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woizadsdh28854t he | nventi on The i nventi on rel ates POT/US2003/020722

dielectric filmuseful as a substrate for flexible
printed circuits and nore particularly to dielectric
films including indented areas of controlled depth

for devi e i area
| ess théﬁsﬁﬁﬁ%‘E» LKﬂgg&ﬁgg§gg@¥ﬁﬁg@€%€#§®éggﬁﬁgrnance.
Description of the Related Art An etched copper or
printed polyner thick fil attern over a
pol ymer film bas%a‘ii‘ﬁ r&é*{é"rﬁg&m&‘ as a flexible
circuit or flexible prlnted wiring. Originally
,designed 15 to replace bul ky wring harnesses,

Figl S uitry is often the only solution for the
m NiTaé Wivbitnir@htesd dididve i useRe setsubafatcior ﬂ@ﬁblﬁ printed
cutting-edge el ectronjc a ' Thin

ssenpl j es.
cirgyts and Erere paticukknie fieleeisly ﬁi*@%}ne]@gmgffrd@%e% g rceﬁ*ﬁngg
defB TRV Red ﬂé&lhﬁﬁ‘gsﬁlh@ MG @ing b 1045 S ELeHIBRDOGANEIE Firve
pat hs to conpl ex, nultlﬁayer t hr ee- di nensi onal
0PBE@R%§@§erfﬁ@wﬂ§e of flexible circuits is known, for
exanpl e, in electronic devices including ink jet 20
print heads hard di sk drive suspension assenblies and
i nsors. Comonly used dielectric
fil rnrpaaﬁd OBIRE 6@5&&%@&%&' Amelieeit ?%ﬁ%v@@&ﬁ&%&k&ilm
i ncl ude poly ester terephthal ate
bagemaiohe lfefety@d tcaasarﬂealbéamrcpﬁ py/exible pl@mfpfbmr@é Originglhyflesigned
to kbiRh B Wify HAHLGE ﬂéﬁﬁﬂmcﬁg[gqg Srchife AP for the
propérties or pOSSIbI ities
mipiatpizsSomapdprayvinon sbaded foraimie) @ﬁpﬂ@reﬁsfr Pleqionicgggpmblies.
Ttg Ir,g%gtgx? Qa&ﬁﬁ ?Hr c&ln cateﬁ%{ewgé ﬁé@l{l@ kl?cmteﬁe%lgﬂ‘@d’lutlo S range

constant a aster electrical —signa
frém aimglbfsrd.ed gooldctive@rtimto copmidxommtitayer thepsidiengionsl packages.

THe 011%% Iop Hexﬂ%ie c@cuﬁg £ lfc%(gxgn ioy Q{ Sﬁrm%}(e%&(?mé ﬁ&?@k &ﬂcﬂf&m%rmk jet

ure iI’nprove age perfornmance
prinit févels, Itaehpmcktve ISEspergsivoh dsmvé)hemdstousph@r finges esngotson

:’llegg“z Fmp? i%gseﬁ gle glciﬁrg%tag S a?l%’a%s 29 ﬂ(%glbl Ief% cymcaga(gkaglné

maedef mﬂﬁmﬂtee palgasted te@hﬂmhtee mdlorb—;ﬁbs@rmtm aué polgdinglt qhtmlde
di.el ectri.c ness, ef fec

el Rt Re b Rl 05 P By E HRh pRbPAE! & Rien

pdskibitified@upatsiiPre@odlyQ2 @ BhYle Iﬁéffértd%ﬁ&(h%ﬂ@ﬁﬁé’s%ﬁlg capabilities. For

example, a lower dielectric constant allows faster electrical signal transfer, good thermal

performance facilitates cooling for a package, a higher glass transition or melting
temperature improves package performance at higher temperature, and lower moisture
absorption leads to signal and data processing at higher and higher frequencies. Additional
improvement in device performance could be achieved by selective reduction of dielectric
film thickness, but a cost-effective method is required to achieve the desired substrate

thinning,.
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Polyimde filmis a commonly used substrate for

flexible circuits that fulfill the requirenents of
woan@lesss4cut ti ng- edge el ectroni ¢ assenbl i es. Pae/uSedoan20722

has excellent properties such as thernmal stability

and |l ow dielectric constant. Liquid crystal polyne

( LCPYlyiniili¢rdilng eraroemhlysmd aib$tmtenfiot Bediblk siragts ;&wb@ﬂﬁlhthes

for flexible circuits v d f cy
oo A RB P o Rt B e FRaBYEE, Tho s SERENC
propbsies pichay tHehadl stabﬂlbyanmld)ediklebﬂms corStemt. @idquid d:rgstalbiobfmer

(Lﬁ%{tgl%{s}ﬁ%ﬁé gl Cat%tﬂ%/ @Etgga}l\g%sghgs?rta%sﬁ ﬁ)iercéllrtc%asri?aw% n%{n%ved
hl% ﬂzega&ﬁ: iy perferinahéd, Idvel @igkcttib &uss 5ﬁMetsshmoisturesaUsmpMn than
e

iffrcult and, therefore, not cost effective.
polyfrgide Eims.cj r cui ts such as fl ex-on- suspensi on 10

cir @'dfrtnﬁ fleRibld@lcitLtysikalig uke/ dicldevit SEtStrv® tlackripls @virélthan

nproved devi rformance. if
25 gl e S B GEE 1 AR ers () e ek s kpgym t
be REYICu LI e 8ok EREsHetive. FIEﬂble&&Hﬁts&ﬁ&i aSq&momsspeﬁayn
benefi t ron1th|nn|ng of only selecte ns of {%

cirgyifsfory harddisk dryesdoricgevabrioyide ENRIRY ewge G !

flekible difibothE kit cOBABShEAM Subs@@ss tdy haB AN thickRgEor,
resolution with reduction in thickness of the terial

for semetneplicatipemsay Bengfit isem friprne ofpglyseleqted gepqng of the Subsate.
Sefeg{l{;gastu'b te ﬂrﬁh&c&ﬂph&l & 'uh{ﬁét prififg h&RB capMehdicGkpreyd be

tal ned conmer Ci al :proce33|n of such thin
unraget resolutigmevitheredigsttion i m th@klmsw thampigppldn fh‘?lr%gé?féé‘éed for print

IwEEL&&kﬁﬁ tl_oﬁonventlonal flexible circuit processing,
causes nechanical damage or filmstretching at any

st ePi¢lecttin &l logsdban 25 kmdkink Makke phtained sunerciphs b si ng
prsc%gé?ﬁg, cl%ééga} fﬁﬁ'}/ ﬁlgﬁt wﬁ?he‘f @P@r@i‘oﬁn 20y A éa,bfé rtﬂ)!lh{é'séq Jia multi-ste

Specl e clircuits usi ng i el ectrlc substrate
conaamlonaa flexiblircuihprace@@ng, causpeinechenipal fdgmagreqr film stretching at

[TRL %bﬁ‘ln% ceés K?&;yﬂﬁ C%&:&ﬁ gs%mgns t hg‘s Iﬁa}n&ﬁge I:éf)'éble

Cl rcul regl nner than
of2>5cm1dmg1 spebified flexiblevhgsts psingl dicteclric substratn ortasials|lgss than 25um

thg% Cliecﬁgu lr?\e/ gr?érgxpe%r ﬁm dgvm e?{ogn%g t}{%ﬂeaig atnged %?ﬂmwﬁlts,

I'on Invention provides
inéluéixg bdgions ihitner than @f um hﬁu¢lque balrsss pretﬂle:bd Ezdecbnmmeaibﬂ n
conpri sing conmposites of

aca-sp dbien%mdcrdf l gx. ﬁ é uag ; .

GPRATRRETHICRTE Sh EFIP4Pe 84N copper circuit features.
Properties of materials and circuit design affect the
nunber of fl ex cyclﬁ t hat0 %16 I”>v ]gn&/en circuit is able
to withstand. The tTPMRALS theInvention o\ oot ric film
substrate, for exanple, detern1nes the level of
?TIH]I;L cul t ga}gx?eglg%rﬁérg%p?sﬁewﬂ & (iné;ml crgg e Qpé) a[ls?ocr%%%rlecrl] % I%an

as dynamic ﬂex circuits comprising composites of dielectric substrates and copper circuit

features. Properties of materials and circuit design affect the number of flex cycles that a

given circuit is able to withstand.

The thickness of the dielectric film substrate, for example, determines the level of

difficulty associated with flex circuit processing and manufacture. If the film web is less
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WD 2004/ 023854 PCT/ US2003/ 020722 than 25 gmthick
problens with material handling lead to difficulties

wono@onsssst ent manufacture of circuit structuPes/USTB®20722

probl em may be reduced using substrates according to

the present invention that have indented regi ons of
thamfunothickdretdgmswitompieralindedling dsafl to difficuliics iscansisterty a

o 5858 O A PGBk Wy B
togie mcsbnt\m‘i'eptlomthaﬂ@de dgitedisgivus davpnmlkedtdhmh sppovife bpcalized
argal“sI %%\8{‘13%) o % lm g&&%tpss a? Ec%v&dgs\@ u?nre] %y% %{Hﬁln é %s’&e{f@s a% {nﬁﬂé fom of

d1slad:ls¢ ﬁhtsdlavﬁlglseiemelytthmnsl regiensado sag1sfyathe memﬁlc IﬁlﬂEﬂOltaibneeds

#JAYIFSSS?I‘O\%% e élrglﬁl S aa df {\Bagjt %I‘@%Xhe C? reﬁlons lhe substrate

filrenaihtatns it® bnglhﬂxhwhfeeyﬂott]&rebs réthie |drmensphalcsabﬂmy1 am]siesuable
ﬁcor}nectlor?sﬁal n snm S 10 el ectronic devices such as
PABTRE GEet Pg?ﬁ ts where there is only limted space
f o[j Ore @ fdicd b;ﬂeﬁtﬁ dfigx CJfkdufltf\/lsHhenbg)pHmbﬁ as edn@ektdr &f small
reductian in thic SS, Q ex circujts aqr . portiaqns
CIEFFOR d5Vics B FPOUATIF SREREeE § g Al OBl gTigd space for
conh&Xdr Bduting yit Wﬁhbéapp%fa%ﬂsm re‘d&cftﬁ)@tlh thidkyiedsdf fitheirdugeorof
Lrcuits ularly eredu ion in

fl ex
parfign R ek oy wﬁ{ lgpcioegzsater elr% bty Thi igigRset pasatliy in

th6 LigeCH IS clréuitd 9arft1@llllﬁiqi5dlf WietrEHubtidH i1 55T $hd dleltac?tﬁc substrate
region of the fald. Appllcatlonsfor hi

a MW@ fhesiruitsp Be &l %ﬂk ey pesss 4y the rogionof gletf%hdn ned

reg lpqa?ﬁcaﬁoﬂg Fod dernHedx s dieReiic Flh Gubsahdl Hegnﬂgthﬁﬁ&ﬂﬂe?@ns
of a flex circuit such as in ink jet print heads

inlype deit W%%i’ﬂﬁ’ﬂ“fl% 60 g0 pLIrBRisg Offlet AiEpis Fich 26 &1 Tl ot print hosds,

1aP BRNES palﬁ%? rﬁ%1 utk rlﬁl%ﬁla%?s”@é?lﬁﬁr Phishes, %&H Bh ﬁh}%ﬁ‘ sensors and
structures ard d drives and the l'ike. Flexible

sugpenaion stsuctresy fopbard éTSk times aprbip Hise; Flaxéhle oirpsits for any of the
dd¥iiel %@ﬂ@ﬁisly Hi@ﬂndn@ nélﬁlﬁﬁﬁﬁeﬁféd Sf re(:%@&ﬁéﬁqrefs Gy EfbStrate

In the substrate For use in 1nk
filap P usa it whist amhé@aom, éleslbk@umlts nmybeb@dnﬁ@heg diglenigic films

frngﬁ @5 ltsﬁ IB 'tﬂl Re{llﬁc tﬁesthgmlégg optgg Iltl blll‘ sugﬁlqlcé%b 29 Spm

esso mclircuit su stratetol
orghinndsj in rﬁl@rnozzln atch of the 204 jet rainting lufads dllows fiknjation gfrsnmtlmrigser

| .
BB AR S i 50 3 a0 gl
injagks od mughleettes)lum)ngh@damger HOIZwa}B $hld<fer ﬁlng hent headsoThitmep regions
o%quctécag’uga{atenr%éuﬁgﬁe \Iforl]laﬁ h fcfhl at a la oL ?blglrt d nozz% can h?lij].e

i nner re rlc su uce
Whenh ﬂnndletffchfd filimds tdssamamli’ommckathb dtoptit foomzd i thaeach mkq et
Iectr|

thi ck
o Bod £ S ipitidrfort b ot of R, IS Rhing T Rt SStecief,
thnfnedmgmnx mmhelbcycns ﬁhm ciohted aariskj exrpnIneBQd pditn ha\aing tobtigy miaterial

PSSR GRS e RS o B S

rmt dh hadd dighrdeiee applﬁsuons, A TRAbE difchit 3dn W B&R foRd25um film, but

desir ilmin the lo f a nozzle arra
the gorfign ﬂé‘?fla 58@519 cGrR tehsed %‘Bl%a]oﬁﬁ mbly pipe s AR
hava @ thiekneBate 10150 of 38k Fdr fobiter Beribility. Selective thinning of dielectric
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the portion of the flexible circuit in the head gi nbal

assenbly area may advantageously have a thickness of
wa20@E/0g8850r | ess for better flexibility. Sel ecPCVAIS2003/020722

thinning of dielectric 3 WO 2004/023854

PCT/ US2003/ 020722 substrate filns al so provides
substvaafilagedsoiprovides sdvantaged in seusorompplicafions. Axlesitde ejicnd ysad in

used.in.e.g. t .or. £in ' '
e B8 ef et s SLARCloh) HEFYe GRARN WP UCRRLLHIR, BB,
25 okSOpihthicki The filhi thickessmaple foduceéd thul2eTinh or 1&g, tb mcorase the

| ess to.increase the sensor's sensitivity to
“ﬁﬁ§§§ﬂpgpaﬁt%P%%ﬁ§?it of producing flexible circuits

i ncl Adémegt saedeamg, fleaibld dicnitdncloding @ossséds ot thnner regions is the
. i nprovenent . in b .handling .durin ocessi.ng..t o nake
iR yoP LT AT RIP GG 0 RS PR o Stuctes
WO Sl g RRebySi Cihhriufgurihgsbss. Thensaneb haabilitpaciniqugs may

t echni ques e.used for dielectrig fil Vi
by Ged s Streci s Pau G detias weuld i s Al e same
be@mHFornDiltckheyk [T Bxdni}le; Kﬁﬁﬁl‘é.cirﬁﬁfs 26062dTRY @ thé b%dnbineenﬁon
clrcults, accordi to the resent nvent i on . UsS
usestanerd 8‘%%1“&%‘?&%“?9“5%‘?21?}% &E’é@ VhiPglemeniation of | o5
cofVBhtRABIN bt HaAMin@ffor ARME AEtiBI Blinte@ Birdias birfig thoulti-step
formng flexible printed circuits. During the_.
chigpittipmupgRyoosss the dialectidn M selediyelyved e mehickpess, to form

ifdehiBd SBYceBRa SR GH! dtUBY Madeafl He@thnhfclhe K06SS seduende Ol Mie
i ndented or recessed region at any stage in th

S e
stem AL EChiTRIG goprveialydn the airaniaeturing prosrss, oabysslegtpd prepsAf the

AR LA REEIESwHA th bhIR of (8 AR PUliRACGH S 1 B @RS SThis
only Selected areas of the 15 filmchange in thickness

faghitates apHimabiifokhogflings eartipylanty retl-4e-edl qutagnaded fgfnnpgpoessing.
thi Cf,lfé'\} ﬁmet};gégs;ir?J BCdonteliafR f&%ﬁﬁﬁé %c}{rci:ér}]ﬁ}ﬂ%ﬁﬁgﬂa'l esses in

particularl -to-rol I automated rqceSS|n%._
tigaljadqctric srbstiatsdSimningludiag ekpmieshpirking dnigiorrenlisation dpser ablation,
. - di ' e i ' tFiC: .
ol PR, 302l e obbes SRR bt
r¢fersadto hisbintap oemicdl omlling, au¢ preferredfor Firming indentesl arirdcgssed

: X 0€ . i ncluding..chenical: i |
BERSSERR LA SRR IR ET) G 1 o\ e
apnoefimy to deb Hdregent ipvamting Gheoténat milingrtechpopssad apregpromnsior wse

_ . ; Y b i1 oY .
\x{ﬂ%h%ﬁflwg Ib%tlgﬂ?/ Ig{ cg Bk 5 %qu%/ %ﬂfa%%@%‘sgfeeengg rfOIp QJ)AHamﬁgﬁf(%iet Iﬁlélted

mer s accor di

cpewtsent invention. Chenmical milling techniques are
appropri ate r use with either.batch,or. continuous
onu B aF Rl e st bl dTi Eh P s o B

sabstratel fdra.fleRbld\iirceit. fetetdiedaskrir filip, cotnbesep meoebmier selectdu framnthe

rovides a dielectric filmfor use.as a substrate for

P bR Eo hept iy S pabimsPiard ol REof Fbhrdiip P LELE

cpbyyiie estarainéte tretle holpimetidieackighe Uihe dibfstrid filighaoh thitldssdess

tl(l:a%%ﬁ Etrglinc%?cfilygnt%lrn%ec?, ?gcegsgcll }/ealgpo]ng vevh(—(::rgi (%Illy tHE: Sesls pscrle uccizleé1 1% less

than 15pm.

One embodiment of the present invention provides a flexible circuit for use in an

ink jet print head. The circuit comprises a dielectric film comprising a polymer selected
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carboxylic ester units in the polyneric backbone. The
dielectric filmhas a thickness |less than 60m

woOned4odsssg t hi nned, recessed regi ons wherei n t RET/US2003/020722

thi ckness is reduced to less 30 than 15m One
enbodi nent of the present invention provides a
frofd th plotyecanisisting df liqoid cupseal polymers apdhpolyigtidgrapplymisesaoduced

by FPy abmE o b S e E R 5080

Thé deRectrb eilrg mmsjepthimmss &dsé thgn éfmnh ingludohg @t \east ahe hainpdrecsssed

d b
BT T o
lea8Ty@ @E T to @fﬂ%ﬂéral 1)} head Tbezlddigddec dsliver itk drmpk &svieg a volume

t hi ckness | ess 60n1|nclud|ng at | east one
1“¥Hwﬁﬁ@ﬁ°m?%@€§%éﬂwo}8@1on wherein the thickness is

r ed uaelerdembogstent 6Fake glogent iihentive pesiieda flegble pircucotbe sn
at 5 | east aone.orifi.ce togp Jhde a srlnt ead nP %lﬁ
a tQych SEPsply T pRgifayE Comppsey A ¢ MGORPULE HROVIMgLEIopd from
th@%&hﬂ?@nﬂ&lr@oy 1i§uid c@lsﬁal)ﬂ)dlirtﬁérs anddfiele copdlpaibrRpRiduadd by

resent invention pr exi.bl e circui tdlfl(?er)

reagien 9ﬁ4nongm@%§a%q%udg%% Bpeny % léfhﬂle%ﬂltw Whmepssier aphy

Thd iR Rl iG hhé 4 MRickaBRNEsS tHAR 66uR M WARHg 28 RagGhe thifded Fecessed
t he group consisting of |iquid cr&gtal polyners a

regjei (PR GRS Aoyl st & prRIERSSEhern 1o thidats ipFpdaged to Ofess than

ISH@ ARkl G Héjddrg%lpal B&%ﬁiﬁhc%%yth'ls% Gﬁdﬁd&&ilélé&ﬂl&ﬁ%'l&s than
noester anhydride). dielectric filmhas a

15tum thidkess | ess than 609n1|nclud|ng at | east one

t hi 'ﬂﬂl?e@s othGFBS S8k, ERBLRARHER oPE ﬁo@@nt@a&%?&@nté&ﬁb?&ih e
nbr ane erein the thickness is reduced to | ess than

tmmﬁwf“Whrd di sk drive head gi nbal assenblies may al so
include dielectric filnms less than 15 mthick. 15
Unl ess ot herwi se stated, concentrations of conponents
are presented HRetailed Descriptiomef th¢ InyedsiorDet ai | ed
Description of the Invention 20 As required, details
of the present invention are disclosed herein;
howeAsgequired, dewils of thiypresamtlmmetion dretdisgosedhiesrelidiotwsseit is to

be %nlggrgtl oF tl?x%tsth %15%15@5 ghﬁocﬁfﬁ@%{? %@r erel}T g@rrﬁ)flaqg g['lﬁ%?@rg ' sEé&ﬁc

unct’’ ona erein are
stimothiral anddfendtiohad rdptaéas disclawmd hi:mmtanﬂrg)t tdhetinterpaeted §s liiting, but

m?rglgr SRR %&sm ftﬁr t%e afl‘{ls 'cgld%rs] %I tr%?esgntglfgtrbgﬁs f;grr @etghl)éﬁ%/ ngeﬁ%fllgg N the
mthemﬁmssﬁmmknnhenmmmnuwaﬁmﬂhe present |nvent|on

M CCCTHERHIAE I A
thhd thetuRndleg DRpEElcato siibetraty fint sra@pper Gﬁrmno'svd teaces. Composite
circuit durability, in terms of flex cycles, depends upon circuit thickness and other material
properties. Conventional handling techniques for the manufacture of composite circuits,
also referred to herein as flex circuits or dynamic flex circuits, require dielectric film
substrates at least 25um thick. Films of uniform thickness less than 25um tend to
irreversibly stretch or otherwise distort during the multi-step process of printed circuit

production. This problem may be overcome using dielectric films according to the present
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circuit durability, in ternms of flex cycles, depends
upon circuit thickness and other material properties.

waamugnsdsonal handl i ng techni ques for the manuPatiuse@®3/020722

of conposite circuits, also referred to herein as
flex circuits or dynan1c flex circuits, require
1n«éhﬁdrﬁmw’rmah stlettive Snsinpsrovdsespeeific ragipss thatre idss Grn 251

tth]f lAgf%Of %P@é,glgena?le%tﬁg Hﬁ’f? alvg g‘tﬁeatsp : S%d%rt gls&dreélgn of

or Ot Her wi se ring the
cofiftdlled d&itle forpedtheein. of printed circuit production.

accBPRRg: Ponie g SRS BB POl EuEe) Clfiel afBs o

thi%%ﬁﬁ%&@ﬁéﬁﬁ@&azcmb ﬁhﬁmmmnﬂaim ambcbesieds@icm: {The existence of

RS ARG OO0 Dk AR5
rediié Eheient fRns bro@élﬁei; Mtbaﬁ prﬁmedcnircmagFmexmthplepmmhrckﬂldke d

depth, fornmed therei ent also
drive RRRTICREPT S R B PATIGE OF 8?”5@18 §“°‘EV&%Y ‘%&Jﬁ 25
did1E0tGKIBS Relittion BaBicRies i@ems 18h pﬁivfdbs?a ﬂllelel‘iﬂslc tsiiia;trate havmg

contain a recessed region. The. exi encebggPé recesses

rodfoed Sifthes T 6 P bBUALHTE LD 05 he SEHY A BRI pn 17
stiBRYE hAhinARE tHe GdtueaSoftaidlecthiERlt, E@hbhBqhe B@Eﬂappcﬂﬂfmer or
roperties of flexible printed circuits. Far ex
polyAmiisy @n e Wchaalﬁﬁlxﬁétﬂaﬁﬁf’r picthg hagthdisk 5‘]%6 SH%HCHS‘B%% g'g%oBPf the
1nﬁuécnl3@3§f tﬁtl: GeBHE Hirh 16'5@%0 h?@ss PRSoh R AP HRighti o h&&%&d/\ﬁnte
'm Reduction in thickness to 12. 5m provi des

head dihéscingrpasessiigrst st@pethfmblmg ervstor SR G A b, adichyafjows for
lalfg@xgm%tﬁ?tg %a‘gﬁf lriASHERRL 16 SRR Ohe hitQrai1§wetpowerh6tor in

nin stiffness mnimzes the influence of a
vedy povess seusitive portableshaehdriygs| i qui d crystal pol ymer or

pOl Mh E}ll{i’e\? }:Qllaa&olﬂg RHAG gﬁg Q&etffdanEh%%ﬂfm Bll"ﬁ)ulﬁﬁﬂhﬂ:k

e suspensi on. uct1 on of | uence of
dlelh@nd fibhse oy bethirinedri tbau@zte@rqaég 42. 6muoaieﬁ%§ﬁ> gllgwilaser gblagion

ofh ?k «%p élilrﬁfheadq'l% gsq‘gllv VE)ﬁf‘lmeQ glﬁglerﬁﬂ $hok &fn%ﬂt?f%h?évglﬂ@lAs

enabl 1 ng eater sl gha area density, which
thavblows of the lmﬁetlmmgbead mezrdy decrsagea theteyis afFincrepsehin mphgon of

lmagFSyprB‘gu\ﬁeer sen% %I{I/tgrslé%g ‘LF gf %ngérﬁ\%{ 3? i(a%[/@ge.t | nQIEnﬁilj et
draplptsiresatt tﬁomsspleéth&ﬁhlbhleg of dlelmttls filnmaiel hseo ablafianhedlovas yplume
n%g%gc?zgfe%&gt S otdI e rg];():st srrrlla(fl t'han e%qls gﬂﬂ@l&g e{etc%r{g}gilms.

hior -] €8s ser a
Reductisrkof] fitin tmblmets 1heaplecnﬁrzaztaas tﬂ'ea’eglmgOﬂﬁhdi nomks agmpiptodnces a

nt h se C chi ev .
eviRC pik B ae TR Tobud SRS ofrif i 80! s g TR Bl prot
héadCS e sitely thinmed abxible@ircdfs enamagmaequmydmmedﬁmd lbeaiiopset

Lo B e b En BT e Bk G BRe bR

flehiBiliBCdréated 1dsk htrosaad fibGRuitalse@tr ok jof apblicasibnsvia whiah 90°
i nkj et nozzles that shoot ink drops smaller than those
bends AEFOWERY t hi cker dielectric fil ms.

The sensitivity of touch or finger sensors may be increased by selective thinning of

flex circuits that initially use a dielectric substrate between 25pm and 50pm thick. Using

film processing techniques, according to the present invention, the dielectric film thickness
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Reduction of filmthickness in a specific area in the
regi on of the nozzle array produces a 25 flexible part

woaavi4ng3ssel ati vel y robust material properties PaT@ISE®B/020722

areas of the ink jet print head. Selectively thinned
flexible circuits enable connectivity in confined
maly de adleavivsly redacpd to il Agumivaiess hehé seasorfpersshre area.Tis introduces a
thuig ?ﬁgt .9 %atnte a 1sI %(r:ela gltlgeclldtt&mﬁ@fgiln%h%]tﬁﬁgéf ﬁlfﬁqgﬁgns that
¢réa ess stress on ex clrcults used
smﬁﬁmdMnk Jet appllcatlons in which 90 bends are
Q. The. sensiti,Vv rs
oy et BaBisaREs bl el A AR Rlnl] s 2608
applicatictistos tHehgde dlenmbeca;bfeylom;e Cghed |smc€mtdynmms dllox epplications

en 25m nd 50m t.h
inchger e BGGo P RBEGRY Fgtt R Sl phBRERRR fd any
dedb@i/h@mas i @isplal mith bih @larems tHat WEILQ8110. 28BS hdvantage of ﬂex is
Us2003/ 020722 he sel ecti vel .edu
ts THIYP BEOPR (TS ToEatee e ot ionds oy HRRPE Hedhiea b emc
fil@ r‘:hl&ltﬂehﬂs efl]oﬁ@’\ﬂsﬁml?eﬁ(:ller folpdt rdlﬁwﬂlg'fsha@ anged asxa«matmi witugtirked
than the t | CKer | regl o t hat. surrou it

menry Phigs, Sgles et ’é*}anef‘i}%gﬂoglé eﬁﬁﬂ%féﬁu%mave%e csigacd fPé’&‘?%BFe
staekdddutSred SRECH Q4uire tRP@ELleSit BN % Whd thforimapB desdr i bed

preV|ousI¥ Q her speC|f|c dynam c flex applications
intergemnsaied clegliPniciPmWERPt er s, personal digita

ass *I‘ﬁhﬁﬂ{g%f dfé%bﬂnc Rtely %§ed t6 @Acquétahﬁﬁ $old1a@ dna@ra‘lso Hiendds
that has "a gwa with an interface that bends or
crqags] c@gnne}s iR éyelea aphsgies-grrtiplpeselpding phagnels andqleciHs Gitgpits

prﬁMi (h@trcfd%e ﬁﬁi’dfﬁl@dlésrlﬁt% reﬁ:@ﬁ‘&ﬁ@ éc@ ek gt M%Bﬂcelvable to use
Reduced dielectric fil ness_al

MEI\@)@GN@CE’@ eerrecied thesugh fre fles cpuity & iyla]é/ﬁea? ﬂg@s and analytes
ﬂo%ﬂﬁ% ﬁ%e nhheR i @x‘ﬁ#@ﬁq{n the HBIRYstak, BS - ana?iciﬁ?&év‘i’c%'oy this

portlons of lex circuits may ned to
tymcwduheowéq chekuels of coniraligd depth omthe ﬁam@albﬁiraée afBe electrical

cn%{l@ l(?s% ffot& it dc@rﬁtpﬂ% q{:f rﬂgs ERE faﬁSW@si@n‘ﬁﬂeQ&Hﬁgand very precise

ercon ecte troni ¢ conponents. Thinning ©
alxgnmbmand positidninge{ derendfeatures.aci | itate fil mfol ding, may

al Sg’tr?c%slﬁ? qu E:e? cir Etg %c%r IEFSBQI% pSr s!eﬂt 1%6%'!&1@&%2[8(3 ilarities to the

sub anne S an ectric
pro¢e|ss:oﬂ Iﬁmted Beutgs rPawnmo é 2&@008 that deserthgsprocessiog of palyigiidesfilms

I ot So%t égcr)]les s&%%‘é BES apﬁ ;'elatétﬁvo(ﬂﬁsn %?1}3 é@tpllltecm& the e%ent

é¢onnect ed fou X Ci rcul
amliednysﬁ erembmmunazl owinkdii Etshmgmpainhtﬂlq;stt@pro didedlsicibte prhxtadwghuits
hagﬂ%l S;]?? vgfy %E’Qﬁ% 12&8?(1 r?ﬁlones rc%cg}ﬁr(e: lé']:I)Cetm u boglrog \r/l%agﬁ a@%gd Hrolcess
caphbiliie’ tnbDprkeoustiedischosed Foh aca&@me althoogh palyienidesis ttheemost
elec ric

oShEH 5 i Ve e B i) SRS BRLcn
ofadiélgiiEsibsteundd ip@indrilp adcomplished by bl pteeadsisteps as mechanical
punching or drilling and laser ablation. As described in United States Patent No. 5,227,008
it is possible to produce chemically etched vias and through holes in flexible polyimide
circuits, as needed for electrical interconnection between the circuit and a printed circuit

board. Complete removal of polyimide material, for hole formation, is relatively common.
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Processing of flex circuits according to the present
invention has simlarities to the process of United

weteai4gz3Bat ent No. 5,227,008 that describes prBCeas2g/020722

of polyimde films to produce through holes, such as
vias, and related voids. This patent and the present
Coapqﬂlleldceaﬂungnmwoet obmfivomdtion dviresd diffiudihrheg cerapanlyused es

pofgf erP e fi ?ij WS S0 efll %Xén%laﬁa dinr}bg@regén{:cpw c%ﬁve%ﬁorﬁ@gtbﬁ‘ﬂlt solutions.

regi ons requir
Mcsspeamrhemmﬂy a:vaﬂa)lﬂe pelyierdeafibn @m@mcm@wermf m’mﬂeﬂlﬂices

T e e

phﬁ’ﬁ_/ﬂfﬁlb ideamitks@@D). rPot}htmdﬂmnlyfrmrstlmlmdmg orfel ce xriopd &f these monemers

e LA B AP P i
froptBCAhdnBord e Weinbhrs agl @odpdngseircledillgOH)rand ABIGAETT ABIP

d S 8
iR GRS o e ORI CaP Ry SerLais S bl sy

préehRof bd;hvéhtﬁmutHhemaall mmml $weﬂlh1{gmhaﬁ@s tha shiclene skeuf tﬁedilm

electric terconnectl
angh may; cae 3?6?%@@61&%‘3%‘1 0 e@?%%flé??@s%f“%?%ﬁw@ ﬁf‘&%ﬁd
filBahiRkhedd andliBEgulR lskapbdfcairds@ie td BcHatl rafgtatioh jhie thedelamindted
WO 2004/023854 PCTFU82003/020722 Control |l ed etching
arggSt hout hole formation is very difficult when comonly

us e gt dded oyd 18 @ tof ihirdc 51084 shes g 61 reEibadd e ontibllel €hickness
presence of conventional etchant solutj

regaepiiecard 4 fils Bt daes not e Mnﬁlilf‘d@eﬁiﬂp?e[ﬁ e@ﬁﬁm %Ngm solutions.

CIRBAEEhn e o@Yi cl)fcﬁﬂ%to t ﬁéﬁ%ﬁﬁﬁ&dﬂﬁox{ R¥PAke suBktantially
oxydi ani |'i ne , henyl di anhydr| de (BPDA), or
nog-spisBing Ipebrelew BlrﬁowéaS( Pm}i)er kpeyyypolyimadefgms fheresis eviderice o

shbRChited Aﬁgle Qlﬂﬁmﬂé of TRBTE AQ Frv L1PREEH IR MR BT fr&ﬁkaﬁﬁ(au sed
to produce roducts desi (l;nat ed as KAPTONTM H, K,
a

Capérations O(t%lv%@mra ilms of figrdrerysfal pelymes iy higfeo R eHpiHs PTORREY:
E}gﬁl@ %‘ﬁa@ }?cﬁgregé&s 1h&udl%op@%eé%o%ﬂ\£ pA‘V NP filnms

rom Kaneka oration, Q'su, Japan).
pleiylenstayéphttialamida syeh asARIAC filn (aan Goredenke., Gkayama-Ken,

Ja %ﬁ\éﬁﬁ é@gﬂ%ersctﬁﬁ{yn%@ r'Pl %&f&%ﬁ&&om@éﬁl s|u& L‘éﬁﬁg ?ﬁm"(l@\?raray

cause ocallze
CaeldniOkayanoy Japhn)r ésmgtarlt}’ﬁbﬂt\see@émuid@mtad polywets apd APICAL™

Hflg %}51?! |8l 1setﬁei %‘&%{l df ! ??b%ﬂh% KOES i@ BPbdeh h@&zlf%l aped

€s due ration into t nat ed
stauceiees. Tliet axkstange «szcafopkytsc estor $tmt:tuwd uuits indeawbeseriarbdckbone of

th . L] ; n
N R e
otatripalyiimile @blyharsttha atelknown o swel]ﬁn Comgat whith @ﬂialllhfl giehiantyg. of

W e e e

estdrheit chmaining polcyiretro@ polynisizing ef mon@nﬁw indlading pthendémew
b%@{;\ta?l?‘gégcgé glp%%:s A nﬂ‘]@g cIe) /%f){‘leg;%s er uni Fz:lélgtafnmg polyimide polymers

are not known commercially. However, to one of ordinary skill in the art, it would be

reasonable to synthesize other ester unit containing polyimide polymers depending upon

selection of monomers similar to those used for APICAL™ HPNF. Such syntheses could
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Corporation, Osu, Japan). Filnms of liquid crystal
pol yners, which exhibit this property, conprise

wanroRsss4 pol yest ers i ncl udi ng copol ynmers cont Cmiusgoop/020722

20 phenyl enet er epht hal am de such as BIAC fil m (Japan
Gore-Tex Inc., Okayama-Ken, Japan) and copol yners
expad il nangagof@oly}mhﬂe) rylpmens ordilms, whichi tike tgnid apstatpofymess and

Afggm EIX’N Hnla%be cont a}%gé(t nel}dé@g%g}h&&@eﬁkwe@{eli%’ increase

thq)minybeﬁbﬂ@tar BoﬂtzhﬂmQ peﬂymﬁd@pd}"me:ra iobidy [l 3edigienelrbisfanhydrot n

RSB AR A oo ISR SR
mﬁamkdw ﬂlﬁpﬁﬁ‘nol R artyBrostyimiellitaic), &@LﬁﬂhﬂﬁM HTIRNEFlyﬂnol-mmelhtate),

i fi di t.f t d
R SR B G D
bist Ak &Gt trivdetlitaté)| &@(14lhy&roﬁylﬂi&ﬂyltsﬁlfoﬁﬂﬂabﬂihﬂd%lélhtate),

pol |mdef|Im|s ieved to
bigfaydygEheroEybegsng), Eﬁ%ﬂeyde%m%?lﬁﬁaﬁg 1R s G ponzoate,
1 %Qipﬂf@)‘l bi%{aﬁﬁnc%fanzb’@t@}) B Rné AGLA ais@gnﬁou@hmyeb efjhenol

| S ]

l[itic_acid_ nonoester an | O her ester
bigpmmobgReHS I HGIPRFYY brﬁ(ﬁfélnﬁﬁnﬁ?r’é‘?)h%%% ‘{é’bﬁlfP ):10
blg(gfgﬁggaqizagtwandmy\%er to one of ordinary skill in the
art, it wou

d be reasgnable to synthe her est.er
uni tDielesiria FFsHResH Bl phligrd prypiplRobEndy éb‘iﬂ‘éylﬁb‘iﬁfﬁaﬁ aving a
thﬁﬁlllé%f)étﬁ%genoﬁ ﬁﬂ‘ﬁ’@ﬁ'ﬁ)uﬁl il prdvidd 911’&191@ %ﬁrtl\r}‘\%%ﬁtefrﬁ[s for circuits
PI CALTM HPNF. Such synt heses coul 2004/ 023854
hamg/r%%é S UwL) M@tenaés(@ahle ﬂtlﬂ@essaﬁ@é agsrsuilg fophangling by
HiBEsd f8 &dcl& g&veﬂ%nﬁf‘ﬂexkﬂlé‘&réuitﬁ&‘ﬂ e §pY §és@1‘1bed in United
yners an APl CALTM HPNF, may be control |
Stenes;wé@nt Nvaﬁé?? ETES Apm@mgrwh@erese@r Brenigny the ﬂlﬁ@?‘@ﬁ@éﬂfl}@é be
de
s ey B ST ) A M o e
pro¢ess. almth;ddcmrmtqf |anreﬂc>hmg @t@l@ yarlyan Fhelpeoruicignseanengs effestsilioning

01500)?& %I{Eg{(]elcei ﬁ%e?g gﬁlﬂsle( gllnﬂ ea@ﬁ%ﬁpﬁx dg [‘.113 e ffidh JBd drfg‘ﬁ{a?)

r o-tri
thizksds4. Aij‘ﬁdmai)wylphhmyﬂng gﬂ$eﬂqctjaé)areas of the ﬁlm later in the flexible circuit

mBnuzr“%cgtgr? )g a)li'ooce%srhas Ie Ib'e te%tt '8; mtrg(ﬁuség é ohlﬁyeg ?%&ﬁt 8{)&%}9 'aﬁérmg
fisthicnesp. Rngsfdmshgfﬁjm}wmselmmb lsulistrete )thlnnmg occurs in the process, film-
hafdgrg%% henox bel%% ergtﬁ))zt%og a Scuﬂ {ﬂgt ﬁ)lr%% o%t e).
cdnvs[(tﬁaﬁalrfMeﬁmat e), et hyI ene gl ycoI

bi s( nzoat e

oy B AERAB G ety BER 0 bied or e PR AR gt
inthé §ialketiio etz aaa fitn inchidthgtihierol rbﬂﬂ&atldfﬂ ﬁlﬂmﬁlbpla:stlc films, laser
%ubstrat es, suc i gui d cr r and

| _pol
S B bR Sk on U i SuL B ers Base s
efBE0vé thiag KhenELD ¥ickigg Sddiséladilvelyshianidd dﬂgulﬁmhﬁrfa@hrs aécmfdmg to

circuits having re essed. regi ons, %t{ga
P RFORH G YBCTarePlcel a BF EXPEY, RefOEh eo%}muﬂ muficture,
may produce bulk film non-uniformities. Application of this method after preparation of
other circuit features may destabilize the circuit pattern or change properties of the

material that requires softening to emboss a desired pattern into the circuit substrate.
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15 equi pment used to produce conventional flexible

circuits of the type described in United States
woab@ne3gNe. 5, 227, 008. According to the presenPCT/US2003/020722

invention, the dielectric filmnmaybe selectively

chem cally etched at several stages in the flexible
Fusthé¢rCptbtessm nifoldg ioh ngplaqmm@m mayriper diffigolt kaorentypl 2z it is

n sequence effects
o] g 6T Gy il P b AROELA", TR B 1o
I ea‘Ptdttgsststb(ps Bﬂls&eamfvelp had Edantnollatly tMImlrrgng:cm ac@@ding to the

oSSR AT B Bl AT B9, p3pheal AfbiASe
Cfﬁﬁlﬁ po1gsibtsrand gollgrnﬁdceﬁcﬂylﬁ%rs %:dirﬂmmhlg vabortylio Bsternmito dies iusige p-
ther circ { eat ur es er or.e terin
PRI o AP A BCSST TUNHOQEP BabPgRoni Bt eipipe sepof
thd Elb&{é,b B§oRECtntactiny IIrJ_i’r&slﬁHdCa@das 6{ thé pblgmeﬁcaﬁlfﬂ whiga concentrated
aracteristics re .Nn Si mlar_ to those SOC
alkging,cieips Brigaleatslaice alipe Gieys fotigR apueprEse! OP%?ﬁa a{“?% gl
hny&fdephﬁ @bit gfifaks Weh meikgds ddmybdaen Usiell $taes Paiand Nog
-di nensi onal structures

|
5201006 e Bor & 4084 T Wfar FoTHemEdolea BRY Etsa s diclecti

filkR e TiARRE RSleinent Kdr ¥Bntrolies &ﬁnnnfgttlf@'iell&&lc fil@ePEndiipas i type
etching or simlar processes. Such nethods are

ang dhriglngpy of thespolymestertda Filra eichigg %Wéﬁpé&ﬁlnaeéﬁaﬁtdwﬁtsﬁl
beﬁﬁéeﬁ Ghocv &ld/1208E BRRANE feﬁﬁff'ésta tfﬁ?é"ﬂr@rﬁl CltOLbE:&)nGQféoﬁ(ﬂmﬁﬁtés 0

resent invention. M cro- rep i cati on for exanple
bef Hexilfly gixgui) fabrichtion fomprisgs Hreatan afsichmg, dos Gribsd akRYESn

cola “ﬁlngtlcfn Wit muyﬁyef %ﬁgtah@ Sost-BRBinE pAfcERResOThd fipgenbEéMh0d

ter pre ara I1on O her circuit features may
prgl@ss sl is auplicationdependint. Ip ane episalarocehia AYEOIBprEpEblEs

phgioréslik% alFRLE %ﬁ'fed ¥ & {]E&L&f b @of};p%? - g{ﬂ}/ﬂgnct ﬂln?ﬁﬁ‘ﬁ?a?e a

esiTed pattern into the circulit su ate.
bez QD dy @Q@Bﬂﬂ?d AT ISPO0E ©2QARan of uktreyiglet raéﬁ@@‘é@éb%llkea

L Vel vi | I f
UL 08 R RO RTRE LSRR R L Pk
sdlitioe] eyg tadd). B¢ taih6Yaiielinetd] carbrratemiitionaps] cﬂe@lred patterns are
0 | la [ n
o EBEL Y B R el 0 IR S o
besplinsd s deaird:cythfcwdsg/ The pedess obt}tmaes with mimesiod of thqlamdné& ma

ba@%%{% g%cqnll?rg gﬁ%ﬁne eﬁ (lixﬁxgc%o%ltlon a’g[% l}g el éfg[%{esoeﬁxg ?%?eeﬂlg 120°C.

This St(chd’sl sﬁlebﬂedl fiess C ta@lered rmgeﬁisﬂmkahﬂeylskrto dm)iumhmugh holes and

BGARAEE e S BRI S,

thesuat @oles i Rl lanahdisais ifdm €0 edobinty té 120 ntinutkis &f diluteclqleadus ne

tchants i.nclude sol u s of alkali t al
sqlyiPos g pamonER o has Pl GRS it Vs Mierberatures
ﬂSﬁgWCh&gROP%BﬂﬁﬂﬂeiaB@' ﬁt°fette oRate gthp cN@slmkled &sﬁt&?qn@&&h sides
nd. Nq. ,403,211 B 1 for. i ntroducin ol es and
Of e Lpappts, GftEw il ¢oPRFTEIat racgs mpy ?T%tgh#.uﬁ@g a copper specific
efckyi rements for controlled thinning of dielectric

filmdepend upon the type
Recessed regions may be introduced into the polymer film as an additional step

after completing other features of the flex circuit. The additional step requires lamination
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and thickness of the polyneric film Film etching,
usi ng an al kal i ne etchant heated between 50C and 120C
woypiwasdsy requires a tinme from 10 seconds to BOT/US2003/020722
m nutes. Flexible circuit fabrication conprises the
step of etching, described above, in 15 conjunction
of pldtdresistrip botb sideeofdhatiixiige eitryitfolbmed by kprgui toereeripl the

phgthl%sﬁga%gfﬁ&% t& L selé% e‘&% %&/@ﬁgfn@n‘c@)@ me é)o Qttokegﬁt using the

proces aqueous processabl e
d11p1leeblnnesofsatlkainanmlucazibpnaaqaqlﬁsmdnd previvusly, epokes areds of the

dleg c%g eﬁilfnntg u c {c]:hed et§>( Ic!c)) I uogleg?%%S%o g{olaﬁge 19&?11:atlons and

assmbiafeé\tmﬁ]hﬁtreglamtl cﬁtﬁirmr‘il"ha rthltnllleg bnok{ﬁs is mfeae@@ﬂlemlmemical
etc q%l?l? )8( egxz glg%lﬁg oAé%r glz I\xa{lg %) ﬁ01e %m% (\)/ gtlcgg) Cc sses Sof gg/(s)n%fl dgﬁth
intoelieadiclearidbabatrae sﬁ:thmﬂem];cum,rthe ﬂ)rotéelsxwromkslpﬂcbd phtqn@reast@s

dev d on.hoth sides aq
suRes g A1 SR ik ey sl eGP fsea
ckdﬁSlred t hi ckness. The process continues with

rS|on f the lam nate in a th of .concentr at

L s Pere RIS PP Son S n e e i et
théfék kit feusind BértroRéCIheSica Pdteifh el thal Rficte BPATteE thé@tchihgloy

crosslinked resist to produce throu hoI and 25
thiorgieiales apdirelated roighatsgmy ey eleqe P apiials as

re(%dlﬂé@ td bR e 8bsdiaiife pritays tfdu ﬂiéléfr&ut filbd. aHg ﬁelhﬁhkr@&ucliﬂg
| am nate i s from 10 seconds to 20 m nutes,

staglgrd tvenda éft repringed QGPiPGCHFS, 2bLWARIA MY HjFORFITRY St grigyfpcturing

pr@éegsa Itis BotBhieftd KA t@ﬁlnﬁr@r)éhlﬁ%ldh%ﬁﬁl)xﬂﬁat&?fm@érﬁé Hin€ $rame by
from 20C to 80C, preferabl C, to stri

inglpdag pre standfor eishing alk the frap &wgéuﬂéfe%lbst@fe and @ spegnsl ﬁfﬁkﬂég step

folditifhe WRLsSLH &geﬁsecrf cGhtfdtidl Heﬂﬂ'i AGESmAYRE ale@oneﬁlfgiﬂﬁdoytgﬁﬁme
a copper specific 30 etchant. Recéssed regi ons may

ust pf photresid, drepskinkef éo pwslepivd pattarn by erpogie M4W@ﬁéﬂd1§t@p

;ﬁ]tfe(rdl terte 5% 8f %forés‘fsﬂe%a%sargats dJe laﬁlefc{rﬁ:)ﬁhﬁ Lkt Wil be

tlona step requires lamnation

etched 4y ORdB4 rREFLUSR00R]/ 020722  of photoreS|st to both

sid

" S50 Py suh! B 00 o O R, Pl i
lnﬁaﬂuémnms@@meh@pn@dﬁmbmnmﬁegp%@mnwédﬁ%mwda%wmwpm1ﬁmwb

I

mgtlﬂluﬁ tt}gm?séﬁ tﬂé %r%gesggegeér}ég gljg O stu?]klg ?(ﬂft%%{l@%{? ??(ﬁ]? (X)[h llects
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col.?ﬁ'dl?et%%d%#hqg ﬁle éeg g Tiiee ] S_Aﬁlrtcaﬁlaﬁed %rgéetssm%ug’eg gﬁgggangﬁlé%{iew?
thetthak a nayicoy oiqhmmg statiogs fmﬁpmylnglekmnggné déVfBIOtplrgrphotoresmt
copb ey dirb AR el PR Bk el Pl i lmer im ot
thp stottag imewd tccpcﬂﬁﬁérlmiﬁﬁate pictting esiot inckide 8 humpEpefispsy bars
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protected by crosslinked photoresist.
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clean. 10 It is possible to introduce regions of
controlled thickness into the dielectric filmof the

woheod/0e385¢ui t using controll ed cheni cal etchi ngCeiuSk®s/020722

before or after the etching of through holes and
rel ated voids that conpletely renoves dielectric
Mgeaialmer materials as required to i ntroduce conductive

.pat. hways h the circuit film The step

Diglg @?ijﬁﬂég, andard voids in a printed circuit

1. 0CC APSCALBUEPNF dfilva(2 Strhicoughd shmiaer flm)tis pradneedby hanaky

C15 ﬁrocgﬁs. Ig is convenient to conplete film etching
OrRPT E t Pﬁ%?éﬂy the sane tine frane by including one

2. st eplAO(filat-Eijuitbergdtdl polymendyCR) filro Agjmttiek is phsiueest by Japeoh

Gl ﬁec nd tchiqg S%ﬁ? for etching recessed regions of
LT B SFFEBFT RS RS may be acconpl i shed by suitabl e

3. use LoP @hkor Bigiid trysat palghem(k€l QD) fidm Sejue dhieldispaiduesdrby
by exposure.to ultraviolet radiation. Upon

]Qﬁé@%égpiﬁgﬁymV%ﬁ% of photoresist reveals areas of
dielectric filmthat will be 20 etched to introduce
recessed regions. The process steps described above

E S¥e conducted as a batch process using individua

St ePSdr9 il PheioteOinmd L Gsd BB NicttiisSlotiot @ BitepivRfor dagiofjadd
to t ransport a

C .a web material throygh the prgces
et GBI OGBS0 TB s - Po ety
un8&H PrER SrunfRESSHI100IC e Gighagot s that incl ude
sel'ectively thinned regions and i ndentations of 25
controll ed depth in the polyner film Automated

Iﬁ&ﬁﬁ?@&ﬁbﬁﬂkﬂ§es a web handling device that has a
vari ety of processing stations for app[yiag, gxggsing
Aland 33ex¥ rofAsrigm Ahidrovide 3118 wividpethylplyglamig +s| wiVgde-ionized

wil.ching and plating the nmetallic parts and etching the
polymer filmof the starting netal to pol yner

B) anmi4Aattt pomssinindgdrexide roAgvivatierigdeedvaitinber of spray
C)bar 35 W{é{%}tdsﬁhm%gﬁ%kﬁ§ +t1t3%%srﬁét cth 1G5 R t9 R -ionized
i"ng to etth t t

novi n 0ose parts o e web not 30
wgenot ect ed by crosslinked photoresist. 11 WO
2004/ 023854 PCT/ US2003/ 020722 Materials Dielectric
Film Substrates 1. APICALTM HPNF - film (25 m cron and

Cls‘ A pan._ éu i '—-\J i, A

0 B0 L b S Sl B A
pdlyimide fﬂkﬁop&mﬁsﬂfgmpolﬂmpﬂiﬂi&;d i (0712 p@‘ﬁelﬁjldanmb_is(ﬁjmllitﬂ acid
mgﬂc}égt%ra elmhg&lic%sr}%%n Le?%anc‘\l-)r hafnlifecrin ugr(?g%Jn%%nélsau%n%ge‘d%%%p%nt

for producing flexible circuits. During the flexible circuit production process, the etchants

indicated in the table were sprayed automatically for controlled thinning of regions of film
that were exposed by selective removal of photoresist. This produced recessed areas

having a film thickness that was reduced to 25% to 50% of the original film thickness.
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Kuraray Co., Ltd., Okayama, Japan 10 Photoresist A dry
fil mphotoresist was used for selective |ocation of
woegi4onsssior controll ed etching. The phot or esPeT/US2003/020722
material is available from MacDerm d Inc. of
Wat er bury, CT under product nunbers SF 310, SF 315 or
SF 320. 15 ARt Adioma oN)FilapPraedssingt assi um
hydroxider+t9 w9 methyte e+ 48 W Yy
de-ioni zed E\?\%?qé\fre.i 45 V\AE&%@% %ssn um hydrom ae + 55
Filmt(ﬂiicdkﬁesis)) i Iz@E (ZASather ACJC BAE™HIBHD (0ass i| WRLGHREFOKPYE (§0pm)
15 wt-O%He ||y|cL||y|a|| re—50—w-%%o-de—+tonirzed 20—ywat-etr—
Zﬁtf’%arpét ed| Processing|for Controlled Filim Thi ckness,
Texpephes [ - 31°tabl e[ 1 provigkes evi denge that 3510
liguid crystal polymer filmand 50m polyi mrln film
Ie‘é‘?rﬁ?‘?e§| nb SEBWiRer | der i vACPIEM p- phényl end 020m/min
Thﬁkt%s&A'ft@F TThGLACt 0| 25 NoNngeek@mr anhydride) Nenaser
CRiniRg handl ed u5| ng|conventional autormted equi pment
for producing ftexible citcuits. During the flexible

Ci rcw t productl on process the et chant sE indicated in
BatdheP P1Rg LOB s = A O A4 9 Y1

NEOE & Aol | ed
t hi ive
08 A0S L e s

5 frone p@pbemdena by mhbivic ngd moppgster alhhydkdﬁé san bargtectigedy reduced in

GRS R D o R e LG P00 P gl SRR

prévss tet fdoh (RBICAL-HRN) viis|immPrsod mswiaggeoEx soiyion containing

45 BN e Tp RSN Bk efont izt nipmed

wHeaeThe frh ovas e IIBGeBaFe rtmoel Sftetbr@8trm mi n 41cn ni n

10 102cm m n Thi cknﬁéﬁég E éﬁgngl%s%n 11.0m Etching
Bat ch Processing i ckness,

Exanpl e 4 and Bxanpl eEdample 4 Example 5
Film (thickness) | APICAL™ HPNF (50pm) | APICAL™ HPNF (50pum)
Etchant B B
Temperature 93°C 93°C
Time 2.0min 2.5min
Thickness After 14.0pm 7.0um
Etching

A dielectric film for use as a substrate for a flexible circuit has been described
herein including selectively recessed regions wherein the dielectric film thickness has been
controllably reduced from 5% to 50% of its original thickness. It will be appreciated by

15 those of skill in the art that, in light of the present disclosure, changes may be made to the
embodiments disclosed herein without departing from the sprit and scope of the present

invention.
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Tabl e 2 provides evidence that 50m polyimde film
conprising a polyner derived 5 from p-phenyl ene
woizeqstoe3ssel 1 i tic aci d nonoester anhydri de) canPO®US2003/020722
selectively reduced in thickness to | ess than 50% of

its original thickness. During the flexible circuit
production process, the €himy (APl CALTM HPNF) was
r{nsgclalmedlsn an aqueous sol ution containing 45%
WJB%t’ lim hydr oxi de for the times indicated to produce
1.r eg Mslemmﬁhmfolr akd ag atshbstuatedfor anfieitde ¢itemitf saidndigleairic film
Eosed by sel ective renoval of photoresist. 10 TABLE
coﬁlp SIB&t ch” Fi | m Processing Exanple 4 Exanple 5 Film

(t hi cknes §§»lypﬁEH SEREFY roRNRe glsmonmm@ufﬁmﬂmmtaq Belpmpers and

p"%ﬂﬁ“b‘%‘@% YOAE® E’F f{‘%%%ﬁ 9;(36]%%@%9%%\ bty }\nlé HQFHecPt g’l‘%ﬁ};l | m

batkonelseidAfel@irRUlimitHaging afildeknassf fromx 2 hinetociOpouintlutiag atiewsh
descri

o GFBRUTRHEr G i GBS e RRor U RFBRREGs has beer

control | ably reduced from5%to 50% of its original

thickness. It _will|l pe apprecia se of k||
2. ' 58 G of PO L GHIETOR S B Gty g apeied
fr&h RGRSup RYsidhRg BREDolythekd WntadiipaSpiicRIIk Setétbsithalagide and

herein w thout departing froqmthe sprit and scope of
COPﬁBnaﬁﬁﬁéﬁwlnguWéFﬁ%ﬂmligC% 2004/ 023854

PCT/ US2003/ 020722 d ai ms V\hat is clained is: 1. A

dielectric filmfor, use ubstraefor a fl exi.bl
3.ci r lerdielaggicdilp;of clogn | \th‘r‘?‘}l ﬁarld BBl oRgLlymSTS LORBE:
re§&ioﬁ§;§e ctfdf ﬁf&l&ﬁgrs He RGP hPIbA s (@fmellit bRl Bén6séted

pol yrrers and pol yi mi de copol ymers i ncl udi ng
anbaiddeXy| i ¢ ester structural units in the polymeric

backbone, said dielectric filmhaving a thickness from

25mto 60mincluding at | east one recessed regjon
4.wherBierdiclestriy filiwi ofleién 4, Wherpia grig Brickpess(ofgdd rasgsedusgion xdess

thén 1 J}g dielectric filmof claim1l, wherein said |liquid
cryst al polyners are sel ected

5. The dielectric film of claim 1, wherein said at least one recessed region includes at
least one orifice to provide an ink jet print head nozzle sized to deliver ink drops having a

particle size less than 8.0 picoliters.

6. The dielectric film of claim 1, wherein said at least one recessed region provides a

touch sensitive membrane wherein said thickness is reduced to less than 15um.

7. A flexible circuit for use in a head gimbal assembly of a hard disk drive, said
circuit comprising:

a dielectric film comprising a polymer selected from the group consisting of liquid crystal
polymers and polyimide copolymers including carboxylic ester structural units in the

polymeric backbone, said dielectric film having a thickness from 25um to 60pm including

i
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fromthe group consisting of copol yners contai ni ng
p- phenyl enet er epht hal am de and copol yners cont ai ni ng
wo-2t0adesssybenzoi ¢ acid. 3. The dielectric fil mpot/usk@Bsaro722
1, wherein said polyimde copolynmers conprise the 15
reaction product of nononers including p-phenyl ene
at least (Ohe camprbllablyi thirmed tbgivnrdestiresaid thishyeds isdeducedsto lasg ghan
25dlelectrlc filmof claim1l1, wherein said thickness of
Y% d recessed region is less than 15m 20 5. The
dielectric filmof claim1, wherein said at |east one
Lfgﬁag‘ %lee: gljﬁﬁu% Af% a|1 lrJ| ﬁxfsvhtﬁem a.Jng %glg n%@eeco [)1 ers c(ﬁ)ﬁlﬁm\s/ee trhe
reddfikn piods ofhavmd’igeralnc}ualng ipedhenydéne élsKtassllltlh amld 811cmoester
n&% pliters. 25 6. The dielectric filmof claiml,
a El'n said at |east one recessed regi on provides a
touch sensitive nmenbrane wherein said thickness is

5. e 6 e e ot i de Sy i B Grcpetiral bl b

refidh Provided eCéUnhedﬁ(ﬂgpbﬂnSh RYa he3@ ga?uu gheﬁmy intierfelnl said thickness of
conprising a po e romthe group
”EBH§?§?9aﬁl%f“WF%ﬂPgwﬁﬁVgﬁéwn pol ymers and pol yi mi de

copol yners including carboxylic ester structural units
in the polyneric backbone, said dielectric film
having a thickness from25mto 60m i ncluding 14 WO
2004/ 023854 PCT/ US2003/ 020722 at | east one
controllably thinned region wherein said thickness is
reduced to less than 25m 8. The flexible circuit of
claim?7, wherein said polyinide copolyners conprise
the 5 reaction product of nononers including

p- phenyl ene bis(trinellitic acid nonoester

anhydride). 9. The flexible circuit of claim?7,
wherein said at | east one controllably thinned region
provi des a connecting portion to a head gi nba

assenbly wherein said thickness of 10 said dielectric
filmis reduced to less than 15 gm 15
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