includes an el ongate coil elenent 5 202 having
two opposing ends 204, 206. The guide w re arrangenent 200 includes a
force transmtting el ement 208 an-anged at one of the two opposing
ends 204 4.208:PbclbQaf Bk mdiGaBRvad 0 aspll8s GHhOR Wl EnAht RRAREER 1,200
includes a sensor assenbly 210 arranged in the coil "el'enent 202 at a
pr edef i newvediigt.ance away fromthe force transmtting el enent 208. The
gui de wi n range t 200 jncludes a core wre 212 10 e di ng,.from
Phe f or cd0WPhnerkiEes w8 cishiecsffadn B 2 Sl ol atudenl 055 High on
the coil tebssrembodfent. The goide lwitd arangémad 200 Sndoddsiagul@gateaotll dlanent he
core wire 212 to be noveable relative to the sensor assenbly, 210. The
sensor agg%s%wgm APOTERFIGUTNE 206 FeR 8t ® PR RSB 79 sshidesi o
202 rel ath e rhAnliR g TRAKAE 268 SSARLY a2} HIRNI PSR sinBRAGI 204N 2886F the
force transmtting €l enment 208, I5[0011]In one enbodrinent, the core
wi re may ceitakameenadi03cdhe guidet Wae serngamens S8Rbingludes & lseapoy assembls @he or

aserl Y o LOGR2L| By O SLBRETRRS o 113, GRS Y4 5T LARIBIRI e

i ncl ude a her core wire e hdi ng “Trom ano 0
opposi ng trandsittofy él@eta2(8. dthengide Wit antahgensat 1206 | iactedds £oal Va1

free_end portion of the core wire averl wWth a free end rtion of
20t hésf ur® 'i‘?&'ﬁm%gﬁﬂé“ Werfgr‘ierf”’é‘s@%%% ﬁlﬁF’F’étlaf@ 19alf & SFspT a%an@yaﬁﬁdh@aah
ar r ange gy o didthéht L0 RI doil@l@ERND02 1sROARdre RNEoS TR SbraBARte 21278 be
core wire may be configured to taper in a direction away fromthe

force tr apygille rehyive|te nsqr@esegibln2 Whd he sensar asemblyt28 iveandigwieddo
may be c ' { e | e r i.Le.
0, COULOE b PETHEHL2 62| o 1 Rl A0 0S8
coi | regimpstw the fome yiangmittoig clevneng 288.anet er s, spring constants

o 08 b2 SRR, B SEREEL T oS0 e LY
adj acent ok thréudph the sehborG@éemblggi on. The first coil region may be 30
Pt o i TBhe. Tinrage tmbodiment, the Suide wire Srrangement ey nclude & Rrhor core.
wire extending from another of the two opposing ends of the coil element into the coil
element such that a free end portion of the core wire overlaps with a free end portion of
20  the further core wire in a substantially parallel and spaced apart arrangement within the
coil element.
[0013] In one embodiment, the core wire may be configured to taper in a direction
away from the force transmitting element.
[0014] In one embodiment, the core wire may be configured to be moveable relative
25  to the further core wire.
[0015] In one embodiment, the coil element may include a plurality of coil regions
with varying coil wire diameters, spring constants and/or coil spacings.
[0016] In one embodiment, the coil element may include first coil region and a

second coil region positioned adjacent to the first coil region. The first coil region may be

30  positioned between the force transmitting element and the second coil region and the first



5 coil region may include a coil wire dianeter smaller than the
second coil region and a coil spacing wi der than the second coi
region. [0017] 1 n one enbodi nent, the sensor assenbly may include a
flexible cable, a sensor, and a ch|p The sensor and the chip may be
attached onto the flexible cable. 6018] I n one enbodi nent, a
portion of the flexible cable upon mhlch the sensor is attached may

be arrangggl {QEIMRAD ifcMM Belt a8 RimdiBesiAlet tl?ahQH@ Rlcold Tc@tl dFoN TR
parallel to the |ohgitudinal axis of the coil elenent. [0019]1n one

enbodlnen@ﬂSMhE%eed@dhmamdsmhedemlwgame attached onto the flexible
cabl e by @01f7' I p I n% gmlg)ocdetp ghe[ Qeglgot] adled enbOdﬁh%nt ’ﬂexhjge cfa]rlsor

may be p Slt one etme orcetransm vt erveht
chip. [ Oeéhlsbt anda ehiprMiadcn®ntnd thbehpansse Anslewding drafletibltdable.

i ncl ude rallty of eIectrlcaIIy condu tl e W res attached to the
f1 exi §| e?@ﬁéf In6iye sMbRdigHIEL @t tiehehthe ﬁmb S B EPRRYhIch dheugasey 1s

m cr oel eﬁitﬁc@t@@?ﬁ@nb&ﬁﬁar@éét&m&ﬁ M%hlﬂﬁ@r!ﬁ"%e cB@Ql%%lehf‘ v@ﬂﬂens normal

enbodi ment, the Sensor g rlng shaped sensor including a
pIuraI|tym@ﬂd§9§pehm§dmbe ﬁ%S@ﬁhean eleperided ring connectlng t he

plurali txoﬁbgsuﬁge&gee%@% 5 @ﬁtslg? of Gk Mffe Ciuﬁ‘o%ll]ajﬁgc o"ﬁl%df'[lé@ﬂle

the core'wre may ext orce trans
t hr ough thigte bys plegndeap praceg. of t he ring-shaped sensor. [0025]In one

SHE gihgggtt!q;gilnglgl glgealelm odlnftentsustgeggnggr brr?aay errgc}/51tlio?1g<.li ulge%wge%u%le force
transmitting element and the chip.
[0021] In one embodiment, the sensor assembly may further include a plurality of
electrically conductive wires attached to the flexible cable.
[0022] In one embodiment, the sensor may include a microelectromechanical system
15 (MEMS) sensor.
[0023] In one embodiment, the sensor may be a ring-shaped sensor including a
plurality of suspended beams and a suspended ring connecting the plurality of suspended
beams in the centre.
[0024] In one embodiment, the core wire may extend from the force transmitting
20 element through the suspended ring of the ring-shaped sensor.
[0025] In one embodiment, the plurality of suspended beams may include four
suspended beams.
{0026] In one embodiment, the sensor may further include a layer of polymer coating
disposed over the plurality of suspended beams and the suspended ring.
25 10027] In one embodiment, the chip may include an applicatioh-speciﬁc integrated
circuit (ASIC).
[0028] In one embodiment, the force transmitting element may include a rounded tip
structure.
[0029] Fig. 3 shows a schematic diagram of a guide wire arrangement 300 according
30 to one embodiment. The guide wire arrangement 300 includes an elongate coil element

302, a force transmitting element 304, a sensor assembly 306 and a core wire 308.



[ 0026] I n one enbodi ment, the sensor may further include a |ayer of
pol ymer coating di sposed over the plurality of suspended beans and

t he suspended ring. 25[0027] 1 n one enbodi nent, the chip may include
an application-specific integrated ciécuit (ASIC). [0028]In one
enbodi ment, the force transmtting el enment may include a rounded tip
structure. [0029]Fig. 3 shows a schematic diagramof a guide wire
arr angemmgogoo BRI ATAIN R0 IS RIERRH 'OBF(;];ring cHag 6&g'adﬁ-sﬁ’¥4,n'a% 10 and
arrangenent 300 includes an elongate coil elenent 302 a force
transmi t @isegprd| endeit2).30kk ceil skemsol 30 mentihgludd0s phmaity of orid regions B0B.

he. el .COi I has [ d .
¢ 100301 T RSPy Lo NP BRERE, PRI Rl e

a pl ur al ialsy shéwic i Figr €ghensil einntv302ythaghs@ial firet dofl W€gianiBlensd a Segohdg
constants and/or_coil  spacings. |In one enhodinent, as also.shown in
Fig. 2, CHerem 33 %Weée@_aﬁy ton%'eg"a oprlregion 479 Phég*ﬁ‘atrfoslzeglaﬂé?-a
second 5 p6Qide JoSillbAA RegedQft tdraeshsAstAL SldhehC3(uhd ihd StofPddil £&8H ON
320. The first coil region 320 nay be poSitioned between the force

t r ansni t 82hglhel faweenil BQWNnAZY maeinshidoadod orite diegrionsiaalier tirnethe isgoond
coil regionm._ | nel . COJ s | -smal | t e .
second ail THas S5 b e SpRuiract i ! AREAPLoiEBlonClo 1D AR,
regi on 32&sionlBE) &f ths tcoll @ldmene 30D tarB3ROdaignet o bokpared @me htveldRidsaroide
desi gned to.be sparse (e.g. have a w der coil 10spaci . .AsS conpared
ot H° S b o8 eormatlole BTt Gl o Pt bPIOeey POl B aReral
sensi ng. ¢&Q3Q31] I n one enbodi ment, the coil element 302 may have a

single coil wre dianmeter. The coil el ement 302 maX i nclude a spring.
[0031] In one embodiment, the coil element 302 may have a single coil wire

diameter. The coil element 302 may include a spring.

[0032] The force transmitting element 304 is disposed at one of the two opposing
15  ends (e.g. the first end 310) of the coil element 302. The force transmitting element 304

may have a rounded tip structure.

[0033] In one embodiment, the sensor assembly 306 is arranged in the coil element

302 at a predefined distance away from the force transmitting element 304. The core wire

310 extends from the force transmitting element 304 to the sensor assembly 306 through
20  the coil element 302.

[0034] In one embodiment, the core wire 308 may extend adjacent to the sensor

assembly 306 or through the sensor assembly 306. The core wire 308 may taper in a

direction away from the force transmitting element 304. In other words, a dimension (e.g.

diameter) of the core wire 308 may decrease as it extends away from the force
25  transmitting element 304.

[0035] In one embodiment, the guide wire arrangement 300 further includes a further

core wire 314. The further core wire 314 may extend from another of the two opposing

ends (e.g. the second end 312) of the coil element 302 such that a free end portion 316 of

the core wire 308 overlaps with a free end portion 318 of the further core wire 314 in a
30  substantially parallel and spaced apart arrangement within the coil element 302. The

arrangement of the core wire 308 and the further core wire 314 is more clearly illustrated



[ 0032] The force transmtting el enment 304 is disposed at one of the
two opposing 15ends (e.g. the first end 310) of the coil elenment 302.
The force transmtting el enent 304 nay have a rounded tip structure.

[ 0033] I n one enbodi nent, the sensor a§senbly 306 is arranged in the
coil el enent 302 at a predefined distance away fromthe force
transmtting el ement 304. The core wire 310 extends fromthe force

transm t t pg. £l8RRBEe W43 6PmbP B SBIf g@fed@@ seﬁaiawab?e%lamé fbttﬁ@m%&%h@me
coil elenent 302. [0034]1n one enbodi ment, the core wire

extend adjiwddAt to the sensor assenbly 306 or t hr ough the sensor

assenbl y g} é Lanlﬁ re%lﬁgidflﬁen%ot%%gg}(e fvﬂ@es’lo' thaBnd! (f[u‘%ﬁer e R4 %/‘{"%y314r 1?’121)/

the forc |ng ot her "wor
dianeterﬁumkhmheLcore wire 308 may decrease as it extends amay from

t he f sn1tt| el ement 304. 5]l n. one emhodj pent, the
gui aevi 1633} 1 5 ks begenehty ﬁtﬁnﬂ&ﬁsqrﬁé%%i%;@ fnaf}lﬁﬁ%?% B plea2dnn
The furt bgfsofPreand d @11113 iﬂ@ fI‘-?sYal@(:T;h%% ih PN ARt REdor 806 bAPtH: WRipOIIROSE NY
ends (e.g. the second end é@%I the coil elenent 302 such that a

free end amﬂhﬁd erfo 3hwflexible Iﬁi@bl@ nopeergoslinerty thgsenser 339 andfthechip A48
portion %;aﬁc})%fantag}% olﬁfc} {ﬂ@rﬂeﬁﬁ’)ie ca\e’ler 43 Elﬂ) %ﬁg%‘ép&t ?Hn{' ée@luu as%p(lﬂnly

paral | el S ace apart “arrangenen coll enent

The arr aﬁgémﬁ aled ntcﬂmieca) phurality (ef &&Btlfmhly tchaductivd Ingires 880 enttatlied t81iHe i S
nor e Z%l% ilé rated 7 in Fig. 5. The core wire 308 nay be
conflg & °rddeabl e relative to the further core wire 314.

[ 0036] | n[gu38] enhudimBgto Fighe, £p6ioMof ereFLiAO bl €24 efdnneHiclc MeQeNdof €

314 may 326 is attached may be arranged between two windings 332a, 332b of the coil element
302 with its normal 336 parallel to the longitudinal axis 338 of the coil element 302. The
sensor 326 is positioned between the force transmitting element 304 and the chip 328.

15 {0039] In one embodiment, the sensor 326 is a microelectromechanical system
(MEMS) sensor. The sensor 326 may be a MEMS tri-axial force sensor. The chip 328 is
an application-specific integrated circuit (ASIC).

[0040] In one embodiment, the sensor 326 is a ring-shaped sensor as shown in Figs.
7A-7C. The sensor 326 may include a plurality of suspended beams. The plurality of

20  suspended beams may include four suspended beams 702a, 702b, 702c, 702d. The
number of suspended beams may vary in different embodiments. The suspended beams
702a, 702b, 702c, 702d may include silicon.

[0041] In one embodiment, for guide wire application, the size of the sensor 326 may
range between about 100 pm to about 1000 um so that the sensor 326 can be fitted inside

25  a guide wire. Each of the suspended beams 702a, 702b, 702¢, 702d may have a length
ranging between about 20 pm to about 200 um, a width ranging between about 4 um to
about 40 pm, and a height ranging between about 5 pm to about 50 pm. Each of the
suspended beams 702a, 702b, 702¢, 702d may have a length of about 42 pm, a width of
about 8 um and a height of about 10 um.

30 [0042] The sensor 326 may include a suspended ring 704 connecting the suspended
beams 702a, 702b, 702¢, 702d in the centre. The suspended ring 704 may include silicon.



i nclude steel. 5[0037]1n one enbodi nent, the sensor assenbly 306
includes a flexible cable 324, a sensor 326 and a chip 328. As also
shown in Fig. 6, the sensor 326 and the chip 328 are attached onto
the flexible cable 324. In one enbodi gent, the sensor 326 and the
chip 328 may be attached onto the flexXible cable 324 by a flip chip
process. The sensor assenbly 306 may al so include a plurality of

electric Ry 1 i | pxi I
524, [ 0030] Rep eI R bR BRERE LT B AR 1048y
upon whi ahd b heighteraaging d2tvdes abditaicinado abyut 36 Lam.rBrgashenéédeen 704umay

wi ndi ngs  332a, ,332h of the coil elenment 302 with its nornal 336
par al | el hewe # Wédth 9hghauidh imiangd @ heighs of about 18 1y Thespgnsadgd rue 704may

sensor 3 | S, eSS ELo0ne L Yve C Y e

and the chysgRRhd HERRG: SIS SBUCR b0 W rRESRbeds
m cr o8l eeing J0% alagmhaeodn Bysiat HaldEVo) alsRin 80 im (G B EDs am. 326 may be a
MEMS tri-axial force sensor. The chip 328 1s an application-specific
i nt egr at 48043] r c Jivethemthecpnsor §a0omy incdiils agrenseli panezorasistor sepigrelgpat s
aring-s j [ - 2

el Ude: 0Bt doaT ot PG TIRER ginp o of (el Surp B0 2g Y02 o g
beans may02dcl ude four suspended beans 702a, 702b, 702c, 702d. The

nunber of pended be may . vary in differen odiments. The,..
u pendodVBHE e 1955, BBEBRERY RVl ila A0 b8h SRlen G EOR hF KRS upbiiipe
one eobodierRat 304 rouglithesusbérkled pidki70atolf ¢, ritdishapé &nedr IVBLasSSVSArn
326 may range bet ween about 100:ﬂg1to,about 1000 gmso that, the .
sensor 3785 CArPHd 1§y dde cagivaes SUBpf g figkes i tarering dimncly. Thgeeore wire

suspendedobgap® JRARs a RNt difd6er. 702d may have a | ength ranging
bet ween about 20 | AMto about 200 gm a w dth rangi ng between about 4

gmto abd¥45h0o ohy shema in Biwideh Fig. SRgnddiptulemseabn 26 Snaymlscoinglyden

50 gm E t ) .be 0] 702b, 702c. . 7Q2d h a
Cength of ub SRS RIS aRE A RS oD R ot S0 e nasl i me e 1o
gm 36[ 00424, Thed ard dersus@mdethying 104.Ule lays wspehaed coating 80Q4may include
connecting the suspended beans 702 702h, 702; 702d in the centre.
The suspéﬁwfrﬂﬂﬁﬂ@%@_} AR R Lele SU7 (P2 Bf, v5edk or ek, SpeA R ¥ g7 04
may have pariitdbhsuspadicd B! YRAN7EROHH2A 76000 4nd (ROQMberfiOd RRY 764 ShPihe
hei ght rangi ng between about 5 pmto about 50 m The suspended ring
704 may l§eagevize 348t h of about 8 pm and a height of about 10 pun. The
suspende i<ng 794.: g i i :

about 40 INAGTS TDAxTRYE f3RY EheRide L A BAPIR 5B B0 oREHBEETh che

i nt e2fal foiewreg.er of about 80 mto about 100 gm [0043] Further, the

SeNsor 326o AR Mok 3%udin’ SRR U8 Bl 55 SP IR Qi blnshGIIE hav,

702¢, 702d due to external force, the resistance value of the respective sensing elements

706a, 706b, 706¢, 706d will change. For effective force transfer and three dimensional
sensing, a rod-like structure is needed in the suspended ring 704 of the sensor 326. For
25  this purpose, a movable tip core guide wire (e.g. including the coil element 302, the force
transmitting element 304 and the core wire 308) can be used as a force-transfer element
as shown in Fig. 3. The coil element 302 may be configured to allow the core wire 308 to
be moveable relative to the sensor assembly 306, and the sensor assembly 306 may be
configured to detect movement of the core wire 308 relative to the sensor assembly 306

30  upon force impact on the force transmitting element 304. The coil element 302 with



706a, 706b, 706c, 706d placed on the edge of each suspended beam
702a, 702b, 702c, 702d. [0044]1n one enbodinment, the core wire 308
may extend fromthe force transmtting 10 el enent 304 through the
suspended ring 704 of the ring-shaped,sensor 326, as shown in Fig. 8A
and Fig. 9A. The core wire 308 of Fig’ 8A has a tapering dianeter.
The core wire 308 of Fig. 9A has a constant dianmeter. [0045] As shown
in Fig. @Bferét%prifB BRdardts Gan Wfowt AEmIE @ﬁ@rshgagQOfHéYtrﬁ‘ls&? frdik | Hd @or@e

| ayer of polyner coating 802 disposed over the plurality of suspended
beans 702ansnpgg, 6161156ﬂ7©8‘1:t0 thosapserradsentbdy %Qépended ring 704. The |ayer
of poly ati i

coat i ny S43E5, s, ke, 16 HAFFRAEY (roms it fenhtonBy (] figm,
suspendedldod amsélo darjing/ QﬁbangYQQasxy Hacdardcdn @estrmﬁamdd froinn glemékcand

the core re 308 00 Det ai | how t i de 'r ngenent
506 oSer shiutining dmeal 0L B hA Sy R g Pernb AT So stk Tk TRE e ay
OCCUr's ORe QRGsfRfred o Be foll® SHSRANHEEIRRANBIY @Lthe fildgdhded Bbms 70X

due to external force, the resistance value of the respective sensing
el enent s 799680200884 vin e compemseioniof Ithecerihelememtot02eartlcthe imayementcaf the

transfer .gad,fhsge 4l %ﬁ&éﬂad%@?'?@ap%ztﬁ 7699“7'0%%@1@ s%y ?%h%m the

needed in the suspende rin he Sensdr
pur pose, rapemivabdrigital positines gun ctke tlw feecd @ansferranc frooh thg folee Caishitting

ele t 302, t farce tr ele nt 304 the core wire

308) Than ctaienh A hecoarbL VT Hiveredy 514 Siranforei Cavobieh B Apgpated e

coil el en®iand®Zhikiy dfethe QRéAoBdlseH §e@sn§’é kRWMehRRe70uar @0oM, @68 0o The

noveabl e rel ative to the sensor assenb %;306 and the sensor assenbly
n

306 may PDEEMentenspursignat of et wasornPpernsnihe g¥SIheeradof the elip 3138 may be
|
rel ative ;o Lﬂaﬁ & QRO ASH! 'PBhe{ec%%fﬁl M&Q&g%g&(f&[t 1'19%%5 ?5?‘8 ; PinfRE CE

transmttin enent 304. he coli | ement ent
spring c@nsfomablec@'#. #h¢ maiskocareiangn thpghegnl iy de pro@ssfdy the onp 8A
forc tr mittin enent. 04 to the sens 306. 100481
CoulSi 1 GEBE ser 5B e Rl @t iy S5 a1 BR3P pied ot e tigeindnt
from a b300h ehsbtr pilodcsdtd a8 quanificd picaltYeddhdlca@dliptaycan be
transferred fromthe force 5 transmtting el enent 304 to the

suspendedd¥@hns Hrsdgrce mpist oy gdorcs hppsmitting oepen 39hsands repraseated byed
fromthe force transmtting el enent g304,to the suspended beans 702a,
702b, 702c, 702d via a conpression of the coil elenment 302 and the

movement vdierebbia ia t}méoﬁwl digplapgrentiche lesp evitiediondd Msand OlxasecBivil r2gige,,

702d]20r Cé%’r ans er r e }?}m ! h%st]eu?tsoq tfi Yo g athe Eé%%ci)l;(ipgﬁﬁel%jr?d tﬁ-u(e)

t he orce transm't
second coil region (seues).

[0050] The displacement of the suspended beams 702a, 702b, 702¢, 702d may be the
same as the displacement (d1) of the first coil region 320. The maximum displacement of
the suspended beams 702a, 702b, 702c¢, 702d can be limited by designing the spring
25  constant of the first coil region 320.
[0051] Fig. 11A-D shows a process of forming the sensor assembly 306. Fig. 11A
shows that the sensor 326 and the chip 328 are attached onto the flexible cable 324 by a
flip chip process. The sensor 326 and the chip 328 may be attached onto the flexible
cable 324 via stud bumps 1102. Fig. 11B shows that electrically conductive wires 330 are
30  attached to the flexible cable 324, The wires 330 can send a signal from the ASIC chip
328 to the second end 312 of the guide wire arrangement 300. A polymeric material 1104



10 el ement 304. The normal force (Fnormal) and shear force (Fshear)
can be translated into resistance change of the piezoresistor sensing
el enrents 706a, 706b, 706c, 706d. The MEMS sensor signal of the sensor
326 and the ASIC signal of the chip 3&@ may be integrated and

el ectronically connected by an interconnect netal line (not shown) in
the flexible cable 324. The resi stance change input signal may be

processed; Ryt Jb%oﬁﬁﬂ Rr38&ed 8h BB caPE 328 Q0 tf&%l er%h%?'ass%ﬁﬁ}( foed-

second end 312) the guide wre arrangenent to b
processed hasmflwmm matedal A dm lfeéeccﬁa‘émombedy®pl thy silic00 4@t dive dfghee

act on_the rce ansmtt ment 3 e repres ed by: F
LTPRCY ORpkPEo8 (8 e R hlche of R Rad D) A BE R BRI P s
(di) and embedlaeﬁonﬁe qbﬁiyineheghﬂ&mZO(l@Z)mayalbd dépbﬁteﬂhﬁ doated | bys gumifrénal
constant of the first coil regl on, the sensor arallel) and the .
second cdFPOsHig; o papkarias ghowi pnoss] hlﬁfehapgt‘p@a At GF PPlacyg iisTb d
beans 703894 f{dgtbe Jeggﬁted [ %gatg@lﬁé ke eﬁé&ﬁsulatﬁﬁ%daﬁse} i1 Ho S 1@%@@&&1

(dl') of the fifst coil region 32 he” maxi mum di spl acement “of
suspendedndidingss shoa,in Fab1D702c, 702d can be limted by desi gn| ng

the spri E& gcorﬁ% a% Bf shot}/(g afnI ds8dmi Iproce? n%ftrﬁe%joe 4 0 1%%1%%\91‘3%% °

shows a SS O rmng the sensor "asse
t hat t he FgenQar sid26 thatcthe hn&eghmed) 1328 adneomytsaﬁh&cg cseﬁsm akremblyex0d)|ie

cabl e_324 a fli ro ens 6 and. t he chi

be a%acﬁk’ﬂg%ﬁ‘t‘“életﬂ%emﬁ dsrest 402 i elggz@ Wﬁﬁiaéﬁw%wg @tﬁznfefiﬁémtqls
shows t hate @lilegithéf 3 YTIEORM Gl 308 Whdyelse l%é’é?teanﬁto?zﬂe @&I aenest 309 e
flexible cable 324. The wires 330 can send a si fromthe ASIC

chi p 328 theofirshends 2kbefdthe seil Fhement 307 elhgudose Witier Sanar}abﬁg@ tepared 3@Ocora
pol ynmer i i I[EBF% ggg st \ %thaljrglergﬁx 1962 gﬁfﬁg%b}e%gﬁ%%@@é E% ?5130)| 1Q%elded to

flexi ble cab ormthe sensor assenb
mat eri al attddddhe eore masklid@ orthe taibelerhertt\#02 and tuefosmlm forn tnanshmtttr@l el@iﬂerﬂt he

sens 3 (e. the ring. structure of the senso 26) and t o

oo 1510308 ol ot Eatanfied deie i Snad B E TR TR oemves, Toe P25
deposi t edh®ys Baedhe dudher conrivard®i4 3 lﬁ@ﬁ@& idtd @ il diedhdnk GO frS oRPMtei N
- Fig. 11C. I n one enbodinent, the p Kmerl c material 1104 may be

deposi t e@uise %tfa%l@agmeqt ftr%q%ap&ﬂ faft Brrosthtyire &% may b inseriegd o the poil
preci si ony il @30 gwd'(fﬂd'ihgofﬂé'é?on radH 9 12A-D shows an

assenbly process o W re arrangenent
[0053] The assembly process may be compatible with standard commercial guide

20  wire assembly process.
[0054] Fig. 13 shows a simulation result 1300 of the sensor 326 and the core wire 310
as illustrated in Fig. 8 A. The simulation result 1300 shows the stress distribution on the
suspended beams 702a, 702b, 702¢, 702d of the sensor 326 and the core wire 310 under a
force (F,) of 0.02 N. The simulation result 1300 shows that the maximum stress is located
25 on the edge of the suspended beams 702a, 702b, 702¢, 702d where the piezoresistor
sensing elements 706a, 706b, 706c, 706d are located. The location of the piezoresistor
sensing elements 706a, 706b, 706¢c, 706d on the edge of the suspended beams 702a,
702b, 702¢, 702d will optimize the sensitivity of the sensor 326.
[0055] Fig. 14 shows a simulation result 1400 of the sensor 326 and the core wire 310
30  as illustrated in Fig. 9A. The simulation result 1400 shows the stress distribution on the

suspended beams 702a, 702b, 702¢, 702d of the sensor 326 and the core wire 310 under a



Fig. 12A shows that the integrated tactile sensor system (e.g. sensor
assenbly 306) is 10 placed inside the coil elenment 302. Fig. 12B
shows that the core wire 308 is inserted into the coil elenent 302.
The core wire 308 may be inserted intg the coil elenment 302 fromthe
first end 310 of the coil elenent 302." The core wire 308 may be a
tapered tip core wire. Fig. 12C shows that one end 1202 of the core

wire 308 g seer Thoo.olRBIrn glﬁwtgfﬁ%stuﬁ @b akdlyd M€ Rl isfr&ss FdR A8 bhe

coil elenent 302 and to forma force transmtting el ement 15 304. The
force tr ghesedgetdfryspendereheans0202an 0 Havie2a H3dndete thieppistaresistienr snsifg g.
12D shows, t ha e t wire. 3 is inserted i.nto the coi.l

o eront H50ert,TORE 1t 2. 05 bEact Ak TociBRiot B Rttt rfbine

further eknmenisi706a,J0db,MaYc, Y064 66 dietedge bifduepdntiel s 70L& meps, 7802, 7pédm
the second end 312 of the coi#el enment 302. 100531The assenbly
process %905%11186%&5‘3?%11@%@ ¥PHP2Pd commercial guide 20 wire

assenbl y §y58f €SS ok Catbblintent, e $0AWSyiRe &E‘iﬂé’&ﬁi%ﬁtﬁﬂa%%m& atadlD Ddort he
sensor 326 and the core wire 310 as illustrated in Fig. 8A The
si mul at i gnreraad @l sensb8Ohesiovwgire hmeyderfzsd talpes endmittheoeribhy wHdingumpended

beans 70 7 . , f.t. n he_ cor.€e, W I. 10
inder a Pome SOy BRI Rplea LDSRRRR ol il bSHERALE Y

t he maxi se3vShaeds airangedoaitiad tZxbcoh Thh geedgmapthatd e ring Spactdecsuble dis
702a, 702b, 702¢, .702d where the, pi ezoresi stor sensing elenents 706a,
706b 10 708R9therEg of e o5 RTTE 4an Q%EB‘F oygh g lwemw@%o?tletgf: SIS The
sensi ng el:RERALSarriRSa@nen? 8RR incl@RG ARG oRwird 8isF6108 id tehBilsksRRaded
beans 70Za, 702b, 702c, 702d will optinmi ze the sensitivity of the

sensor 328d ofiheseil.F gortipn of HwwyrtherSorpnviag ek extendipat of Agncast for handling
sensor 3 coLe wgre ' j i g. : .
simul ati %ﬁrpr%g%u{h?ﬁlﬁg% Sw&%ﬁs g?%g Vgl?‘?égjgﬁ%lﬂgeﬁ ?%ﬁ??éoﬁsgﬁgttﬁegégﬁ%?\gﬁ%ed
beans 703mangtdiht, a70Rc mAPdet eferted @nsibasounddd Gipastchcture vden et wuckes34.0
under_a 1 fo,i.ce &F) of O.ghz N., The si nmul atdio resul t é400 showsJf
the mixi MRS FES LTS MPY AR sl R & SBRT g1 20E piar FatsyBa MOV Fo %Y ©
702D, 702 cot@fireWTELE {6106 nitlyCH@h &%l GArler@@NS | 1hg sBlsoiaiMich £A62auskOBb,
706c, 706d are |l ocated. The |l ocation of the piezoresistor sensing

el enent s dsoBsemaeb thergsgeor. T premiransteredde tt seasrpamdel trpesiated inbpa,
702b, 702¢.; i iy Pt Vi i
{00851 | nFaisfEeEhalt ienBily 1 6tk 18RRIkl bbkheflh of 1 <BRE e tefkor
coi |, a owwydrapsmi agrghabrepeagumg rddmtanco change tea pkip. Bee fhix echytpoomsethend

O 38,y be B, R o 8 S G B Solngs
quantified tactile feedback or display.

[0057] The guide wire arrangement as described above may be a movable core guide

wire with integréted tactile sensor system on one end (e.g. distal tip) of the guide wire.

The guide wire arrangement as described above may have a movable core sensorised

25  guide wire design. The integrated tactile sensor system may provide electronic tactile

feedback to overcome the current tactile feedback limitation in guide wire. The integrated

tactile sensor system may include a microelectromechanical system (MEMS) sensor, an

application-specific integrated circuit (ASIC) chip and a flexible circuit. The integrated

tactile sensor system may be attached on the tip of the movable core guide wire. The

30 MEMS sensor design with e.g. a ring structure, a tapered movable core wire and the coil

design can enable force transfer to the MEMS sensor and also, facilitate direct integration



sensor may be arranged within the coil. The sensor may have a ring
structure such that 10 another end of the core wre can be inserted
through the ring structure of the sensor. The guide w re arrangenent
may include a further core wire disp d into the coil via another
end of the coil. A portion of the further core wire nmay extend out of
the coil for handling purposes during use of the guide wire

arr angengfte.g. DUE | MEME @edbr tWith GldhdlRd WhirRfRWMRIRITREE  ofatheOEGge RAiXe. be
exerted on the rounded tI@ structure when it touches a 15 surface.

This for @éet?ﬁﬁywd@aﬁ%@efeﬁﬂ@c gisplay angybeappyidekentheilpr gay (g wseximpkend)
novenent of, the.care wire. This force may then be transferred to the
sensor Mhléh y cause a displacenent of the sensor. The force

t ransf er (¢F8] o tHe mwdesene mmzmgbmentrzamb‘acaﬂ)eaﬂ aboveonay wsesi 1iqtgashapedcthaﬁge
si gna t he piezoresistive sensi el e S t he sensor

Sencop magPP WTAIRECR it iser PR st kst BalnSiconite SR guipbed the
chi p. TheapefddPcoi@ iRl 6 afeSusel @0 ARtoSabtaly F186ide \pRstider MighnbR SRNBEKkingNd
may send out a S|gnal for further(§r00e33|ng as quantified tactile

f eedback featurgifarsssepbly aobwee phehegyidgavivg srengemefigenent as descri bed
above maypjg)a mMhyablig. Weealﬂiﬂlggﬁe o %ewl%@d'aes@ﬁﬁgqﬁvéra%wa% &figor
system on one end (&.qg. 3 urde w

ar r angenevite 8g fdlewtllebémceab@neéermythhamesoa/smugbblemcmr dén S)ﬁn:somléecthQS
gui de Wi . The inte sensor

o ectP onMEPE e st R B0 Bohev PO SRR BRIl ST PiinE
| i mtati dgedbickguisaigesd.re. The integrated tactile sensor systen1nay

i ncl ude a m croel ectromechani cal] system (MEVS) sensor,

appl i cat iIYHOL pecile Tnpot SYEE SRI1Z8; Y6 it ﬂ(eAsv@) VIS fb"la&s%in%pf fap elepasibed
circuit. e
Fip of i AL b oy LRI, TeANhe PR TP RS0 itk b
e.g. a ricorg wire uedun dhe gndapar atangemebt e deserbedi abevapan prheide glignment
desi qg C%n ?6}1911 %t I‘ea 1Bﬁlttrnan91%wers érr?l?lt h?oclt\?/sEsNS sensor and al so,
faC|I|tate %egra ion 12 yg. the MEMS sensor with

st andard [mﬂlpf acrhmr ighigle pivire e sisarpEmefie ag U:lednﬁjb&til’ gbovEl et henuedt &gt bll e
f eedback/ di spl ay nmay_ be provided on the other end (e.g. proxinmal end)
of the g@Pﬂ@pﬁﬁyénmf@ﬁSB]The gui de wire arrangenent as descri bed
above mayo362f 2 Whild iRRBELkAGE I the iRveEBS Havk Obcdh | MIGONE Whdvwh and
insertion into the sensor. Polyner coating on the sensor and the

t aper ed @escsibed methe aferprceyiveepeeificaumbndmends| it ysh@;lé\hed@nq@rsmdsbv those
alig n f e
o angermied i BEGihat SRtk tuniles 37 IR A0 HAE L8 iRl BN
have a nuepdtieg Gomethe spwit bmd tdope fob Khet IﬂC(iI'ltlbﬂ ab daﬁmdtb}ams faﬁperided thans.

sensor/ sensi ng el nt .n_at t actl sor
can be | iTBgraront B evhn d° dbisangaras N tFe PRrGRY clero £af Al arRtes

f eedback v&mcrs 8@ Mithirl BRGALNNE SRNSEA@LC BY SHIAMISRS! GNhy $BGnk Ard heregitbde
W re arrangenent as described above can provide easy integration

of exi stilpgndeddenprPbigeskess. The tapered noving tip core wire used
in the guide wire arrangenent as descri bed above can provide

al i gnment 15and alignnent feasibility in mcro-assenbly process.

[ 0061] The gui de wire arrangenent as descri bed above can be used for
al | angi opl asty procedure.



[ 0062] Whi | e enbodi nents of the invention have been particularly shown
and described with reference to specific enbodinents, it should be
understood by those 20 skilled in the art that various changes in
formand detail may be nmade therein gﬁthout departing fromthe spirit
and scope of the invention as defined-by the appended clains. The
scope of the invention is thus indicated by the appended cl ai ns and
all changgs Lch conme within the neaning and range of equival ency of
the clains are therefore intended to be enbraced. 13 CLAIMS What is
clainmed is: 51. A guide wire arrangenment, conprising: an elongate coi
el ement Qgging Lmodo_posing ends; a force transmtting el enent
arr anged "B GfdeiBFd fhe two opposi ng ends of the coil element:

a sensor assenbly arranged in the coil element at a predefined

di stance away from 10the force transmtting el ement; and a core
wire éxtdndi ng SWdmwvEhaTageBent; ¢INYHING i ng el enent to the sensor
assenbly thro i : .n the coil elenent is
configured tng °%€ﬁ%ﬁ§1%g§§ﬁﬁF?%gngg%“ﬁ%@&é ‘e relative to the
sensor assenbhyome tandnatisgresonenagisargod wt oz afahé ivguogosing edéd eftthe coil
nmovenent 150f the core wire relative to the sensor assenbly upon
force inﬁ BN the force transmtting elenment. 2. The guide wire

arrangenment 0oh s&lsat akdmblWaghiet if (R coDeRmthl & féRAEEd diladciWaytfRoni he
sensor assenbly or through the sensor assenbly. 20 3. The guide wire

ar r anBenméhft fope tapamiting elemgntifgd conpri si ng a further core wire
ext endi ng frog‘c%%i?@éxt&fdri]ﬁ ﬁm’h‘@ﬁ’e QP4 itﬁﬁgéleﬂfentttpqytliﬁnlsor%%

into the coil element suc at a free end portion o e core wre
over | aps twoegh the toibedewpiat; portion of the further core wire in a

substant i al 1y farl be! oindl. AR LoAiilda P RGHIMETRE A LDLE ANBasE!
relative to the sensor assembly and the sensor assembly is configured to detect movement
15 of the core wire relative to the sensor assembly upon force impact on the force

transmitting element.

2. The guide wire arrangement of claim 1, wherein the core wire extends adjacent to
the sensor assembly or through the sensor assembly.
20
3. The guide wire arrangement of claim 1, further comprising
a further core wire extending from another of the two opposing ends of the coil
element into the coil element such that a free end portion of the core wire overlaps with a
free end portion of the further core wire in a substantially parallel and spaced apart

25  arrangement within the coil element.

4, The guide wire arrangement of claim 1, wherein the core wire is configured to

taper in a direction away from the force transmitting element.

30 5. The guide wire arrangement of claim 3, wherein the core wire is configured to be

moveable relative to the further core wire.



4. The guide wire arrangenment of claim1l, wherein the core wire is
configured to taper in a direction away fromthe force transmtting
element. 14 6. The guide wire arrangenent of claim1l1, wherein the
coil elenent conprises a plurality of COI| regions with varying coi
wire dianmeters, spring constants and/ S coil spacings. 5 7. The
guide wire arrangenent of claim1, wherein the coil elenent conprises
a first coil region and a second coil region positioned adjacent to
the first coil region, wherein the first coil region is positioned
bet ween ®he fﬁhcgutdlea-wswnangegleeﬂ eﬁrelaim dnavhetem ﬂﬁcmddelcmcrit croagm@cs and
the first qt glon conpri ses . ' v%d q m% & EP 5
10second PEET Yr"é@ BAcHAT Y afw%%’pa% Ry owr ey eltsh%lﬂmtgh‘é) 8%86‘8 Eoi !
regi on. 8pachize. gui de wire arrangenent of claim 1, wherein the sensor
assenbly conprises : a flexible cable; a sensor; and 15a chip;
where?n the sensor and the chip are attached onto the flexible cable.
9. The gyi de wh( 6,;8L %’é%@ﬁ%&neﬂf offh18hM %vhe%?ﬁﬁﬁ'c@ﬂ%leﬁ%’é M REs § BRt
fl exi bl e cabl e upon which sensor IS attached I s arranged between
tWo Wi ndncnlgsegudn mdea wphd edibrgimn REWionkd adjscenbtonthb ﬁpealcail Irediont, ovltehgan
Iongltud | ement

o v angemdit i S iones” B s PefREN e e itk EBmhCd wp posenda
onto thechil ee(glblh and akd ﬁuby;oa febiop cmkﬂpns@r @&eﬂ S\Nlre?ﬂibinerﬂ&ng?illlleﬂﬂlaW the
ar r angenent fla|n18 ?FEIH t he %S is 05|t|oned bet ween t he
f or c&Vt r AFFOR £ FRE1B) A8fetO! SPRfing widenihpn t féeepﬁ Bl F@E i 1 e
arrangenent of claim@8, wherein the sensor assenbly further conprises
a plurality of electrically conductive wires attached to the flexible
cable. 85 13he Tpide giicderangenenhol daigehevherayf thelsersa Ssemplgcemprisdye
sensor conprlg@@x%kumgkgelectronechanlcal system (MEMS) sensor.

a sensor; and
15 a chip;

wherein the sensor and the chip are attached onto the flexible cable.

0. The guide wire arrangement of claim 8, wherein a portion of the flexible cable
upon which the sensor is attached is arranged between two windings of the coil element

20 with its normal parallel to the longitudinal axis of the coil element.

10.  The guide wire arrangement of claim 8, wherein the sensor and the chip are

attached onto the flexible cable by a flip chip process.

25 11.  The guide wire arrangement of claim 8, wherein the sensor is positioned between

the force transmitting element and the chip.

12.  The guide wire arrangement of claim 8, wherein the sensor assembly further
comprises a plurality of electrically conductive wires attached to the flexible cable.
30



14. The guide wire arrangenent of claim@8, wherein the sensor is a

ri ng- shaped sensor 5conprising: a plurality of suspended beans; and a
suspended ring connecting the pIuraIity of suspended beans in the
centre. 15. The guide wire arrange of claim 14, wherein the core
wire extends fromthe 10force transm tlng el enent through the
suspended ring of the ring-shaped sensor. 16. The guide wre

arrangemggt Ot ¢ l@'b&egnﬁé}? ‘é!iéfgxﬁéh{%n{s%? %M{aé | er@h ﬁwléSEe‘?l'Qﬁegollﬁﬁ 3 a

conpri ses” four e gui de wire arrangenent

cl ai m 14 mivkelegiamdchanisa ngem {MEMBDsersonpri ses a | ayer of pol yner
coating disposed over the plurality of suspended beans and the
suspended ring. 18. The guide wire arrangenent of claim8, wherein

the chi p180NpThé ggidewirkQapientzat ofaimiBs Gilibietn 1he k&B6Ak Qdingishepbidisensor
(ASIC). 19. The guide wire arrangenent of claim1, wherein the force
transi t CPHPIBIEent conprises a rounded tip structure.

a plurality of suspended beams; and

a suspended ring connecting the plurality of suspended beams in the centre.

15.  The guide wire arrangement of claim 14, wherein the core wire extends from the

10 force transmitting element through the suspended ring of the ring-shaped sensor.

16.  The guide wire arrangement of claim 14, wherein the plurality of suspended

beams comprises four suspended beams.

15 17.  The guide wire arrangement of claim 14, wherein the sensor further comprises a
layer of polymer coating disposed over the plurality of suspended beams and the

suspended ring.

18.  The guide wire arrangement of claim 8, wherein the chip comprises an

20  application-specific integrated circuit (ASIC).

19. The guide wire arrangement of claim 1, wherein the force transmitting element

comprises a rounded tip structure.



