WO 2012/ 060780PCT/ SG2011/ 000389 1 GUI DE W RE ARRANGEMENT, STRI P ARRANGEMENT
AND METHODS OF FORM NG THE SAVME TECHNI CAL FI ELD 5[ 0001] Vari ous enbodi nents
rel ate gewenralliosoiso a gui de wire arrangenent, a nethod eCTisereiiregosss gui de
W re arrangenent, a strip arrangenentl and a nmethod of formng a strip
arrangenment. BACKGROUND 10[ 0002] M ni mal |y i nvasive surgical procedures are
generally preferred because of small incisions which | eave small tissue
scar after healing, shorter hospitalization time and faster recovery from

i nci sion I - ] I i &omi i i Qpal

pr ocedur gﬁ%‘i‘ﬁ%ﬁﬁ@%ﬁ@’ S?rﬁgg&aﬁ%&&g}s@ﬂﬁg\ﬁc ‘3@? s&tﬁfééﬁua ly the
first step followed by surgic r h as stenting. Miultiple and
prol onged 15 attenpts at gui ﬂb‘%‘ﬁﬁ&gﬁé@g@% ght lead to several

undesi rabl e side-effects such as increased exposure to radi ati on dosage
(fluoroscopy tinme), increased anmounts of intravenous contrast used
resulting in an increased risk of nephrotoxicity with consequent renal
failure, and increased risk of TEGHEYKARFIERD avascul ar conplications from
aggressi ve guide wire mani pul ati on. 20[ 0003] The step of passing the guide
Wi re % hr{oegh) a Wasious embadiments retate deaerally naa ighide twircoargdngehenthaptettodf eel i ng
of the surgeon, and tactile/force feedback of the passing guide wire may be

di fficul bf fRmeHeen ghidy - witd Brririebich©/af 9ip QrbRQSKAAE kanafa MbBoRaTTomEngdi de wire
may be inportant and useful for conparative evaluation of the surgical

procedur grif-aftangement.

BACKGROUND

10 ‘[00’02] - Minimally invasive surgical procedures are generally preferred because of
smail incisions_which leave small tissue scar after healing, shorter hospitalization time
and faster recovery from incision trauma. For many cardio vascular and thoraciq
interventional procedures, passing a guide wire through a vascular vessel is usually the
first step followed by surgical procedures such as stenting. Multiple and prolonged
15  attempts at guide wire passage might lead to several undesirable side-effects such as
increased exposure to radiation d;)sage (ﬂuorqscopy time), increased amounts of-
intravenous contrast used resulting in an increased risk of nephrotoxicity with consequent
renal failure, and increased risk of developing intravascular complications from

~ aggressive guide wire manipulation.
20  [0003] The step of passing the guide wire through a vascular vessel may be primarily
| through the haptic feeling of the surgeon, and tactile/force feedback of the passing guide
wire may be difficult to quantify. The tactile/force feedback of the passing guide wire

may be important and useful for comparative evaluation of the surgical procedure e.g.



WO 2012/ 060780PCT/ SG2011/ 000389 2 either by residents or by senior surgeons
for training the residents. The existing methods for guide wre passage may
be heavi IYOd8pPeKtBAt on two dlnen3|onal fl uoroscopi c x- P&Y/SCAEGIAYSY hat is
extra-lumnal in nature. That is, theZvessels are visualized in tw planes
externally via x-rays and i ntravenous contrast. There may al so be a
significant anount of 5 dependence on hand-eye co-ordinati on between the
surgeon, the on-screen x-ray images and on tactile feedback during

wi re/ cat Qﬁ}e by g%gdemg' o%tr?g%@mo;fbaxgﬁe Yof Efitin th@m@ldme'ﬂ%e st W iEads St eps

requiring NoOVement's on surgeons part

[ 0004] M roelectrornechanl NB) haye_en Qssibility
of maki né’ r SRS SYiTe RATSASS C%l?eggﬁy a%‘?egélvl% two mel}s“?% ﬁ‘goeré%(rs Isa | aci ng a
pressure sensor 10 at the tip of the g mnre SO t nfor t|on

pert ai ni Hepeine ’thﬁ'elsé%gé‘tl“m’é'é]a‘c"l i T]Paﬁés § "eﬁ%??% aE"‘aYl‘S‘b"Z‘ ?)‘L’tna'i“f‘i’ M t he
difference in the pressure at the |esion, thus reducing the |ntravenous
cont r ast exisagly WA c-Teynand inftaenoReconteRt. Shers sy atode aignifipat pmosat ofkei th et
al [2] describes that there is a change of about 3Cin tenperature at the

| ocat$ ondefenddnee oh dandege cd-erigmtion beovres iz surgeopethsom-sceeen sedy amagdse tip of
the guide wire. Ganluca et al 15[ 3] describes that the hardness of the

cal ci f i eghd b5 &UEledbedblick Siranpowire/chtheai imanipukatibi. giiéy mhp aesult e a Bexddstdfy
vascul ar vessel. Thus, a force sensor can be used to identify stenosis.

[ 0005] Fogod: @x Q%Q%qumﬁgfdcﬁséaqnwem% $ihe vergech’ y?diﬁm ar vessel, the length
of the gui wre is preferably as |ong as possible and the dianeter of the

gui de wi pm]s prl\%fcﬁiretargm?e%hm syS@mROGIEDKS habp\eﬁmd tﬁehsod@mmwfng and

integratfion of suc ong 20 gui e wre wth very small devices
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ggig}@go%{bgé%/ %@g B cgowdgggghtﬁat 1”P0rmat10n pertamm;[g, % %hea(r:)?ac{ pocatlonr;[ ca)‘f: %her th WO
stenosis can belobtained by the difference in the pressure at the lesion, thus reducing the
intravenous contrast usage and minimizing the risk of possible renal failures. Keith et al
[2] describes that there is a change of about 3°C in temperature at the location of the
stenosis. Hence, a temperature sensor is used at the tip of the guide wire. Gianluca et al
15 [3] describes that the hardness of the calcified tissue at the stenpsis location is higher than
the healthy vascular vessel. ’fhus, a férce sensor can be used to identify stenosis.
[0005] For the guide wire to bé passed through a vascular VéSSCl, the length of the
guide wire is preferably as long as possible and the diameter of the guide wire is
ﬁreferably as small as possible. Hovs;'ever, the packaging and integration of such long
20 guide wire with very small deVices (e.g. sub-millimeter devices such as MEMS and
~ ASIC) pose a challenge.
[0006] = US 7,162,926 Bl describes a ceramic substrate including embedded

connectors used to hold a MEMS sensor. The embedded connectors are in contact with



3 the sealed cavity and are also in contact with the electrical circuit
enbedded into the body to pass electrical signals fromthe MEMS sensor to
t he el ectwDeal2/wdT80Ui t. However, high costs may be i ncurcescrali1foos3sy such a
structure and the fabrication and assénbly process may be conpl ex. Further,
it my also be difficult to apply such a structure in a guide wire 5with
smal | dianeter. 100071US 6, 106, 486 descri bes a nethod of manufacturing a
conductor elenent for a guide wire with conductors in the formof a

conduct i yR ERLEEIMy 281 bR TE cBh@fOv e lRRGHA QfcultRfbe@ndusib ke BIdggnent . US
6, 106, 486 al so desCribes a guide wire which has one core el enent and

over | appHﬁgagg %}é‘é{ﬁ%aloii;igfgagﬁ[ 1‘?{;&%& R&JM?%@L&} L 16h ARG FANEY it E@MEFB@' s 10

were app concentr ar oun he circunference o coré enent

along a portion.of its.lepgth ntil a desirted.nunber aof conductive |ayers
have beefOSHBAY B .mcll-’lgﬁﬁ\tloefo,%’ﬁ Cﬁrﬁftrﬂ‘éwfﬁef itéﬁ?%bntc%u%?g agifgﬂ’q‘éﬁf({cgsfsns on a
|l ong guide wire wth_small dianeter. There also be less flexibility of
sensor pMR¥ SREAPPIEK, BEtheh it mpyilsn ?,dlfgsﬁt OGPRIYeEhR ATICRITE P 3 28iRg re

di ameter, the |ayer of conductive materials deposited on the core el enent
may b® wihismial diaseeteruch, the resistance val ue of the conductive materials
may be very high. In addition, bonding of the exposed conductive materials
on the c{087El ertiho,166d8G desclibdvEEMBetied iof manefactatisg a lbendicfok ieleuient fot@0081US
6, 090, 052 describes a guide wire including a core wire having a proxi nal
and a di ghidé vardwithih@héudters dh thedsin ofa @héwdtive aadtedia asttgpdingi da te t he
core wire. The 20 electrical |ead extends along the | ength of the core wire

and i s cRRARMCIreKE ddndadtordiantdti UBl6, RiseealsRrdevirtbeda atidt ReredisoRhaseid of the
core wire. A nmale connector is provided at the proximl end of the core

wire, anfore o?’én?én?%hﬁ %@f%agygmgglawg%rf%umg%&%hﬁumiﬁga dodddeeid ﬂﬁ%e;%{;gl_

| eads. el ectrical s aré forned sheet " of a thin flexi

mat €1 al We;le_:hsz)plied concentrically around the circumference of the core element along a portion

of its length, until a desired number of conductive layers have been applied. However, it

may be difficult to make such patterns.on a long guide wire with small diameter. There

may also be less flexibility of sensor placement direction. Further, for core element with a

small diameter, the 1ayér of conductive materials deposited on the core element may be

15  thin. As such, the resistance value of the conductive materials may be very high. In

addition, bonding of the exposed cénductive materials on the core element and small
MEMS device may also be difficult. |

[0008]) US 6,090,052 describes a guide wire including a core wire having a proximal

~ and a distal end. There is at least oﬁe electrical lead provided on the core wire. The

20  electrical lead extends along the leﬁgth of the core wire and is connected to an electrical

device provided at the dismal end of the core wire. A male connector is provided at the

proximal end of the core WiI'C., and a protective tubing covers the core wire and the

electrical leads. The electrical leads are formed on a sheet of a thin flexible material. The



WO 2012/ 060780PCT/ SG2011/ 000389 4 sheet of thin flexible material is at

| east partially wapped around the core wire along the length of the core
wire. TheWO3PB/OPTE is thus used to house devices and aPfCASH2EN1OL438P cal
leads on it to transmit the electricaft signals. The core wire al so provides
mechani cal support for operation. However, for a guide wire with a small

di aneter, electrical leads 5 provided on the core wwre may be thin. This
may result in high resistance of the electrical |eads. The high resistance

of the ekt bf Giad {16666 ndt@a] kseRdedsOpatiffArd F&ﬁﬁx‘éuﬁl{ tH\6BFe Wr&38nj; fHeOr mat i on
received by termnal side. Further, the smafp conponents may need to be

assenbl e A thdl Iehe t I i SLVe.
108UMVAR$en%ooo§}iﬂlé€’%?§feﬁgﬁ £ S%n‘i‘?%%%‘laﬁ%ﬁ??ﬂ‘aﬁ’%ﬁ‘%‘fg@gsvéf?ﬁﬁ%%# gfﬁg‘g‘?r%‘m is
provi ded i, d e rra nt_includes a .strip; a.sensor heing
di sposediec?;\-pgn]g ?lrtos?r a};{)\gcr)xﬁlf itonelgggi? ?r'nigs%?arlﬁ' glfheacoé?li“ﬁreb%lisﬁﬁrod?ieﬁo@‘éc & "t o the
sensor on_a second portion of the strip, wherein {he second portion of the
strip i sSHERL ’E)W‘ﬁgt‘qni' :Hg]f”eﬁ%rr %‘?roang?)‘flet with p smafdigmacter, eleetrical legdlsi s 15
folded at a fal ding point between the first portion of the strip and the
second pBoVidsa oafthe gpze sineimayshectin: Thts maveresylt ixhighyresisiepcersf thpeleetriealp and
the second portion of the strip forma stack of - strip portions.

100101 Ac teadsiiThg high rgsistanesrofght oldctmesaltleads mast leaditoodigab ratard gr avguwebagwi r e
arrangenent is provided. The nethod includes providing a strip; disposing a
sensor omfermagion frecested pfyr tekmmimabfide hBurser,i the salipaasipogersts @idiypndeéxd beo t he
sensor on a second portion of the strip, wherein the second portion of the

strip i sagsenibletl anddr@nibiokSdpePPhich &vedy tddhims hd iaBor m@hslv&g the strip at a
fol ding point between the first portion of the strip and the second WO
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10 , SUMMARY
[0009] According to one embodiment, a guide wire arrangement is provided. The
guide wire arrangement includes a strip; a sensor being disposed on a first portion of the
strip; a chip being disposed next to the sensor on a second portion of the strip, wherein
the second portion of the strip is next to the first portion of the strip; wherein the strip is
15 foldéd at a folding point between the first portion of the strip and the second portion of
the strip such that the first éortion of the strip and the second portion of the strip form a
stack of strip portions.
[0010] According to another embodiment, a method of forming a guide wire
arrangement is provided. The method vincludes providing a strip; disposing a sensor on a
20  first portion of the strip; disposing a chip next to thé sensor on a second portion of the
~ strip, Wherein the second portion of the strip is next to the first portion of the strip;

folding the strip at a folding point between the first portion of the strip and the second



portion of the strip such that the first portion of the strip and the
second portion of the strip forma stack of strip portions. [0011] According
to yet an¥Pr8r2/0HI$8di nent, a strip arrangenent is provi BEA/SCIHE08E38Y p
arrangenment includes a strip having a>first surface and a second surface;

at | east one first wire being disposed on the second surface of the strip
and electrically connected to the strip via a through-hole forned in the
strip; at |east one second wire being disposed on the first surface of the

Strip a“ﬁ%rﬁ&gs% Eﬂeﬁ%%é Yy R Gt Rl o el sirip bRPHR]ACHAMShirih bPhanot her

enbodi ne met formng a‘strip arrangenent is provided. The met hod
i ncl udes Rr vidiqgg%ﬁﬁriﬁéfa%Jng a first surface and a second 10 surface
disposinﬁ BOAET oheH %% re on the second surface of the strip and

el ectrical ly connecting the at_|eas ne first wire to the stri ia a

t hr ough- WBFé f orYTERFIINE toRst apother e t[’ Mtng stp P‘%%@Fmtﬁ?lte‘s%%%ﬂﬁp\ﬁ Fe on the
first surface of the strip and electrically connecting the at |east one
second witrip arrengementinejudes a spRbErngrYER) sorfaehpndm seepn NASIRYPNS] I n t he
drawi ngs, |li ke reference characters generally refer to the sane parts

t hr oughofitst wire beinfzfdisponed on thessecaitdesudfaesvphiths strireandotleataesdly sanndciediteo scal e,
enphasi s instead generally being placed upon illustrating the principles of
t he i nvefikisaip vihr thivmgh-bleofoimed thede rsirjit; iao feastwarei socmdenipobiéing disposedl t he
invention are described with reference 20 to the follow ng drawi ngs, in

whi ch: [ 8PdA it GuFtecel of s WoMG aidl Sledigsdly onh@fedvo @i @fip.a gui de wire -

arrangenent according to one enbodiment. WO 2012/060780PCT/ SG2011/ 000389
[0012] According to another embodiment, a methqd of forming a strip arrangement is
provided. The method includes providing a strip having a first surface and» a second

10  surface; disposing at least one first wire on the second surface of the strip and electrically
connecting the at least one first wire to the strip via a through-hole formed in the strip;

disposing at least one second wire on the first surface of the strip and electrically

connecting the at least one second wire to the strip.

15 | BRIEF DESCRIPTION OF THE DRAWINGS
[0013] In the drawings,. like reférence characters generally refer to the same parts
throughout the different views. The drawings are not necessarﬂy to scale, emphasis
instead generally being placed upon illustrating the principles of the invention. In the
following description, various embodirﬁents of the invention are described with reference
20  to the following drawings, in which:
[0014] Figure 1a shows a schematic top view of a guide wire arrangement according

to one embodiment.



6 [0015]Figure I b shows a schematic side view of a guide wire arrangenent
according to one enbodi nent. [0016] Figure 1c shows an inage of a first
surface oVORIRHIPE0of a guide wire arrangenent before tRETSOCRI/0PESY o| ded
according to one enbodi nent. 5[0017] FPgure id shows an i mage of a second
surface of a strip of a guide wire arrangenent before the strip is fol ded
according to one enbodinent. [0018] Figure le shows a schematic top view of
a guide wire arrangenent after a strip of the guide wire arrangenent is

f ol ded fol di ng poi,nt accordi.ng.{0.0n [ .gure if
shows _aalbgfﬁérrat lc;g“%’l eSl\‘?lwg\ﬁls e’%atlﬁ%?& e r%(gggg ‘(ragr‘?é%%"r?{‘ é‘%‘%lg% "géé)ﬁg?g i p of
the guide wire arrangement is folded at a folding point according to one
enbodi matﬁto.ne f’@b%]"lﬁf’bure 1 g shows an image of a first surface of a strip
of a guide wire arrangenent after the strip is folded at a folding point
accor di ni§01@ onEBigareodelishevys .an1Bpars2af pi Hisk eurfacs ehavirin ] arggdeo¥irs second
surface of a strip of a guide wire arrangenent after the strip is folded at
a fol di ngrapgéméntefoos th ngiptio fadel obuiigteone epbodizem. gure |i shows a
schematic top view of a guide wire arrangenent after a strip
5 [0017] Figure 1d shows an image of a second surface of a strip of a guide wire
arrangement before the strip is folded according to one embodiment.
[0018] Figure le shows a schematic top view of a guide wire arrangement after a
~ strip of the guide wire arrangement is folded at a folding point according to one
embodiment.
10 [0019] Figure 1f shows a schematic side view of a guide wire arrangement after a
strip of the guide wire arrangement is folded at a folding point according to one
embodiment.
[0020] Figure l1g shows an image of a first surface of a strip of a guide wire
arrangement after the strip is folded at a folding point according to one embodiment.
15  [0021] Figure 1h shows an image of a second surface of a strip of a guide.wire '
arrangement after the strip is folded at a folding point according to one embodiment.
[0022] Figure 1i shows a schematic top view of a guide wire arrangement after a strip
of the guide wire arrangement is folded at a further folding point according to ohe
embodiment.
20 [0023] Figure 1j shows a schematic side view of a guide wire arrangement after a

~ strip of the guide wire arrangement is folded at a further folding point according to one

embodiment.



of the guide wire arrangenent is folded at a further fol ding point
according to one enbodi nent. 20[0023]Figure |j shows a schematic side view
of a gui NMORPPYOEBPangenent after a strip of the gui de RCASGCAHYIQAGENent i s
folded at a further folding point accérding to one enbodiment. WO
2012/ 060780PCT/ SG2011/ 000389 7 [0024] Figure 2 shows a process of formng a
strip of a guide wire arrangenent according to one enbodi nent. [0025] Fi gure
3 shows a schenmatic top view of a strip of a guide w re arrangenent

accor di ngygzg) oneriGIFLOd WAL 2 b Q026} E&Iﬂﬂﬁf_adfstﬁ{)‘cb‘f’sa biBE SeirhrrahgeMnvi ew of
a strip of a guide wire arrangenent accordi ng to one enbodi nent.

[ 0027] Fi g&rogdé ?oh&‘éﬁeﬁ{b'&ﬁﬁn tschemat.i c diagramof a guide wre arrangenent
havi ng a senso‘c?’, a chip and w res disposed a strip of the guide wire

QT S RSN S TAN LM )
wres di ggcgf(ﬁgg %non% e];nibr(ﬁitmesnlfl.r face Qf a strip of
5 [0026] Figure 4 shows images of a top view of a strip of é guide wire arrangement
“according to one embodiment.
[0027] Figure 5 shows that a schematic diagram of a guide wire arrangement having
a sensor, a chip and wires disposed a strip of fhe guide. wire arrangement according to one
embodiment.
10 [0028] Figure 6 shows images of a solder bump formed on a test chip.
[0029] Figure 7a shows an image of two wires disposed on a first surface of a strip of
a guide wire arrangement according to one embodiment.
[0030] Figure 7b shows an image of a wire disposed on a second surface of a strip of
a guide wire arrangement according to one embodiment.

15 [0031] Figure 8 shows a guide wire arrangemént 100 having fixtures/holders formed
on a first surface and a secoﬁd surfacé of a strip of the guide wire arrangement according
to one embodiment. |
[0032] Figure 9 shows a guide wire arrangement including a housing according to

- one embodiment. |
20 [0033] Figure 10 shows an image of a guide wire arrangement according to one
- embodiment.

[0034] ~ Figure 11 shows an exemplary assembly process of arranging a sensor and a

chip in a stack on a strip of a guide wire arrangement according to one embodiment.



a guide wire arrangenment according to one enbodi ment. [0030]Figure 7b shows
an image of a wire disposed on a second surface of a strip of a guide wire
arr angeneNP 2826P®ng to one enbodi nent. 15[ 0031] Fi gur e PSTSE3NH/08038%i de
wire arrangement 100 having fixtures/folders forned on a first surface and
a second surface of a strip of the guide wire arrangenent according to one
enbodi nent. [0032] Figure 9 shows a guide wire arrangenent including a
housi ng according to one enbodi nent. 20 [0033] Figure 10 shows an i nage of a

gui de wi r{@038]r anBignrenl2 ah6ws dinNignagd dINe teTRRE e, arf DR K dlo Shows
an exenpl ary assenbly process of arranging a sensor and a chip in a stack

on a stridunfthy BhifslbeiRicHirEDediveRNEE TR ARGQ Q{dr%gsefcend)ﬁlﬁrfa%g%?qisffgﬁéfa Vo
2012/060780Pé&/8 011/000389 8 [0035]Figure 12 shows an I mage of a top view

of an ar'@gRiR Ardigundit LR WhnEOhRsuRoded fespectively on a first
surface and a second surface of a stri p of a gul de wire arr angenent
accor di ”9[063%] OneFi%m%Olq’i sﬁgvr\]/g a flowchart of a method of forming a guide wire arrangement
5 according to one embodiment.
[0037] Figure 14 shows a schematic diagram of a strip-arrangement according to one
embodiment.
[0038] Figure 15 shows a flowchart of ‘a methqd of forming a strip arrangement
_according to one embodiment. |
10
DETAILED DESCRIPTION
[0039] Embodiments of a guide wire arrangement, a method of forming a guide wire
arrangement, a strip arrangement, and a method of forming a strip arrangement will be
described in detail below with reference to the accompanying figures. It will be
15  appreciated that the embodiments described below can be fnodiﬁed ikn various aspects
without changing the essencve' of the iﬁvention.
[0040] Figure la shows a schematic top Viéw of a guide wire arrangement 100.
Figure 1b shows a schematic side view of the guide wire arrangement 100. The guide
\.>vire arrangement 100 includes a strip‘102. The strip 102 may be a cable. The guide wire
20  arrangement 100 also includes a sensor 104vdisposed on a first portion 106 of the strip
102, and a chip 108 disposed next to the sensor on a second portion 110 of the strip 102.

The second portion 110 of the strip 102 is next to the first portion 106 of the strip 102.

The strip 102 has a first surface 109 and a second surface 111. The sensor 104 and the-



[ 0036] Figure 13 shows a flowchart of a method of formng a guide wre
arrangenent 5 according to one enbodi nent. [0037] Figure 14 shows a
schemat i cwoizagramo1sof a strip arrangenent accordi ng to oreTSGhodoNEss? .

[ 0038] Fi gure 15 shows a flowchart of & method of formng a strip
arrangenment according to one enbodi nent. 10 DETAI LED DESCRI PTI ON

[ 0039] Enbodi nents of a guide wire arrangenent, a nethod of form ng a guide
Wi re arrangenment, a strip arrangenent, and a nmethod of formng a strip

arr angerghip 108 hlaylie digsced bedhd firsdetrdide 198] dvthavstrip Y02f &hentip- 162 mhpe
acconpanying figures. It will be 15appreciated that the enbodi nents

descri beghvbelaving30id? @ 178Kbh{ Weth the Waipi 100 SabPRAded. W t hout changing the
essence of the invention. [0040]Figure 1 a shows a schematic top view of a

gui de wi [oB4f " AROGIEGhbokiiRent {8 Weksok Ro2 %gsoeaa SRR omeshfiay bRknPf the

gui de wi rrangenment 100. The gui de wiré arrangenment 100 includes a strip
102. Theseﬁ;[orr.l a:rlig errreB‘rXbo%mg‘nt? @iQ lsgxiso;r P(?4 1%%.'}'1 gg a %r&? sensor, a pressure sensor, a

5  temperature sensor, an acceleration sensor, an angular velocity sensor, an electronic
compass, or an ultrasound sensor.
[0042] In one embodiment, the chip 108 may be an application-specific integrated
circuit (ASIC). |
[0043] Figure 1c shows an image‘of the first surface 109 of the.strip 102 (without the
10  sensor 104 and the chip 108) before the strip 102 is folded. Figure 1d shows an image of
the sécon_d surface 111 of the strip 102 before the strip 102 is folded.
[0044] Figure le shows a schematic top view of the guide wire arrangement 100 after
the strip 102 is folded at the folding point 112. Figure 1f shows a schematic side view of
the guide wire arrangement 100 after the strip 102 is folded at the folding point 112. The
15  strip 102 is folded at the folding point 112 between the first portion 106 of the strip 102
and the second portion 110 of the stﬁp 102 such that the first portion 106 of the strip 102
and the second portion 110 of the strip 102 form a stack 114 of strip portions. The strip
102 is folded at the folding point 112 such that the sensor 104 faces away the second
portion 110 of the strip 102 and the cﬁip 108 faces away from the first portion 106 of the
20  strip 102. The strip 102 is folded at the folding point 112 by about 175 degrees to about
185 degrees. The folded areas (e.g. the first portion 106 and the second portion 110) of

the strip 102 are secured using e.g. epoxy 118. The epoxy 118 may be biocompatible.



20 arrangenent 100 al so includes a sensor 104 di sposed on a first portion
106 of the strip 102, and a chip 108 di sposed next to the sensor on a
second poVPi2BR/P4BOof the strip 102. The second porti onPETECIIIAESLt i p
102 is next to the first portion 106 ¥f the strip 102. The strip 102 has a
first surface 109 and a second surface 111. The sensor 104 and the WD
2012/ 060780PCT/ SG2011/ 000389 9 chip 108 nay be di sposed on the first
surface 109 of the strip 102. The strip 102 may have a fol ding point 112
al ong whi[@045) he Blie stfip 102 nagrhabe a ffodtie dold{n@Qrbidt N6 anmgaitied ingamip 160e
sensor 104 may be a m croel ectronechani cal system sensor. |n another

enbodi Nemay HelTBrtBRIS1aEd. 104 nmay be a force sensor, a pressure sensor, a

t enperature sensor, an accel eration sensor, an angular velocity sensor, an

el ectr Oni[ﬁbﬁ?”paisi%ureqr sﬁgwyllﬁ Lﬁ@%%;ﬁ?éﬁ&?&{rfacé %&%ﬂ th@s g?lp%?&%ﬁ@%g , the

chip 108 may be ah application-specific integrated circ

[ 0043] Fi gure shows, .an i e .pf t.h i.r ur f.ac 09 of e strip 102
(i t hout " TokaBYen B ol ARG e %‘HPE‘%% o153 i f?’H’in%WP‘p‘tl?oElgﬁ? f ol ded.
Figure |1 d,shows an i mage of the second surface 111 of the strip 102 before
the sPri ghf %@’Flzﬂgaé?gﬁw[ssmg]sﬁrfg%ﬁ 11°féﬁesﬁ6%0%\(‘§’éh?éﬁﬁieisenﬂob 04andy of the
guide wire arrangenent 100 after the strip 102 is folded at the folding

poi nt 11she gy }% after the s 192 & foddpdrat thedfpldéngnoing 1dR- t he guide wire
arrangenent 100 after the strip 102 is folded at the folding point 112. The
15 stripl0@2]i s Higirdddlskowstdeshémhtid tog vpov of the pRideetivemrangéreertil08 aftgor t i on
106 of the strip 102 and the second portion 110 of the strip 102 such that
t he fi rsthepmrip il 62 islobledfat theefugthen fol dfPpaindl t6h Eiguec Dindhope atschdnatitGidef t he
strip 102 forma stack 114 of strip portions. The strip 102 is fol ded at

the fol divikgs @fahefuilld FigueAnidiaént 1be aﬁ@ﬂ_ﬁ@ﬁtrig(l‘mfi@ﬁﬂ?&edaa\t\/ﬁié fuRRerg61R13d
portion 110 of the strip 102 and the chip 108 faces away fromthe first
portigen H6ft Pf6 tTR€ strip 102 is folded at the further folding point 116 next to the chip 108 and
at the opposite side of the chip 108 than the folding point 112 such that the stack 114 of
strip portions 106, 110 is between the folding point 112 and the further folding point 116.
The strip 102 is folded at the further folding point 116 by about 85 degrees to about 95
degrees. To keep the guide wire arrangement 100 in the configuration as vshown in Figure
15  Ic, the chip 108 may be secured to the strip 102 using e.g. epoxy 118. The epoxy 118
may be biocompatible. | |
[0048] Figure 2 shows a process of foming the strip 102 of the guide wire
arrangement 100. Figure 2a shows a layer of titanium 204 disposed on a substrate 202.
| Figure 2b shows an isolation layer é06 disposed on the layer of titanium 204. The
20  isolation layer 206 may be about 5 pum thiék. Varibus materials may be used for the
- isolation layer 206. One example may be polyirﬁide. Figure 2c shows a negative

photoresist 208 disposed on the first isolation layer 206. Figure 2d shows that the

negative photoresist 208 is patterned to expose portions 210 of the first isolation layer



20 strip 102. The strip 102 is folded at the fol ding point 112 by about 175
degrees to about 185 degrees. The folded areas (e.g. the first portion 106
and t he SWOSAH/8BT80i on 110) of the strip 102 are secur eBCHESCAY100¢889 epoxy
118. The epoxy 118 may be bioconpatiblle. WO 2012/ 060780PCT/ SG2011/ 000389
10 [0045] The strip 102 may have a further folding point 116 along which the
strip 102 may be further fol ded. [0046] Figure | g shows an i mage of the
first surface 109 of the strip 102 (w thout the sensor 104 and the chip

108) af t €206t fike ségatipe AlitRoresistt 208dRLY 6 pdttashell BlyGipplyinQi Mf-odlRethdd. T5khe 5! h
shows an image of the second surface 111 of the strip 102 (w thout the

sensor 10% kot ikt nsdtilAs ligﬁaseafaneﬂhefekaﬁos%a trpioHioJaQ%w ot b 1?8?%(%} 1513%}?660! di ng

point 112. [0047]Figure |i shows a schematic top view o e WMre

ar r angenggimih0 Qnégﬂg%r 512 19k bk ati]v%éhht%rés%k 96 %sa}%: Eé\be% t:;) %géf)c\%g Irpgxttg):lg zﬂg poi nt

116. Figure 17 a schemafic e VIiew o gg ' _ 1ﬁgen%h
100 after  the. 1 p,102,1s folded at .the further fq% in poi_nt . e
strip 1oé’fid:3:e }S§fﬁ§g§ lgyer ?Pé Yﬂ?‘{“ﬁé’f’%‘?féﬁlﬂ Ry L{’;‘}o‘fsﬁii fory er?_é%%‘lﬂ 1%?%2}18-1 ?;ﬁ p 1g8
and at. the osite side of the chip 108 than the folding point 112 sucl
t hat %he ‘E‘“t@ggyei EAS Sravdpsinde it eRePismarsert tfargumseid endplaiinwe. Thel weta poi nt
112 and the further folding point 116. The strip 102 is folded at the
further fl&eaidlg peavnte 1fempy bbcnutigBizdend cwey the abwlitfogsndaljraties. offo keep
the guide wire arrangement 100 in the configuration as shown in Figure
15l ¢, t hantetgppnetdeon pads, bensetingr lows tand elvetreder sigs. T0gure 2 Kigpves at £AGthyr 118.
The epoxy 118 nay be bi oconpati bl e. : '
isolation layer 214 is disposed on the metal layer 212 and the isolation layer 206. Various
materials may be used for the further isolation layer 214. One example may be polyimide.
10 The further isolation layer 214 may be used for insulation purpose. Figure 2g shows that
a photoresist layer 216 is disposed on the further isolation layer 214 and is patterned to
expose portions 218 of the further isolation layer 214. Figure 2h shows that the isolation
layer 206, the metal layer 212 and the further isolation layer 214 are patterned and dry
etched to form the strip 102. The isolation layer 206, the metal layer 212 and the further
15 isolétion layer 214 may be patterned and dry etched using oxygen plasma. Oxygen
plasma can be used to achieve structures with steep edges and low surface roughness
such that electrode sites and connection pads inay be exposed and devices may be
detached from the wafer by etching. Figure 2i shows that the photoresist layer 216 is
- removed -and the strip 102 is removed from the layer of titanium 204 and the substrate
20  202. The strip 102 may be removed manually using tweezers. The strip 102 may be a

- polyimide (PI) substrate embedded with the metallization layers. The strip 102 may be

highly flexible and bendable, and may have a thickness of about 10 pm.



[ 0048] Figure 2 shows a process of formng the strip 102 of the guide wre
arrangenent 100. Figure 2a shows a | ayer of titanium 204 disposed on a
substr at ewdQB12/d6d1$0r € 2b shows an i sol ation | ayer 206 dipspesed ionodshe | ayer
of titanium 204. The 20 isolation |ayer 206 may be about 5 1.1mthick.
Various materials may be used for the isolation |ayer 206. One exanple may
be polyimde. Figure 2c shows a negative photoresist 208 di sposed on the
first isolation |layer 206. Figure 2d shows that the negative photoresist
208 is p@m rned L@ roR&¥st dORSorpdfAtiRE hdIA &idkSt micOhalsi M Agysr VO
2012/ 060780PCT/ SG2011/ 000389 11 206. The negative photoresi st 208 nay be

pattern j a: | i f1.-0ff , i 2 t is
disposegﬁS%XW%§B§¥%§§gHBd%%%ﬁ%ﬁsﬂgﬁgQ@gI{ %gﬁéﬁ?gﬁﬁﬁﬁ faJ&?ﬂ%B%E(%%rning
nmetal layer 212.. T atiye photoresist 208 is renpved to expose portions
213 of t%émi ﬁﬂé}h’i gﬁxiﬁi‘%ef’nazloﬁﬁmifhﬁ oﬂg’S{%tFSer TNQFKS e emb°§%e§e‘$r8§est’ he metal
| ayer 212. The netal |ayer 212 may |nclude any one or re of titanium

gol d andmjrepnngiien PrAsanfsoadugtingdrac ?L?reerVege%Teoﬁ’ﬁﬂH“%n&ébﬂ’t & - and may
be used for netallization of interconnection pads, connecting |lines and

el ecty odée sinired 02)Frgu plowfinteronaedtinnt ofasifiean; pleps and|sutfacsnmpusiedevices | s

di sposed on the netal |ayer 212 and the isolation |ayer 206. Various

mat er i al SMiBg) dpeheipdgliniide (RIhsubbrateher i sol ation | ayer 214. One exanpl e may
be polyimde. 10 The further isolation |layer 214 nmay be used for insulation

pur pose. [0B5@ur e R2feriskO\Ws Rifiat A, peobwipesdStindlwdesra Al ibdatibns piysed1on t he
further isolation |layer 214 and is patterned to expose portions 218 of the

further é@@ﬂﬁfgiaoﬁksi Q¥fke PIrof tik Siviha 02 arndnoWBorddiadlatidialer Q08 biidih@yer 206,
the netal layer 212 and the further isolation |ayer 214 are patterned and

dry etc tihe i By ) i s0liabi | |ayer
212 andhts‘%ﬁ%ﬁfaért Cg]r“rliSOi?g%l ga{? gﬁ)zl' E}B‘Srét i@%aég%bgﬁggh é%%gtgf a gpgtrl% et ched

usi ng, O%g)go@%cg%ﬁg& thgfi}{ﬂ?lﬁd Rl AR Rsofiidn 5 e%fﬁgt iéeﬁ. ggﬁf;oﬁéf %f&{tgé:;ng%gs with

steep e OW surtace roughness such ode si

connection S _may be osed and,devi.ces y he detached from waf er
by ot chi FEEr R0 geF Bhoseiei et fat ROHoHBNS AR e el STadt gafbaadyed and
the strip 102 is renoyed fromthe |ayer of titanium 204 and the substrate
20 202. Tifelist prsere ‘Wtﬁéq]?ﬁéﬁ%%‘bl FP&rmay Wiwas’éim ifvigice J BF Suetebayest i p 102
may be a polyimde (Pl) substrate enbedded with the nmetallization |ayers.
The st ri P20y inglpdpannengiryngre ektitgnisny ggldrad pladtosm. and may have a t hi ckness

of about 10 i.tm WD 2012/ 060780PCT/ SG2011/ 000389
[0051] Figure 3 shows a schematic top view of the strip 102. As shown in Figure 3,

15 the ‘strip 102 has first to fifth metal contact pads 226a, 226b, 226¢, 226d, 226¢ (e.g.
uncovered portions 224 of the metal 'layer 212). The strip 102 also includes at least one
through-hole 302 formed through the at least one metal contact pad 226 and the second
isolation layer 204 (not shown). For illustration purposes, only one through-hole 302 is

- shown in Figure 3. The through-hole ‘3 02 is formed through the third metal contact pad

20  226¢ and the second isolation layér 204 (not shown).. In one embodiment, the through-
~ hole 302 is a via.

[0052] ~ Figure 4 shows images of a top view of the strip 102. The strip 102 has two

parts, namely a center part 402 and an outer part 404. The center part 402 has bonding



12 [0049] A nulti-layer process of incorporating nmetal tracks, mcro vias
and Mcro Flex interconnections is described above with reference to Figure
2. The prwoesr/mwersof orm hi ghly flexible and ultra-thin sabsceati®sodsher e
metal mcro el ectrodes, interconnecti®Bn pads and conducting tracks are

pl aced. The polyimde (Pl) substrate (i.e. 5the strip 102) can allow

i nterconnection of silicon chips and surface nount devices (SVDs) on the
polyimde (Pl) substrate. [0050] Referring to Figure 2i, the strip 102

i ncl udesstactire 906 ifeodaticoo hohdiye and® Idetgr wadedi40§ far klecsicalstnaanl@Bhof t he
strip 102, and a second isolation | ayer 206 providing a second surface 111

of the siefapwio? ThEendingistudii A6Sahdi the it Srades BB ahay edtREpotliZo 1
di sposed between the first and second isolation |ayers 214,” 206. Portions

224 of tfg mattalﬁﬂ@wal%&gtaa Zlgade@cz@xeim! BYed *}9631'1233% dfsfq '30%' ogyer 214

to formmetal contact pa S The first "and second i sol ayers 214,

206 may | clude The 212 ude an nor e
of titani urﬁdmde tdt?1 dé%l g%lfe i Fﬂg%%l #ﬁ&? gb%ltgﬁ% 31%8%% Agdl 16p vi ew
of the strip 102, Ag shown in Figure 3, 15the strip 102 has first to fifth
et al® co%%la%cﬁe dyweh the genterpash 402 Hig thin pelyimilsgraces 410 Thecbirepelyingde t i ons
224 of the net aI | ayer 212). The strip 102 al so includes at |east one

t hr ough-tresee4 BDean by wasd a5 ldingipoirie (8. folding pamtel 12t Aigwonb asd figtdr 226 and
t he second isolation |layer 204 (not shown). For illustration purposes, only
one t hr oolgmghpdint Bi®2ofi Bgwaden The duitgypas @4 cih e tibedofog hamthing ad@2an Be f or med
through the third nmetal contact pad 20 226c¢ and the second isol ation |ayer
204 ( noteasihovam .offl #ftcdneseaiBtp dF RN devicbeandnetal Brikolod tBO 2tripS1@. Yh 3ne

[ 0052] Figure 4 shows inages of a.top view of the strip 102. The strip 102
has tWwo embodiment, the width of the outer part 404 may be about 2 mm. Both the center part
10 402 and the outer part 404 of the strip 102 can ease the assembly process of components
on the stﬁp 102.‘
[0053] Figurg 5 shows that the sensor 104 and the chip 108 are disposed on the
uncovered portions 224 of the metél layer 212 for electrically connecting the strip 102.
The sensor 104 and the chip 108 are disposed on the first contact pad 226a (Figure 3) and
15  the éecond contact pad 226b (Figure 3) respectively.
[0054) Figure 6 shows images éf a solder bump 620 formed on a test chip (not
shown). In one embodiment, the solder bump 620. may have a 90 pm pitch and a diameter
of about 40 um. The test chip having a plurality of solder bumps 620 may be formed
. using the following exemplary process. An oxide layer and a silicon nitride (SiN) layer
20  may be deposited on a wafer. A 7 um negative resist coating may be deposited. Metal
layers of Chronium(Cr)200A/Platinum(Pt)5000A/Tin(Sn)5.5um/ Platinum(Pt)100A may

be deposited on the negative resist coating. After resist lift off, the test chips may be

patterned. After wafer thinning and dicing, the test chip with a size of about 350 pm x



parts, nanely a center part 402 and an outer part 404. The center part 402
has bonding WD 2012/ 060780PCT/ SG2011/000389 13 structure 406 for device
bondi ng awmo 20et@mb780r aces 408 for electrical connection RCTISGaetiab03sdr es.
The bondi ng structure 406 and the metal traces 408 may correspond to e.qg.
the first to fifth netal contact pads 226a, 226b, 226c, 226d, 226e of
Figure 3. In one enbodinent, the wwdth of the center part 402 nmay be about
250 11111. The outer part 404 is 5 connected with the center part 402 via
t hi n pol y30nntiend & deipht 41 BbouT B60 tum MmagWeyobraided. th ageherddbodaneesdidsd as
folding points (e.g. folding point 112 of Figure Ib and further folding

poi nt 116,98 62(0Ha$ bEUbrmdd &sifg' b &liffB@ht %n%@%g %ﬁ‘ﬂie ?”@ g(’ﬂﬁ &thd wgg %\%Mlhg g and

can be easily torn off after assenbly o es and es on

the strip. . ] i . i the outer part 404 may be
about 2 ﬁ%ﬁ;gé&l#g?cﬁgﬁggﬁt&g%%&%ﬁ E%nglg%gp? ie outer part 404 of the strip
102 can t he assenpl r ocess .0 Q ents on the strip 102

[ 0053] Fi @35@ 5 WS ’qﬁ%%/e"g‘?{el%ge%é&{‘e 358 108 Py V‘Eﬁ‘?laerllb‘g’l’ér(%gd?c’%%sed on
t he uncovered portions 224 of the netal |ayer 212 for electrically
connett i PRRHRAOtHigprg @) forplretricehewmeqienns ayith the frss gpryactpad 2262 andstiesed on
the first contact pad 226a (Figure 3) and 15the second contact pad 226b
(Fi gur e Spondeepntact padeldpb repednelyi- gure 6 shows i mages of a sol der bunp 620
formed on a test chip (not shown). In one enbodi ment, the sol der bunp 620
may have[0856]0 [ Refepiing backnth HigtiaAptetcasf ombiist wife 6a2mis disgostdoh théi p
having a plurality of solder bunps 620 nay be fornmed using the foll ow ng

exenpl arsec@idxwetase 1 Anofaké steip 183 and andtashesli th itleorhird infekd] denthdiphll 2b@y@s 20 may
be deposited on a wafer. A 7 ptmnegative resist coating may be deposited.

Met al | age krrowdh-Kd1E 900, Wt Pruke ity fopdst ) WAl GRAAViH msgl&véﬂﬂiﬁgure .
Pl ati num(Pt) 100A may be deposited on the negative resist coating. After
resigf |6 ftneQfrbe wid 6ol @ﬁ&n&éh&%ﬁgm tﬁﬁ)ugh-hole 302. An image of the two second
wires 6043, 604b disposed on the first surface 109 of the strip 102 is shown in Figure 7a.
[0057] At legst one second wire 604 is disposed on the first surface 109 of the strip
102. For illustration purposes, two second wires 604a, 604b are shown in Figure 6. The
two second wires 604a, 604b are éttached to the fourth metal contact pad 226d and the
15 ﬁfth metal contact pad 226e respectively. An image of the first wire 602 disposed on the
second surface 111 of the stfip 102 is.shown in Figure 7b.
[0058] The first wire 602 and the two second wires 604a, 6O4Ib. may be attached to the
gorresponding metal contact pads 226c, 226d, 226¢ using conductive glue or solder
~ material. The solder material may inciude solder paste or solder alloys. Various materials
20  can be used for the first wire 602 and the two second wires 604a, 604b. The first wire 602

- and the two second wires 604a, 604b may include any one or more of aluminum, copper,

titanium, tungsten, gold and silver.



patterned. After wafer thinning and dicing, the test chip with a size of
about 350 Jimx WD 2012/ 060780PCT/ SG2011/ 000389 14 350.tm and a hei ght of
about 400wotxmammy7sbe obt ai ned. 1 n anot her enbodi ment, seCuisG2oupssss20 nay
be fornmed using a different nmethod sush as gold stud bunping using wire
bondi ng equi prent on e.g. a test chip alum num pad. [0055]As such, the
sensor 104 and the chip 108 nay have sol der bunps (e.g. solder bunps 620 of
Figure 6) for electrical connections with the first contact pad 226a and

t he secop@sepnt altie apratdge@amip of éspesing thelfirst WidO6®) befhersetond shfade 11a dfi gure 5,
at least one first wire 602 is disposed on the second surface 111 of the

strip 10%heash 162 aiid acPSshe @e R skdtind Clvibat G4a COUMASGL the Felst 23B6ceVid Jhe

t hrough- hol e '302. For 1l lustration purposes, onIy one flrst wire 602 is

shown i ngfid g‘éﬁ??zlé’% Bsavd @ﬁac@f&sg} :%ufdé v@i@@ar‘?&ﬁggxgxgﬁtf f $HY R t@zoapgh hol e

302. An ima e two secon res 604a I sposed on t rst
surface 109 of th i hS shown n _Fi Y 0057 t one
second vvlilhre 8(? “4 wr%spé)bgedgo Phé* as th “Qr 6{@% rfe afTﬁegesn?eﬂt gquZ. For

illus ion pu eco W res 604a, 6 are s n Fi gure 6.
The tho SEEBARS %p Fliogp pive @zﬁbﬂ%ﬂ@ﬂam&aﬁaﬁ% D8 el B caBnt act
pad 226d. and the 15fifth netal contact pad 226e respectively. An imge of
the firsbe abtamedoBordexappiedyoringnthe fslonde 17 fand dhep o sgcopdhaviees (602,102 i s
shown in Figure 7b. [0058] The first wire 602 and the two second w res 604a,
604b may o6& with aclimkt¢roftabeutcidlOries pogaile yiretahgaomt 400 hpaos a ARGeter226d,
226e using conductive glue or solder material. The solder material may

i ncl ude gohKlRE 38@$hE oPles$ BAHIBE oBtaln@Y SThVAfst Qe 6B &1d! Bt $wo second wires

604a, 604b can provide electrical coﬁnections and mechanical support for the guide wire

10  arrangement 100. Further, the first wire 602 and the two second wires 604a, 604b with
sub-millimeter diameter may have low resistance value.
[0060] In one embodimgnt, the strip 102 may be folded at the folding point 112 and
the further folding point 116 after the sensor 104 and the chip 108 are attached to the strip
102 and before the first wire 602 and the two second wires 604a, 604b are attached to the

15 strip 102. In another embodiment, the strip 102 may be folded at the folding point 112
and the further folding point 116 aftef the sensor 104, the chip 108, the first wire 602 and
the two second wires 604a, 604b are attached to the strip 102. |
[0061] Figure 8 shows that the guide wire arrangement 100 includes fixtures/holders
802 formed on the first surface 109 and the second surface 111 of the strip 102. The

20 fixtures 802 form a guide for wire attachment to the strip 102. In other words, the fixtures
802 may be formed before the first wire 602 and the two second wires 604a, 604b are .
disposed on the strip 102. Varibus materials may be used to form the fixtures 802. The

fixtures 802 may include silicon or polymer.



20 can be used for the first wire 602 and the two second wires 604a, 604b.
The first wire 602 and the two second wires 604a, 604b may i nclude any one
or nore oWoabiwnenism copper, titanium tungsten, gold amrdTsG2eEr000389\0

2012/ 060780PCT/ SG2011/ 000389 15 [0059l6The arrangenent of di sposing the
first wwre 602 on the second surface 111 of the strip 102 and di sposing the
two second wires 604a, 604b on the first surface 109 of the strip 102 can
save space for the guide wire arrangenent -100. The first wire 602 and the
two secolfl62li r eVspgathe Bomtesc¥H? aan eansble heire gitechsfient He hpusidwle meore
arrangenment 100. -Since no core elenent is used, a guide wire arrangenent
100 havi meljatde, s | hodi rasetffaturalsln. enoohixtareseatle ubenly tlex@mpdeeondoyirds 604p, t he
first wire 602 and the two second wires 604a, 604b with a di aneter of about
100 um @4BUisRsod be ting Fiesd gemRdet 10508F hVitig 182 Haddred BE pafallab@Urev® - 1. m or
| ess can be obtained. The first wire 602 and the two second wires 604a,

604b can BVl BlewEdneht o ecGRNIGEE 6085 G0, ‘TFE& BENbERee YRPRYS sdcBhd t NE
guide wire 10 arrangenent 100. Further, the firSt wre 602 and the two

second w res, 504 604b i th sub-m | |ineter, di aneter .ha

oot 9 antaSaRAS01eoR b AR il Hetrib? B0 RsoiB5 Y04 W dea a
the folding paint 112 and the further folding point 116 after the sensor
104 and PREPEREPLY B8 sHrghbiarActrain distapes alpng et swtice dPY ok thendrip j r st
wire 602 and the two second wires 604a, 604b are attached to the 15 strip
102. | n HRdeigerbantBodinmrantoweyrs, ¥y diffiqdotordpysobwitiiayk Hatirest 8021wehengheli ng
point 112 and the further folding point 116 after the sensor 104, the chip
108, t hewire¢srimive nismell @3@netercnd e sofio Thearefone byiusing BOuites 8020 the agtachnait ached t o
the strip 102. [0061] Figure 8 shows that the guide w re arrangenent 100

i ncl udeshetwednuhe it olida02 a8802hd evomdomhwirbe6d4dal 604bsandithe strip 092 amglbd he
second surface 111 of the strip 102. The 20 fixtures 802 forma guide for

Wi 1 epat tiﬂ%M@HlTﬁ&efb&?t}ﬁtgﬁd& vHIZ arrddyeRieRET 00WRA FHRaveieRer tharducBFalfi}e. may be
formed before the first wre 602 and the two second wires 604a, 604b are
di sposedrinsHoigh SbhdwRed We WA et WRES b, sédlﬁye.%ecdﬁ§&fjb QvERoW bpe
fixtures 802. The fixtures 802 may i nclude silicon or polymer. WO
2012/ 0600%%91'130% E%O&js/o%gp #3ridPused to attach the two second wires 604a, 604b to the
| strip 102 can be prevented by using fixtures 802. Therefore, the guide wire arrangement
100 may have better reliability. The fixtures 802 can provide mechanical and electrical
15 coﬂnection between the strip 102 and the wires 602, 604a, 604b.
[0063] Further, a non-conductive layer (not shown) may be deposited on the first
wire 602 and the two second wires 604a, 604b. The non-conductive layer may be
deposited using chemical vapor deposition, spray coating or dipping in molten polymer.
- Various materials may be used for the non-conductive layer. The non-conductive layer
20  may include polymer or Parylene C. The non-conductive layer may be used for insulating
- the first wire 602 and the two second wires 604a, 604b. The two second wires 604a, 604b

may be covered with the non-conductive layer to prevent short circuit. The non-

conductive layer may have a thickness in a range of microns (um).



[ 0062] Using the fixtures 802 can enable wire attachnent to be sinpler, nore
reliable, and nore manufacturable. If no fixtures are used, the two second
wires 604%02804808Psposed on the first surface 109 of tRETSGCRIP/09EPEY have to
be parallel to prevent shorting betwe¥n the two second wires 604a, 604b.
The gap between the two second wires 604a, 604b is preferably about 40 | AM
As such, the two second wires 604a, 604b nmay preferably be straight for a
certain distance along the first surface 109 of the strip 102 (e.g. about
3-5 ). [Pdver Figite 9 shouis flidt thel guideowilo asangeiniehol 00 fhithdrichsie8@Aowdign t he
wires have a snmall dianeter and are soft. Therefore, by using fixtures 802,

the att acligeAtpahel veaholehs thd stsp 108 Ay 6O 2ecandd ik the hBsiSE 90N & HBiLEGgn S04,
604b and the strip 102 can be 10 inproved. Therefore, the guide wre

ar r angensipd ,ﬂag,q,erggnagﬁ@gﬁep@ggt%inganuf acturability. The shorting between the
two second wires 604a, 604b e.g. caused by overfl ow of conductive glue or

sol der i al ond wires 604 04b.to the strip
102 can nggﬁ%'r] eve}r;li%g% lttg);Shg;évlg %gq?%%eaﬁé\% %‘gpf.w%%rrrael}gswg?t fq%)e?tgqﬁfl&g i e
arrangement 100 haye better. reliability. The fixtures 802 can provide
mec hagi (r:n;f On}ilﬁl ureqvg%fhra?}c/hael (i)li%%tSr‘i’ﬁ‘@ccPP‘(?ﬁn%’éﬁ’\ﬁé’eﬁhet HEsLy Wpa‘f(fglpah@’ thie wires
602, 604a,. 604h. 0631Fur.ther, a non-conductive |ayer (not shown) may be
deposi t ed"'61 @ﬁe@?z’r sﬁg%vi"‘f‘@ Fpomuligreten diamgiers and the Iktrees/hollaes 80804ts. The
non- conductive |ayer may be deposited using chenical vapor deposition,
spray coditfgated ondhe@ring 02 fe-god thimbisepmnasible flexiblowsrcnint Fhe strip 198yndye used
for the non-conductive |ayer. The non-conductive |ayer 20 may i ncl ude

pol ymer beveraflspiblasalde eftasiorn H02omdadbideé flemylerpontion WO4used for insul ating
the first wire 602 and the two second wires 604a, 604b. The two second

Wi res 604066504 Sineythbstriponerie chimiahd carthiee fddeds thiedegdor 104 hay @k chp Rgevent
short circuit. The nonconductive | ayer may have a thickness in a range of

m cro0s céihe pladid 261y §186 680 $54Qd. 111R0H3S9 dgsznht@&péfésgh%gﬁ’e $nsdjows that

the guide wire arrangenent 100 further includes a housing A part of or

whol e of 1phendthe icHin]-lQ)% YERY; RAnb&C§HY siidf' E%x Igfe JEH@ Zbgﬁéd\?\tgg Stﬁ‘mﬁ)% hausi ng 902

may be a plastic sleeve or tubing. [0065 ure gemgf t he
gui de wi r g en.o5 fromFigure 10 at. the

di scret eﬁ??%yglgégrr%gﬁg{rﬁ %%Q%r. 2164 tcaﬁg tggr??lg’r 9% gre t*‘ﬁgl]‘eéh?%“&o ¢ f%)n%w’\ﬂrgr es 602,
604a, 60 ith sub-mmillineter,d aneter, .a he fixtures/hol ders 802, are
i nt egr at g%cﬁké%%éesg?lﬁsﬁhifﬁnst)%.1%1. ay Ehﬁl %‘%?@%gﬂﬁﬁﬁrﬁﬂl@dﬂpéﬁt?ﬂ Tethecuit) .

The strip .1 may h .a flexible cable extension 1002 and a fol ded
f1 exi bl eEtBB%? ShtheRgifai of s Sof ™

‘15 [0067] Figure 11 shows an exemplary assembly process of arranging the sensor 104
and the chip 108 in a stack 61; the strin 102. Figure 11a shows that solder bumps 1102 of
the sensor 104 are aligned with a corresponding metal contact pad‘ 1104 on the strip 102.
The solder bumps 1102 of the sensor 104 are bonded to the metal contact pad 1 104 of the
strip 102 at about 270°C e.g. using Fliia Chip anding machine. Figure 11b shows that the
20  strip 102 and the sensor 104 are flipped over. The chip 108 is bonded to the sensor 104
through‘ a via 1106 in the strip 102. Solder bumps 1108 of the chip 108 are aligned with

the solder bumps 1102 of the sensor 104 though the via 1106. Bonding of the chip 108



[ 0066] Since the strip 102 is thin and can be folded, the sensor 104 and the
chip 108 10 can be placed side by side or can be stacked. The above
descri pt i ¥R 20246P780es t he sensor 104 and the chip 108 bECAGCAIVIAAGEY si de
by side on the strip 102 and the stri}¥ 102 being fol ded such that the
sensor 104 and the chip 108 are stacked. Thus, the follow ng description
descri bes the sensor 104 and the chip 108 being arranged in a stack on the
strip 102 without folding of the strip 102. 15[0067] Figure 11 shows an

exenpl ar y, AR Ss¥r POPGEPSrfGHneAr 412NFeMBy tEBp SENROIFi aeckHblie £hhg 108 in
a stack on the strip 102. Figure 1 |la shows that solder bunps 1102 of the

sensor 10 1916 MR8 b B £ELIAPTGN ReuiTE! o GO Ao B 14304 on the

strip 10 € so e sens are bonded to the netal

bondi ng RER! no. PP SnaY o ithesCha@P W Of 36 ooty i Vel o

104 are flipped. over. The chip. 108 is bonded to th ensqr 104 thrqugh a
via 1106dWMHmY 1@t(Figpthf@Q?S°SdBﬂléP§M§P igggeg}ecv@ @ﬂ?%gf@égaf%’ aé‘ﬁi gned
with the solder bunps 1102 of the sensor 104 though the via 1106. Bondi ng
of th® chotpom egfacerrDiye Slepblerdoritr-ccpcha fivooadge 189 apdithesecond sudece104 i s
performed at a reflow tenperature. Figure 11c shows a final structure 1110
of the séhbkof theGimheR. tOmdy ohé puh0§ iy Gengyeble samser) boadskd carthe st strfags 102.

[ 0068] Figure 12 shows an inmage of a top view of an arrangement 1200 havi ng
two dummyoebf e {tep 402 ihshosenmoFigif4 2aMhettive duninpy ERiP3 ntagdpee hisvel of bonded
on the top and bottom surfaces of the flexible circuit, i.e. on the first

surface 10356 pihe3steeandd 8 Wit Ress dflabotf 400 8nstrip 102. Only one dumy
chip (e.g. the sensor) bonded on the first surface 109 of the strip 102 is

h [ j 12 The t _Ghi ' 0ji
350" pm oS8t hitemgcfboRe e pl, R BoraPHEC100 B O FaRHma) LT

i t 100 be,. ] Ni 10, i ' intras | di cal
P e R S SN ST A A

uses e.g. tactile sensor, pressure sensor, cochlea inplants .or_ inage
sensor. TEoKFleRidgwiRe hiFl Hefs feh ol ioseRasr BESHER e B Relnfaigs.
[0070] The guide wire arrangenent 100 can use folding of the strip 102 to
achi eve #magsrsensesl Theignide wire aryesmant 190 maydedispd ay paromakgndeadhe chip 108.
The vertical stack 15 arrangenent of the sensor 104 and the chip 108 can
enabl e {0078 ur iTatguole Wise atringegend 00 ana1se foldimg el stip 002 Thashievelae gui de
wi re arrangenment 100 having a small dianeter can be achi eved. .

vertical stack arrangement of the sensor 104 and the chip 108. The vertical stack

15  arrangement of the sensor 104 and the chip 108 can enable miniaturization_ for the guide
wire arrangement 100. Thus, the guidé wire arrangement 100 having a srﬁall diameter can
be achieved.

[0071] Further, the guide wire arrangement 100 can be formed using a simple and
~ better manufacturability process. In o£her words, the strip 102, the sensor 104, the chip

20 108 and the wires 602, 604a, 604b can be integrated Without complex process steps. For

' examp1¢, the sensor 104 may be easily mounted on the strip 102. Thus, lower costs may

be incurred for manufacturing the guide wire arrangement 100.



[0071] Further, the guide wire arrangenent 100 can be fornmed using a sinple
and better manufacturability process. In other words, the strip 102, the
sensor 10WO20RYHBHPp 20 108 and the wires 602, 604a, 6EEH/SEIN1HA0389
integrated wthout conplex process st¥ps. For exanple, the sensor 104 may
be easily nmounted on the strip 102. Thus, |ower costs may be incurred for
manuf acturing the guide wire arrangenent 100. WD
2012/ 060780PCT/ SG2011/ 000389 19 [0072] Figure 13 shows a flowchart 1300 of a
net hod of[0072] ni nBigaregld dkowsé meflawelangE3MNbE aAnethdddf farbingi 4 ghide prigyi ded.
At 1304, a sensor .is disposed on a first portion of the strip. At 1306, a
chip is dinapgsesht RXI3020a §tHB iSHHOFRIEd O B0IEE WMoIQ lshORd ¥h o S sfid- The
second portion of the strip my be next to the first portion of the strip.
At 1308, LAY 1286 T f i i ! portion
drie g iR 1386, aoéh%gpcgsﬁopged I@X?{otntﬁe RS orpz%e@ﬁrﬁf &F(}rﬁ&% {)11:3 th? Igtpg

of the strip and the second Ion o e strip such that t
portion t tri . second rti,on.of the strip form tack of
strip po?f{}lle()sg(%’.na[p@b%ag}ﬁgé gt?’ P ir[gjgyngaﬁln‘gxg R (k)qe & t%‘}A}?Ihg}?%lsmpnét639§§1tt€%uch
that the senso ces fromthe second portion.of the strip and the
chip facé paﬁa{?l‘{ea%at %E‘E%F Pent ﬁSquBﬁﬁ%%rSct HReTHeR %ﬁ&‘lep?mpl' Aed gersegonthy be
folded at the fol ding point by about 175 degrees to about 185 degrees. The
met hod mR§THORrAfHBe strincugh dhat dhegfirsg pomionf ithesteip and the sasend pextiah o thyoi nt
next to the chip and at the opposite side of the chip than the folding

poi nt suéhiptfierm atstack of gk poftions.r i p portions is between the fol ding point
and the further folding point. The strip may be folded at the further

fol ding pA73i byTleboup nBy efpided st tloe folbding pSint siedirthststhe 3&{s00BE¢sTheayst i p
may include a first isolation |ayer providing a first surface of the strip,

a second fioanihatst@ndlpaytsn ¢fthy bttibn@d ahs&ap ftes bwhpf8mahe HRE psitiohf tRNd a
nmetal | ayer disposed between the first and second isolation |ayers. The

net had meiipf Umt Reip in@?'ldéct@lcfegrﬁ@\{ﬁé"'ﬂ)ldlﬁétpioﬁi?gbyojboﬁpﬁﬁc iiég%es!@%lba\gti 3 | ayer
to uncover portions of the nmetal |ayer. The Uncovered portions of the netal

| ayer mayefeEmrie h@thog%%ﬁ%hgﬁgﬁludz?&gﬁxg r}ﬁcg %tri? rélg a tfﬁ'l%e? P 18%@853%&6

di sposed on the uncovered portions o a ayer r rically

connect A0 NGShiPas LABTL TIR B0, TN RISk B o2
| sol at Ogtrljpa o?tridns-lrsh get\r{fget:nh&lg fgﬁ%gfp%rirgt fallgé the further folding point. The strip may be
folded at the further folding point by about 85 degrees to about 95 degrees.
15  [0074] The strip may include a first isolation layer providing a first surface of the
strip, a second isolation layér providing a second surface of the strip, and a metal layer
disposed between the first and second isolation léyers. The methdd may further include
removing portions of the first isolation layer to uncover portions of the metal lasler. The
| uncovered portions of the metal layerv may form metal contact pads. The sensor and the
20 chip may be disposed on the uncovered pbrtions of the metal layer for electrically
- connecting the strip.

[0075] The method may further include forming at least one through-hole through the

at least one metal contact pad and the second isolation layer. The method may further



WO 2012/ 060780PCT/ SG2011/ 000389 20 include di sposing at |east one first
wire on the second surface of the strip and attaching the at |east one
first w r®O2812%/0¢8784t | east one netal contact pad via thECTHE3UINORE? e, and
di sposing at | east one second wire orf%the first surface of the strip and
attaching the at |least one first wire to another nmetal contact pad. The at
| east one first wire and the at | east one second wire nay be attached to

t he correspondi ng netal contact pads using- conductive glue or sol der

mat er i al .in¢lade7dippusingrasti¢rstiomrafirst witehnar the sedond esuffarendfithe Siriptand estaching he
first surface and the second surface of the strip. The fixtures may forma
gui de f ortheratrleasabhadirsrite toahé heleadt onp metil@onthed Vidyhef HfduBRhoieNghdIde
depositing a non-conductive |layer on the at | east 10 one first wire and the

at | east dpesiigadNdstbrctsecdiiewitetmCRB &t dvRcd 8V 8k sﬁ?ﬁ’axﬁ?at@a%ﬁﬂxgithé‘ on the
W res using any one of chem cal vapor deposition, spray coating and di pping

R R S e S e R S ey

of the strip using epoxy. T I'ncl'ude p aC|Hﬁ

or whqle st.ip.i.0 & housing 5 [0077]1n one enbodi ment, the guide
wire gr r é)ﬁéesﬁc}gn d &ryé{? H{aa eg% agt? chhleg flonﬁé‘f L%???P%ﬂ?d}‘ég. gretdl Fomigst ppads cushige” A
sensor and(? ﬁhig_nag a%ﬁdisﬁgied at one end of -the strip. In one

enbodi mePPFHE SBRELIO'UREPAHE chi p may be arranged adjacent to each ot her
on a sa urface of the strip. The strip may then be fol ded such that the
sensor gﬁ%‘%ﬁhe chiegngthed pry futhesdpelude &wmﬂe%wres enghofitse suréavbedd tent , t he
sensor and the chip may be arranged in a 20 stack on the strip e.g. via a

t hr ough- Besad jsurfadeeotsthe ispip. The fHenwee manfdrmhe gaide fommire agtaciniene e chet 0
respective netal contact pads fornmed on the strip such that the sensor, the
chi p andstripeTh¢ miehodreayefiether inchide ydepasitivera @on-condictive layer on the at least

2012/ 060780PCT/ SG2011/ 000389 21 100781Further, wires may be di sposed on the

strip0 Abnd dast wireendi the del¢asdeondi SROSEWiRN Thel hdnSdondtbthacCRy@f mh@est ri p
and at | east one wire may be di sposed on a second surface o¥ the strip. The

Wi res nmayeggitéd baeiedirt usifs RAE bhY &f TRLMlcaCOPorAbpRAMS, ERLIRH.R Lje strip
such that the wires and the strip are electrlcaII% conn ctgg. §§E1east one
wre may dﬁ%ﬁing in molten polymer. The method may further include securing the folded areas of
the strip using epoxy. The method 'may further include placing a part of of whole of the
strip in a housing.
15 [0077] In one embodiment, the guide wire arrangement may have a strip in a form of
e.g. a flexible cable. A sensbr and a éhip may be disposed at one end of the strip. In one
embodiment, the sensor and the chip may be arranged adjacent td each other on a same
surface of the strip. The strip may then be folded such that the sensor and the chip are in a
~ stack arrangement. In another embodiﬁlent, the sensor and the chip may be arranged in a
20  stack on the strip e.g. via a through-hole i,n. the strip. The sensor and the chip may be

- attached to respective metal contact pads formed on the strip such that the sensor, the

chip and the strip are electrically connected.



5 guided through e.g. a through-hole fornmed in the strip. Fixtures or

hol ders may be forned on the strip to act as wire guiding structures. The
fixtures YP2AVHETBE may al so act as insul ation structur EETHEENIOABNe wi res
to prevent shorting. In addition, an 3nsul ating or non-conductive |ayer may
be di sposed or deposited on the wires for insulation purposes. Thus, the
guide wire arrangenent may include the strip integrated with the sensor,
the 10chip, the wires and the fixtures/holders. A part or the whole of the
strip i ntl8§?8t edFwithen, wines manodispasbd o Hiepirip. e lasst @s varembyhbe disposed
fixtures/holders may be received in a housing. [0079] Therefore, a process
of form no « fist guiadeofidhe striprand agRas vhe Wit hiChdidispded Hieh s@LAANGERP R Sensor
and a chip on a sanme surface of a strip and folding the strip such that the

sensor anfe &thp. THY Wirdd May Be att&hdd ko ASPRNVE IR cOita@Had P b fheSgisOr and
the 15 chip in a stack arrangenent on the strip. Thé process may al'so

include duapamt Mk Mred 8RS rthe_cl)_ﬁﬁp & %leg{xlicgll)z/ ic?xﬁ{ec%&r R??e%ﬁtﬁ‘é}% ?&‘/irg erﬁg:%glgjef surface

of the strip respectively. € process nw urther 1nc or i Xxtures

or holders: nR. [ Th ocess further include di sposing or
dep05|5ti gu%ﬁ ﬂf“ﬁg%*f%% J;tar Ol E‘r%%;\e- 88%%@’?%?/@“?36@&“?@%@ eWIF@;le?e tlﬁ’ﬁgedpr ocess
may further.ingclude disposing .a part or the ole of the strip integrated
with the %Behs 8f’§P té)o?%é‘sc‘ﬁ‘fep,gg‘flﬁt% ngesaﬁé‘etyﬁg“fﬁ RF bp@gvsrmmef;@ achagy
housi ng. .100801Fi gure 14 shows a schematic diagramof a strip arrangenent
1400. ThdP{alep sERctures dsyeen towiten i prguent sherting pintaddtionass imgulating erst
surface 1404 and a second surface 1406. The strip 1402 includes a first

i sol at i ofopEgeductivoORypr Bey B¢ digpeted of idepasitsdiph srewikdsOfbr ind@lation purposes.

2012/ 060780PCT/ SG2011/ 000389 22 of the strip 1402, and a second isol ation
| ayer 14Tbuprtbe gdidagrize seagaohestumbpdeclddeOfie ofript eegsdtéd With4R2sentbre it ri p
1402 al so includes a netal |ayer 1412 di sposed between the first isolation

| ayern014@RBipare wine mdche fixiealialldas A piflor WeleholPOF ihOfisp Iftddall Wifke netal
| ayer 1412 are uncovered by the first isolation |ayer 1408 to form netal

contact patensdlifle cifip, tht QA8E atlie FREAEIIGIAQL Sradbd FeckRred Q{JTF&S rough the at

| east one metal contact pad 1416 and the second isolation layer 1410. The
t hr ough- hg79; 141ﬁlep@¥rep§ ro¥ds§-of forming the guide wire arrangement may include

either arranging a sensor and a chip on a same surface of a strip and folding the strip such
that the sensor and the chip are in a stack arrangement or arranging the sensor and the
15 chip in a stack arrangement on the strip. The process may also include disposing at least
one wire on a first surface and a secohd surface of the strip respectively. The process may
further include forming fixtures or holders on the strip. The procéss may fuﬁher include
disposing or depositing an insulating or non-conductive layer on the wires. The process
- may further include disposing a part 6r the whole of the strip integrated with the sensor,

20  the chip, the wires and the ﬁxturgs/holders in a housing.
[0080] Figure 14 shows a schematic diagram of a strip arrangement 1400. The strip
arrangement 1400 includes a strip 1402 having a first surface 1404 and a second surface

1406. The strip 1402 includes a first isolation layer 1408 providing the first surface 1404



[ 0081] The strip arrangenent 1400 includes at |east one first wire 1420

di sposed on the second surface 1406 of the strip 1402 and electrically
connect edVOFOIZEOBPri p 1402 via the through-hole 1418 f BERSE29H/0BE strip
1402. The strip arrangenment 1400 al sc*?includes 10 at |east one second wire
1422 di sposed on the first surface 1404 of the strip 1402 and electrically
connected to the strip 1402. The strip arrangenent 1400 includes fixtures
1424 formed on the first surface 1404 and the second surface 1406 of the

strip 14 he E%‘@slfz"io?% é{gdﬁaz se%é%(g (ijs%EYioB%};H 34 %’?Hﬁric{iﬁ’é a \Mdofid AhdeAachieglort 0 the

strgp 14 » I ment, the strip arrangenent 1400 nmay be a
gui de wire 15ar enent 83] Fi gqur e =§’ % Jﬁy a
met hod o eftglp??i4hg'n§1ersr§?ﬁ) 64(%%1 on}dlgirlrle%ﬁ% am ?ali 8%/,?412 il p?)%\% é‘%//?er]?aggﬁfs}} rst
surface and _a second surface is .provi ded. 04 t |l east o first wire
is di spdé‘élat“ﬁhla}"ﬁel49@@%E}“essﬁ?qnélc‘g‘)lﬁtfontdlﬁ?éers]t%ﬁ9';1)95 oémf’stalﬁy Q?aﬁe eg?el L fir st
wire is electrically connected to the strip via a through-hgle formed in
the stril#l2are umpgered by e fishisolagan layse éﬁ%é i foem metad icopadddp bt knédts i r st
surface of the strip and the at |east one second wire is electrically
connect eldast ont tigrosgh-hgle 1408w formed shrogh theyatileast aukematal icprfactipgd| 14dbon | ayer
providing a first surface of the strip, a second isolation |ayer providing
a secondarsluhé e&eendisolatien Riyed 1Bi10aTihk throughdiold Byi8may\We a via.
2012/ 060780PCT/ SG2011/ 000389 23 '
[0081] The strip arrangement 1400 includes at least one first wire 1420 disposed on
the second surface 1406 of the strip 1402 and electrically connected to the strip 1402 via
the through-hole 1418 formed in the sfrip 1402. The strip arrangement 1400 also includes
10  at least one second wire 1422 disposed on the first surface 1404 of the strip 1402 and
electrically connected to the strip 1402. The strip arrangement 1400 includes fixtures
1424 formed on the first surface 1404 and the second surface 1406 of the strip 1402. The
fixtures 1424 may form a guide for wire attachment to the strip 1402.
[0082] In one embodiment, the strip arrangement 1400 may be a guide wire
15 arrahgement-.
[0083] Figure 15 shows a flowchart 1500 of a method of forming a strip arrangement.
At 1502, a strip having a first surface and a second surface is provided. At 1504, at least
one first wire is disposed on the second surface of the strip and the at least one first wire
is electrically connected to the strip via a through-hole formed in the strip. At 1506, at
20  least one second wire is disposed on the first surface of the strip and the at least one
second wire is electrically connected to the strip.

[0084] - The strip may include a first isolation layer providing a first surface of the

strip, a second isolation layer providing a second surface of the strip, and a metal layer



di sposed between the first and second isolation |layers. The nethod may
further include renoving portions of the first isolation |layer to uncover
portions P 20ROHBPal | ayer. The method may further incPGESCRHILAPEEOt he at

| east one through-hol e through the at?3 east one metal contact pad and the
second isolation layer. The nethod may further include 5formng fixtures on
the first surface and the second surface of the strip. The fixtures may
forma guide for wire attachnent to the strip. [0085]1n one enbodi nent, a

strip ar i%)rr%) g %%Neér?l‘g %/fler}%\s/tean?[ &%&ldaitsj)ﬂtign Qe foe ﬁleﬁlogq%{?) gﬁ%@# fack@bl e. The

strip ar have east one wre dispose Irst surface of

the strip, and at .| east, ope W di sposed on a secon ur f f e strip.
The 10 Vﬁep@gmwnbcglsg?gb&ﬁ@als?[@%p%lﬁggfol Woﬁ%'tpé’lm%nqé%s:et mﬁf;aggay o higd on t Ee
strip such that the wires and the strip are elecgr'c | | onnect ed. At

| east ornmethpd mapdyrthss inplydedarming et leastonedhioyghy, Q#‘?-tﬁré’}‘ PhEStioRe t he
strip. The strip arrangenent may have fixtures or holders formed on the
strip tomgtal dentattepasl and il seavhdtiselatipy dayepnThe aneshod pay Tiaeher clydes or

hol ders may al so act as insulators disposed between the wires to prevent
shor t§ ngforthihgfbagids bn dr, firsnswfaed arahtho seqvod seidadiad thevstripraberfixgires may be

di sposed or deposited on the wires for insulation purposes.

[ 0086] Thf%hﬁfaq%'u?de Br e e Shniht foqherkthg. t he strip arrangenent may incl ude
di sposing at 1east one wire on a first surface and a second surface of the

stripr e@gﬁﬂt | V@l ¥ne LRBoAARAE St ¥rrddgeBRl mh Ghwde sthiprifialferrh ok elgr s or

hol der s the strip. The process nmay 20further include disposing or

Seposs PSSR Ly DRGNS, it o EORET i
Wi th reference: b SRS hi e 1GIPed TR bR podel ANk PSurtiDIST 85, Bt hOSE
10  wires may be attached to respective metal contact pads formed on the strip such that the
wires and the strip are electrically connected. At least one wire may be guided through
e.g. a through-hole formed in the strip. The strip arrangement may have fixtures or
holders formed on the strip to guidé the placement of the wires on the strip. The fixtures
or holders may also act as insulators disposed between the wires to prevent shorting. In
15 addition, insulation or non-conductive materials may be disppsed or deposited on the
\a}ires for insulation purposeé._
[0086] Therefore, a process of forming the strip arrangement may include disposing
at least one wire on a first surface and a second surface of the strip respectively. The
process may further include forming ‘ﬁxtures or holders on the strip. The process may
20 further include disposing or depositing insulation or non-conductive materials on the
~ wires. |
[0087] While embodiments of the invention have been particularly shown and

described with feference to specific embodiments, it should be understood by those



WO 2012/ 060780PCT/ SG2011/ 000389 24 skilled in the art that various changes
in formand detail nay be made therein w thout departing fromthe spirit
and scopeVBf20tHEBAventi on as defined by the appended cP&THE&20TEHE0SEope of
the invention is thus indicated by tHhé appended claims and all changes

whi ch come within the neaning and range of equival ency of the clains are
therefore 5 intended to be enbraced. In this docunent, the foll ow ng
docunents are cited: [1] Haga, Y. Mneta, T. Esashi, M Yamagata, "Active

cat het er skin&d Ve G BeW drdpud RBankds e ferie nd 8RS0 may )it QBES’ thokshD Wthowan
Congress, 2002 Proceedings of the 5th Biannual World pp. 291-296, 2002 [2]

Keith J. t he
BEE Vol Tiagin rom 4R} ,lﬁé‘%%ﬁ%%f e bfion s gehica by fﬁ%@?ﬁ*ﬁ%ﬁ?ﬁ o Kyle

Leboui t z Carrer on- i
Zenati, TRX A RAL] ect?? 5rr1reec 18%1%;1{@ géd I\4$7ottrhger11 %I@%% C?déé{ga?%lag{?
Thorac Cardi ovasc Vol . 126, 851 852, .20
A e A %o%ega@mgsar&fp PR OHRARPIET) of %\g&lalg{s age t@&rﬁeﬁede wire
arrangenent, conprising: a strip;

intended to be embraced.

u ger J.

In this document, the following documents are cited:

[1] Haga, Y. Mineta, T. Esashi, M.Yamagata, “Active catheter, .active guidewire and
10 related sensor systems” Automation Congress, 2002 Proceedings of the 5th Biannual

World pp. 291-296, 2002

[2] Keith J.Rebello, “Applications of MEMS in Surgery”. Proceedings of the IEEE,Vol.

92, pp.43-55, 2064

[3] Gianluca Bonanomi, Keith Rebello, Kyle Lebouitz, Cameron Riviere, Elena Di
15  Martino, David Vorp, Marco A. Zenati, “Microelectromechanical systems for endoscopic

cardiac Surgery”, J. Thorac Cardiovasc Surg, Vol.126, pp.851-852, 2003



a sensor being disposed on a first portion of the strip; a chip being
di sposed next to the sensor on a second portion of the strip, wherein the
second poVPi28R/P780he strip is next to the first porti oRCESCRHA/084389 p;
10wherein the strip is folded at a fofding point between the first portion
of the strip and the second portion of the strip such that the first
portion of the strip and the second portion of the strip forma stack of
strip portions. 2. The guide wire arrangenent of claim1, 15wherein the
strip is dIOAIMAS at the fol ding point such that the sensor faces away from
the second portion of the strip and the chip faces away fromthe first
portion of the strip. 3. The guide wire arrangenent of clains 1 or 2,
20wherein the strip is folded at the folding point by about 175 degrees to
about 185yAAR9 88%hedds:The guide wire arrangenent of any one of claims 1 to
3, WD 2012/ 060780PCT/ SG2011/ 000389 26 wherein the strip is folded at
a further folding point next to the chip and at the opposite side of the
chip than the folding point such that the stack of strip portions is

gﬁ:ﬁ gnégte 1;]94gl:‘igégwﬁglaprgn&r&%nanggggi}lger folding point. The guide wire

a strip;
a sensor being disposed on a first portion of the strip;
a chip being disposed next to the sensor on a second portion of the strip, wherein
the second portion of the strip is next to the first portion of the strip;
10 : Wherein the strip is folded_at a folding point between the first portion of the strip
and the second portion of the strip such that the first portion of the strip and the second

portion of the strip form a stack of strip portions.

2. The guide wire arrangement of claim 1,
15 * wherein the strip is folded at the folding point such that the sensor faces away

from the second portion of the strip and the chip faces away from the first portion of the

strip.
3. The guide wire arrangement of claims 1 or 2,
20 wherein the strip is folded at the folding point by about 175 degrees to about 185
~ degrees.

4, The guidé wire arrangement of any one of claims 1 to 3,



wherein the strip is folded at the further folding point by about 85
degrees to about 95 degrees. 6. The guide wire arrangenent of any one of
clainms 1 wo2B12/ab0%8herein the strip conprises: a first i eorsGror/obeger
providing a first surface of the stri3; a second isolation |ayer providing
a second surface of the strip; a nmetal |ayer disposed between the first and
second isolation |ayers; wherein portions of the netal |ayer are uncovered
by the first isolation layer to 15form nmetal contact pads. 7. The guide

W re arrangenfhéreff th sl sﬁfoldéﬂ%f%'fﬂrtﬁé}efofdu{éémﬁﬂﬂex%%&@[&dcﬂlﬁ%@hﬂ @1@ | ayers
conprise polyimde. 20 8. The guide wire arrangenent of clains 6 or 7,

wherein I
1t an uni TG oas o K b *W%r@@ﬁ%&%ﬁﬁaﬁ%ﬁ%ﬁ%@%@ﬂ% The
gui de mn arr nt of a Jalns 6 to 8, wherein the
sensor a ﬂ%‘&%ﬁgﬁ§f@‘ P@%%fgﬂ%b %%ﬁﬁgﬁvered portions of the netal
| ayer for electrically connecting the strip.
5 5. The Vguide wire arrangement of claim 4,
wherein the strip is folded at the further folding i)oint by about. 85 degrees to

about 95 degrees.

6. The guide wire arrangement of any one of claims 1 to 5,
10 : wherein the strip comprises:
a first isolation layer providing a first surface of the strip;
a second isolation layer providing a second surface of the strip;
a metal layer disposed between the first and second isolation layers;
wherein portions of the metal layer are uncovered by the first isolation layer to

15  form metal contact pads.

7. The guide wire arrangement of claim 6,

wherein the first and second isolation layers comprise polyimide.

20 8. The guide wire arrangement of claims 6 or 7,
wherein the metal layer comprises any one of a group consisting of titanium, gold .

and platinum.



510. The guide wire arrangenent of any one of clains 6 to 9, wherein
the strip conprises at | east one through-hole fornmed through the at | east
one net alWeIAIZAP80ad and the second isolation |ayer. 1PCTHE2H{00E8% re
arrangenment of claim 10, further conp¥ising: 10at |east one first wire

bei ng di sposed on the second surface of the strip and attached to the at

| east one netal contact pad via the through-hole; at | east one second
wire being disposed on the first surface of the strip and attached to

anot her pet al TROBLIAE Wi Atkandedpdent dghyBine ¢ cMirhe6 & §,angenent of. cl ai m 11,
wherein the at | east one first. wire extends through the through-hole. 13.

The guide wr | i I he
{hrotgh- hol e {eosir e Bk 31 GE BT Qphod P ut lrkOckta pHRERCLEUENS,

clainms 11 13 . Wherein . the at .| east one first wire and the at | east
one secofit Ea{?\nlalygffét)rrglegttntc%tc?ﬁ%oémf’%mtgﬁlée L8Py espondi ng netal contact pads using

conductive glue or solder material. WD 2012/ 060780PCT/ SG2011/ 000389 28

5 10.  The guide wire arrangement of any one of claims 6 to 9,
wherein the strip comprises at least one through-hole formed through the at least

one metal contact pad and the second isolation layer.

11.  The guide wire arrangement of claim 10, further comprising;
10 : at least one first wire being disposed on the second surface of the strip and
attached tb'the at least one metal contact pad via the through-hole;
at least one second wire being disposed on the first surface of the strip and

attached to another metal contact pad.

15 12. | The guide wire arrangement of claim 11,

wherein the at least one first wire extends through the through-hole.

13.  The guide wire arrangefnent of any one of claims 10 to 12,
wherein the through-hole is a via.
20
14. The guide wire arrangement of any one of claims 11 to 13,
wherein the at least one first wire and the at least one second wire are attached to

the corresponding metal contact pads using conductive glue or solder material.



15. The guide wire arrangenent of any one of clains 11 to 14, wherein the
at least one first wire and the at | east one second wire conpri se any one
of a gr o048 ng of al um num copper, titanium tuR§ISER11H803 and
silver. 5 16. The guide wire arrangenent of any one of clainms 11 to 15,
further conprising fixtures forned on the first surface and the second
surface of the strip, wherein the fixtures forma guide for wre attachnent
to the strip. 1017. The guide wire arrangenent of claim 16, wherein the
fixtures conprise silicon or polynmer. 18. The guide wire arrangenent of any
one of clainms 11 to 17, further conprising a non-conductive |ayer

bei ng deFl(S.Si'tq(ﬁle%?_ld%%reaz{rralngéﬁént%@gn}tbﬁeséfcéém?rl?t(fimj the at |east one

second wire. 19 he guide W re arrangenen claim 18, wherein the

non- conducti v I S rylene C 20.20. The guide wre
ar r angenent Of%vﬂgiz@fr? Ehe aq as{ ?x?e ﬁgpwrgeanggﬁe %\tﬂg%/sé one ‘?%8“ I,1re cog{g %1 Wos 2
cable. 21.Th agwde mnre arrﬂagenent of  any. one of cIa.Jgidglto 20

one o roup consisting of a num, copper, titanium, tungsten, go lver.
5
16.  The guide. wire arrangement of any one of claims 11 to 15,
further comprising fixtures formed on the first surface and the second surface of
the strip, wherein the fixtures form a guide fof wire attachment to the strip.
10 17.  The guide wire arrangement of claim 16,

wherein the fixtures comprise silicon or polymer.
18. The guide wire arrangement of any one of claims 11 to 17,
further comprising a non-conductive layer being deposited on the at least one first

15  wire and the at least one second wire.

19. The guide wire arrangement of claim 18,

wherein the non-conductive layer comprises polymer or Parylene C.

20 20. The guide wire arrangement of any one of claims 1 to 19,

wherein the strip comprises a cable.

21. The guidé wire arrangement of any one of claims 1 to 20,



WO 2012/ 060780PCT/ SG2011/ 000389 29 wherein the sensor conprises a

m cr oel ect ronechani cal system sensor. 22. The guide wire arrangenent of any
one of clIWPRR12{06p7§0271 wherein the sensor is any oRETEHGC2H1HPHEH
consisting of a force sensor, a pressiire sensor, a tenperature sensor, an
accel eration sensor, an angular velocity sensor, an electronic conpass, and
an ul trasound sensor. 23. The guide wire arrangenent of any one of clains 1
to 22, wherein the chip conprises an application-specific integrated
circuit. 10 24yhefdiethaudbsier Worﬁﬁns%ﬁ b M16RBRBkoREcham¥al AP e isetbpl ™ 1 to 23,
wherein the folded areas of the strip are secured uSing epoxy. 25. The
guide wire arrangenent of any one of clains 1 to 24, 15further conprising a
housi ng, wherein a part of or whole of the stripis received in the

Compr i Sed2a pideefided lreeea&réang%ﬁ%nﬁs?%ﬁve@ Toinfhdd 861 de i re arrangensnt of
any one of clalns 1 rein the U|de re arrangement is a

to
m ni mal |y i nv3SEERH i3 45 8 98 St PEoHP CRUHIBE.OF @ Torce sensor, & prossue

5 sensor, a temperature sensor, an acceleration sensor, an angular velocity sensor, an

electronic compass, and an ultrasound sensor.

23.  The guide wire arrangement of any one of claims 1 to 22,

wherein the chip comprises an application-specific integrated circuit.

10
24.  The guide wire arrangement of any one of claims 1 to 23,
wherein the folded areas of the strip are secured using epoxy.
25.  The guide wire arrangement of any one of claims 1 to 24,
15 further comprising a housing, wherein a part of or whole of the strip is received in
the housing.
26.  The guide wire arrangement of claim 25,
wherein the housing comprises a plastic sleeve or tubing.
20

27 The guide wire arrangement of any one of claims 1 to 26,
wherein the guide wire arrangement is a minimally invasive intra-vascular

medical device.



WO 2012/ 060780PCT/ SG2011/ 000389 30 28. A nethod of formng a guide wire
arrangenent, the nethod conprising: providing a strip; disposing a sensor
on a firsWVOg8I%I6B100f the strip; 5di%§osing a chip next PCE/SCARIIIBKEEBr on a
second portion of the strip, wherein the second portion of the stripis
next to the first portion of the strip; folding the strip at a _
fol ding point between the first portion of the strip and the second portion
of the strip such that the first portion of the strip and the second
portion of the strip forma stack of strip portions. 10 29. The net hod of
cl ai m 28, wherein the strip is folded at the folding point such that
the sensms. f acemetivdyf fordiid Hguide GHRAmMREd AR B mbihed SbhpRsidd the chip
faces away fromthe first portion of the strip. 15 30. e nmethod of claim

29, wherghndihh g ip is folded at the folding point by about 175
degrees to abgﬁ% f%g Sggéees. 20 31. The nethod of any one of clains 28 or

30, disposing a sensor on a first portion of the strip;
5 disposing a chip next to the sensor on a second portion of the strip, wherein the
second portion of the strip is next to the first portion of the étrip;
folding the strip at a folding point between the first portion of the strip and the
second portion of the strip such that the first bonion of the strip and the second portion of

the strip form a stack of strip portions.

10
29. The method of claim 28,
wherein the strip is folded at the folding point such that the sensor faces away
from the second portion of the strip and the chip faces away from the first portion of the
strip.
15

30.  The method of claim 29,
wherein the strip is folded at the folding point by about 175 degrees to about 185

degrees.

20  31. The method of any one of claims 28 or 30,
further comprising folding the strip at a further folding point next to the chip and |
at the opposite side of the chip than the folding point such that the stack of strip portions

is between the fo.lding point and the further folding point.



further conprising folding the strip at a further folding point next to the
chip and at the opposite side of the chip than the fol ding point such that
t he st ackwof2ostasdoporti ons i s between the fol di ng poi nPCarsd20h®06389 t her
folding point. WD 2012/ 060780PCT/ SG2011/ 000389 31 32. The nethod of claim
31, wherein the strip is folded at the further fol ding point by about
85 degrees to about 95 degrees. 33. The nethod of any one of clains 28 to
32, wherein the strip conprises: a first isolation |layer providing a first
surface of the strip; a second isolation |ayer providing a second surface
of the strip; 10a netal |ayer disposed between the first and second

i sol ati opp.| ayekeémethod of clia@8gi N t he method further conprises renoving
portions of the first i sol ation | ayer to uncover portions of the netal

| ayer, wher ei o rkd t f cont act
pads. 15 34. Tﬂg&%t %gég% Eseﬁﬂ(l&% %}3&9%%& f\?\ﬁil&e# &g hgxégéﬁs%; Ha&nq%tsqﬁe chip
are disp uncovered portions of the netal | ayer for electrically
connectlﬁg)ggggg%ggp 35. The nmethod of any one of clains 33 or 34,

20fur§her conprising formng at |east one through-hole through the at |east
one

33, The method of any one of claims 28 to 32,
wherein the strip comprises:
a first isolation layer providing a first surface of the strip;.
a second isolation layef providing a second surface o.f the strip; »
10 : a metal layer disposed between the first and second isolation layers;
wherein the method further comprises removing portions of the first isolation
layer to uncover ponions of the metal layer, wherein the uncovered portions of the metal

layer form metal contact pads.

15 34, The method of claim 33,

wherein the sensor and the chip are disposed on the uncovered portions of the

metal layer for electrically connecting the strip. .
- 35..  The method of any one of claims 33 or 34,
20 further comprising forming at least one through-hole through the at least one

metal contact pad and the second isolation layer.

36.  The method of claim 37, further comprising:



metal contact pad and the second isolation |ayer. 36. The nethod of claim
37, further conprising: WD 2012/060780PCT/ SG2011/000389 32 di sposi ng
at | east woeofzms1sowi re on the second surface of the stpCp/Senciiavessehi ng
the at |least one first wire to the at32l east one netal contact pad via the

t hr ough- hol e; di sposing at | east one second wire on the first surface
of the strip and attaching the at |east one first wire to another netal
contact pad. 37.The nmethod of claim36, wherein the at | east one first

wire and the ditpds@sdt lesseomefinnein dretharsecdidt saefaeslof detshp s s@spapdi ng
metal contact pads using conductive glue or solder material. 10 38.The

met hod ofhe@ani¢adiRfe Afst HirditdtheIB1da® ohé metal contabtifal®fa ROIREIHLINGe,f Or M ng
fixtures on the first surface and the second surface of the strip, wherein
the fixtures §idiind AYiLdEodOleid Gidl t { tr]Ps Jhe met hod
of any one of 1%}{ ain%s 36a t% 3§86,C 5%@%@@2@%&? ?fg?eng t&%ﬁ%‘ﬁo ?‘}dﬁ%taﬁhmg

non-con i | Qon the | east one fi,rst wire and the at | east one
o 165 R e Qe e 38

wherei n the non-conductive

second w m
Iayer5 is deposited on the wires using any one of a 20 group consisting of
chemcal vapor deposition, spray coating and di pping in nolten pol yner.

37. The method of claim 36,
wherein the. at least one first wire and the at least one second wire are attached to

the corresponding metal contact pads using conductive glue or solder material.

10 38... The method of any one of claims 33 to 37,
further comprising forming fixtures on the first surface and the second surface of

the strip, wherein the fixtures form a guide for wire attachment to the strip.

39.  The method of any one of claims 36 to 38,
15 further comprising depositing a non-conductive layer on the at least one first wire

and the at least one second wire.

40. The method of claim 39,
wherein the non-conductive layer is deposited on the wires using any one of a

20  group consisting of chemical vapor deposition, spray coating and dipping in molten

~ polymer.

41.  The method of any one of claims 28 to 40,



41. The nmet hod of any one of clains 28 to 40, WO

2012/ 060780PCT/ SG2011/ 000389 33 further conprising securing the fol ded
areas of wbeostmwdousi ng epoxy. 42. The nmethod of any omeTsG2el1aDB89 28 t O
41, further conprising placing a part33of or whole of the stripin a
housing. 43. A strip arrangenent, conprising: a strip having a first
surface and a second surface; at least one first wire being disposed
on the second surface of the strip and electrically connected to the strip
via a throughfuibdreofrisigd sédmnhgehesfo[dea;areheafthb@aqiusmgaepwf.ond wi re being
di sposed on the first surface of the strip and electrically connected to
the strip. 44. The strip arrangenent of claim43, wherein the at | east one
first wire extends through the through-hole. 15 45. The strip arrangenent

of Clai“§243d@krééhod%¥¥ i4§F§?§%ﬁ§%£#%QQhole is avia. 46. The strip

arr angenent any one 0 5, 20wherein the strip conprises:

further comprising placing a part of or whiole of the strip in a housing.

S
43, A strip arrangement, comprising:
a strip having a first surface and a second surface;
at least one first wire being disposed on th.e second surface of the strip and
electrically connected to the strip via é through-hole formed in the sfrip;
10 at least one second wire being disposed on the first surface of the strip and
electrically conneéted to the strip.
44,  The strip arrangement of claim 43,
wherein the at least one first wire extends through the through-hole.
15
45.  The strip arrangement of clairﬁs 43 or 44,
wherein the through-hole is a via.
46..  The strip arrangement of any oﬁe of claims 43 to 45,
20 wherein the strip comprises:

a first isolation layer providing a first surface of the strip;
a second isolation layer providing a second surface of the strip;

a metal layer disposed between the first and second isolation layers;



a first isolation layer providing a first surface of the strip; a second

i solation |ayer providing a second surface of the strip; a netal |ayer

di sposed WA Ae first and second isol ation | ayers; PCHSG2011/000389

2012/ 060780PCT/ SG2011/ 000389 34 itherein portions of the netal |ayer
are uncovered by the first isolation layer to formnetal contact pads. 47.
The strip arrangement of claim46, wherein the at |east one through-hole is
formed through the at | east one netal contact pad and the second isolation
layer. 48. Thewlkd¢in potidnarngetenictabiayet afencAbered b¢ fhe first isolation 15yéF kdher
conprising fixtures formed on the first surface and the second surface of
10t he st rfofm mMe cothctlphgs.fi Xt ures forma guide for wire attachment to the
strip. 49. The strip arrangement of any one of clains 43 to 48, wherein the
strip arrangement is a guide wire arrangement. 15 50. A nethod of forming a
strip arrangenent, the nethod conprising: providing a strip having a first

surface a-second surface; .dis ing at |east one first wire on the
second SSQ?aCe SPRFHE“?%?P%ﬁgﬁabgﬁgﬁmrica||y
5 wherein the at least one through-hole is formed through the at least one metal
contact pad and the second isolation layer.
48.  The strip arrangement of claims 46 or 47,

further comprising fixtures formed on the first surface and the second surface of

10 the strip, wherein the fixtures form a guide for wire attachment to the strip.-

49. The strip arrangement of any one of claims 43 to 48,

wherein the strip arrangement is a guide wire arrangement.

15 50. A method of forming a strip arrangement, the method cqmprising:
i)roviding a strip having a ﬁrsf surface and a second surface;
disposing at least one first wire on the second surface of the strip and electrically
connecting the at least one first wire to the strip via a through-hole formed in the strip;
disposing at least one second wire on the first surface of the strip and electrically

20 connecting the at least one second wire to the strip.

51. The method of claim 50,.

wherein the strip comprises:



connecting the at |least one first wire to the strip via a through-hole
formed in the strip; di sposing at | east one second wire on the
first surWac8124088e strip and el ectrically 20connecti n§CTRE281/0PBERt one
second wire to the strip. 51. The nmethd of claim50, wherein the strip
conprises: WD 2012/ 060780PCT/ S&011/000389 35 a first isolation |ayer
providing a first surface of the strip; a second isolation |ayer providing
a second surface of the strip; a nmetal |ayer disposed between the first and
second i sol ation | &f#isisisolation laysipeoaiing & Hizstrsetfacech ffther dthgr conpri ses-

removi ng portions of the first isolation |layer to uncover portions of the
metal |ayer, wher eiasetdnd isoiationelnga pporiding b Sedhd shiacd®F #le shgyier form net al

contact pads. 52. The method of claim51, - further conprising
forning the at Iea&tmaﬁlleajzelﬂHﬁp@é&dfb@h%ehm&ﬁ@haﬂd@%ccﬁid 1L<ﬁﬂﬁ)§1 Ngs; Lomet al
contact pad and the second isolation |ayer. he net él ains 51 or

52, further comidisithd nfe f the second
surface of the st I‘ll [; vvherdg: ﬁQEhEEQMQ?%FgEmWSﬁ]ﬂgE%%S Ly’ﬁfh lrﬁs/\ﬁs aUeL achment

to the $t15}9e? to uncover portions of the metal layer, wherein the uncovered portions of the metal

layer form metal contact pads.

52. The method of claim 51,

further comprié‘ing forming the at least one through-hole through the at least one

10 metal contact pad and the second isolation layer.

53. The method of claims 51 or 52,

further comprising forming fixtures on the first surface and the second surface of the

strip, wherein the fixtures form a guide for wire attachment to the strip.



