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ETCHED DI ELECTRIC FILM I N HARD DI SK DRI VES Field The
invention relates to dielectric filns useful in hard

wale@k/osisBves. Background An etched copper or pPCTHUSINOS/001340

pol ynmer pattern on a polyner filmbase may be referred
to as a flexible circuit or flexible printed wring.
Originally designed to replace bul ky wiring harnesses,
flexible circuitry is often the only solution for the
m ni aturization and novenment needed for current,

and | doal PR GPRT R CRCTRAETIOR hERani bl Didtyutt o

desi gn solutions range from singl e-si ded conductive
pat hs to conpl ex, nultllayeﬁ Lpree di mensi ona
packages. Flexible circuits are also used in hard disk
dr i veRhe iMatigomretxtaspel tielestric €ityns wsefurdhaad digk ddivesh

digital data can be quickly stored and retrieved.
Magneti zabl e (hard) |ayers on disks have proven to be
a reliable nmedia for fastBazRgroandurate data storage

and retrieval Di sk.dr s t hat read ta om and

ot APt bPE CE P R TR oK G PABGT Hn asd Ry be
RRITRARE M SFIIbIE BivdRitloR Fle s e d meagagelgﬁﬁuyramghyd to replace
| ocations on a disk, a read/wite ad (also referred

pulkayiringhapmegst. exible arouiy isgHies 1 i %qhgﬂoa o pfpaturization
S AetreRf neb i 6 SlreW bikiBnd-Bie dictoliOlsBé BBl R ENBA RNt

read/wite head at an essentially constant velocity.
Byl iden) faygomplicatedigriges flexible sacwitglepign pejutipps rangp from smgle-sided

EHaRL B atilh Rfonfindy, ARIRAY hRE %&maﬁfonmam%esdl sk can be

accesse head is typically referred to
as a Flédible ﬁgculﬁ@mﬁlmafb@élard; digkrdrivigel eMoéerB cprpifters require

RAeE YRR, g%llt!ﬂ}’da& Lugggﬁe gﬂ%gt&eﬁ%ﬂeﬁg&gl .y&%g%aﬂ ‘;(ﬁ‘eﬁ&’)

on an alr arin oca etween t
klyérd en disksltave wcfvcm todat aarsliatblesn@ﬂizsfor fest adescutte Hatgktorage and

. The. aj he [write, head
RSP D PR A5 PR LS5 o
EdrhpoinB@s bedogiputer sybteniseXd bdcessﬁndnmﬂy tocpicos iod eslisk, a read/write

B 261 el o o B ENGH e SRLHaRlY SR B s Efee it
dmﬂf t|h6 uisk ir@ste®beneMh m&amlﬁ ihedd 1 an V@eﬁiﬁllﬁ gtbﬂstaylt telocity. By

S t res recor eads r

BV 8 e R B e P SR S Beror pECR b i the

BERVAARS1caRsall Thelefd/ G ehSs BEbically fréf@%éﬂrtﬁ 288 SRyl "Yhead
a hard disk drive conprising a metal substrate and a

becarsedt inpladesia shidertaerpd magi¢adly configured to hover above the surface on an
air bearing located between the disk and the slider that is formed as the disk rotates at high

speeds. The air bearing supports the read/write head above the disk surface at a height
referred to as the "flying height." A flexible circuit provides connection to the magnetic
head carried by the slider of a disk drive suspension assembly. This overcomes difficulties

of connecting disk drive circuitry to small magneto-resistive (MR) recording heads.
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said netal substrate, said dielectric filmconprising
a polyner selected fromthe group consisting of

w@ologiosdeses, |iquid crystal polymers, and PCT/US2005/001340

pol ycar bonates, wherein said dielectric filmhas been
etched to a thickness of |ess than about 20 nm from an
original thickness of ab reater. Another
aspect of the presen% |nggﬁwﬁ§%ﬂﬁ%g§wges a met hod
conprins arsgect pf thw ipckisery irveminalrovidel st mamb coaiphangn anfjezaire

di el d. net al
ieErgg of ¢ fort ot P s ke R el a 3Rl eie A tagpec v
HiOBPtaLABSTA8, ls&ig dﬁ:ﬁecﬁ&l ﬁ/lmmoﬂl@ﬁsmg a gcblyldelcsreléﬁted lfrom the group

pol yners, and. pol ycar bon havi

D o BB RS BT B P S POl BbANG. Shrein said

Qﬂe@uﬁ@ tilth Gad bdeAetcRePtotathickiRESSE 163F tHaf SBouit nanmamman é8ginal
Unl ess ot herw se stated, concentrations of

%@%@ﬁ?@“ﬁ?%“‘ﬁ@ég@ﬁi‘iéd herein in terms ofw% Brief

Descr A pigh& Qs;%f:t (thﬁ‘e HE RN RGhtibh Erovﬂied 4 nb@bd @&ﬁﬁﬂ%g providing
flexure for a (glnba assenbly of a hard
1

el pietpbsubpirgge,. aﬁ@c&urm plectse film to sgidapaal subﬁéqatw%dlalecmc film

f
b Rfhe o orBUEAE o MU Tnsi e SFPNPRIS, L B
pe;lylmaqmnd edlycatbomitdsssapt filhteving edleipknessniahowtdd var & greater
di scl os [ er st ood t hat
Ftﬁ 1n%i sal g 8268‘{51% f{] nl;B 6%?%\13%535 olf es§ tﬁar} ogg%(dej;ﬂg] ary.
Ther ef or e specific structur aI and f uncti onal details

di scI rein a ted as

1 ot DG R sa 8eeahflicd? of PRl & afieahyrapnin

eenﬁlgmr\e@/gnt ative basis for teaching one skilled in the

art to variously I t he, i nvention. Hard

Di sk Drives (HDD mfﬁfeé%mt gl}fr "4 %t eri al s for

maki ngiol Nigaradsedidraredort Kdad ?ﬁﬂﬁéﬁasﬁém@lﬂjﬂ bEShird Bisk @hlvé/

conprlse a supporting netal layer having a cast (i.

sol veligs a3 )ISfm’t%ﬁt@@t ipplpdingy @Pthsé Ogthﬁﬁfe&?ntéWﬁb%% for
%a%gur@smtﬁgf&'aq{aﬁp&mcﬁdvleayer adhesi vel y bonded

t oget her l'e casting a filncan provide a quick

met hod of obtaining a thin filmhaving a particul ar

desired thi ckness, these types of filmalso have

di sadvantages. Cast filns can be difficult to etch,
whi ch can make patt er nDetgiled Dedegiptioe| ectric film

diffi kY {CqUII‘CTdO détg?s S ﬂr@sreXt* inAR&ELE d%]élogeﬁ%epe ﬁ%ggigver it is to

be understood that the disclosed embodiments are merely exemplary. Therefore, specific

structural and functional details disclosed herein are not to be interpreted as limiting, but
merely as a basis for the claims and as a representative basis for teaching one skilled in the

art to variously employ the present invention.

Hard Disk Drives (HDD) and Flexures

Starting materials for making integrated hard disk drive flexures typically comprise
a supporting metal layer having a cast (i.e., solvent-coated) dielectric layer or a metal

support layer and a thick dielectric layer adhesively bonded together. While casting a film
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invention allow for the selection and use of
dielectric filnms (and adhesives, if applicable) that

wae®@sngmes |y etchable. Flexible circuits typi cedT/¥S208%001340

dielectric substrate materials that are nore than 25nm
thi ck Aut omat ed handling and processing of filns |ess
%aﬁl é)[:ovfl < qulc OIPgtg%cg ct>fk ob?afl %9 thlﬂ?ﬁlg'} lgath@Lé eptac ?’Pga[ﬁ d%suecsi ahé%lmess,
theseftyex oﬁfilns alscpmldmadmmtageﬂ t@asiffdms barte dffgkitds étolg which can
devi ces can .provi.d devi oerfornanc
s oo Pl eirie BRE S TY Yo R oRGR S thrareod
ineei@idh ahew ﬁirﬁlhe Rieti@Cindige Sﬂhﬁéd’n&t Bnsqand didesiasi€dpplicable)
unlform {eowdeathinned dielectric layer. In

o‘?“'é s, additional thinning of only sel ected

regi oN&ise ch@dds lﬂ}&ﬁ‘é‘all fusd Jl&e&ﬁ@ﬁtbﬁtﬂit@mﬁf@ﬁal@%aﬂ@x@ﬁﬂﬂre than
For exanpl e, chem cal etching bl i nd _hol es

ﬁr@xﬂrbql%Aeiorr@mdtha%@wgtaP%p@geSélaa opimsdera maaééwéhwk is known to

DEGAURR ahd, 1R ONSndtREst b BEARLI TANIAE cIHAHYRRAaE BEx-Bf-suspension
cantil evered I ead structures, which cannot be produced

piycuio foy dardidishalrivp Hedees ahn previfo ugprovmée‘flp%mf@n@mceaf the
r
%&ﬁe ﬁ#&gﬁﬁghlﬁg} %Slsc‘ﬁlrﬂj A th£ PRy A %‘E E&I%%pagi% eEHﬁts%sﬁ'gtes

disk drive that na ricate
el hegtcheduiforinbyte rprcwaﬁmdbmn@i digle¢ttieleyere In semaiastndithends,
iU S £ i
fl(({%l/tleornaotpgg : E'?f?‘lg sée%gcgiieélgés cﬁ‘qgat%gsﬁ g}glé%s]u% ?agﬁfgl?ﬂ)g gs%flﬁ For
a;@lrr;pﬂdlbmweﬂy‘ehmg oo fordtihd haded iniflesibleaircwinsudsitiates can be

cti el.ectri cal tr nsm
ShrarnS AR S s dbri SR b Bl SR R kP
§taicaﬁ¢sabvﬁwh Mi}n@hba:;aad&ed Byu&dnoentioas ﬂl%lmmt}?ﬂw I f ]?ut
Very uni formfe Because _t ree o st ness
i s criisflexpreba 3&# YrReaFARas bR El%&fgwaﬂm% ctural element
BB Rhd Ak BM&KQQ&@% farRaié@ Lyin€h hﬁmﬂ@ler cohiysie %dﬂéx@fe as
i ncreased data density requires the read/ wite head

fgsgribegyi F.S. PoloNeg|>> 104 248 a)éq 5,80-48 wrrEses mlayeied stamless stecl

G R RRChdnicaPetRnSH! d SoHikdd lﬁ}ﬂa't' E‘Jr%ﬁcﬁﬁalflhs)ﬁlaﬁm L&SS dﬁ(ﬁl@é’boﬁger
run above the rotatln nmedia. This requires that the

hyerdbiglectidqal fringadssionf the fl exure be reduced.

Decr egggé},g,ﬁ %Xﬁl@%}ﬁlh&?g ﬂh 285 udi e‘fj& alif ?Iﬁ%ﬁeﬁa‘i’sy FhicR'3h be

| owerin e wel e conposite a
cstenizeddd have smallbeuEW esiftrafeateres. Mocayvethe bgxd of stiffingss is

Frtl]t?ﬁaf toﬁ)é#{)l%lélg %‘ t{i@‘fl Ire‘ré‘l gleln’?atér}ép élgc%écl:s\éessa}g{/e% CFei %t’ﬁnl%l need
Gor dnoneasddrdact dstnﬁtyaathtee tlwtreddémst’e headlié\flip Mrc’fypuhal haads at 60-90
HB/s%r eﬁa‘ﬁaﬁ geg)laglty are currently required to fly at less than 10 nm above the rotating
media. This requires that the absolute stiffness of the flexure be reduced. Decreasing the
thickness of the dielectric layer and lowering the weight of the composite allows
construction of flexures having improved flexibility.

The flexure base material is typically stainless steel foil, rolled and tempered to
produce a fine, uniform grain structure and to at least a 2 hard condition. It preferably has

a very uniform thickness in the range of 12 - 25 um. The steel surface is typically etched to

produce a fine regular texture of 0.1 — 0.5 um RMS. A commonly used stainless steel
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a very uniformthickness in the range of 12 - 25 um
The steel surface is typically etched to produce a

w0 ove/083guUl ar texture of 0.1- 0.5 um RVS. A copemnb2005/001340

used stainless steelmaterial is non-magnetic A 1.S. 1.
(American Iron and Steel Institute) 302 or 304 grade

st eel.,. havin kness. of . 25m Om |),,.s4ch

Fopeet s rnateRihsdc LBy e hEn P et iRy 0 s race

sftébﬂ hefia apatiineatdfamsm (AOmilE xuchens aye 308 EHTAOMYE thade by Nippon
rting wth Jte lam nate having a |l ayer of

%tF 13‘?@8’5’3‘%“}"’98@@8 CHEFcal strength, and a

di el echphice RAY YEBlodhd@Y farting wAthQModPogift I@hRaleHagial b Yayer of

i nsul atln“’g0 carrier for conductive, trfces formed on t he

Yaiplezresteebfor pisehanicel epst.ang 8IHARSHICRONMS et orspvide an

Qgﬁﬂléa'lly ?nsmaﬁlgg Mnér?&m&h@&bﬁ% RhiceS HHAhEREH 1hY Suice %?ﬁl% ldRGectric
Ei ther method produces the circuit pattern needed_for

]P@Y@@rcfdmﬂ%’@ﬂﬂlmﬂd@ﬁw%lplﬁﬁ%fé@@qué%ﬁ’f trstiyampcesaiag- Hither e

1? ?ﬁd\% gﬁ{e% Jgﬁﬂs}g‘aﬁgﬁf e€dedbPintedeohhdcHSd 58 fferfto-resistive

according to the present 1nvention.
Mlé)(nqacbwmme@d)mhaséélsladﬁ@em ble circuit interconnect

220, LR SHARAA:R T Alald ACSLBYEHS R ulish, Hayee

bonded ructure ["'e ar ns
mﬂcbohrpngasa ﬂ]caibleamsum hrsﬂcqnmedmlw,swméh smppta’rs msatdpoct Iayers 122

| ay.e 3 Covercoat rote rtio

PR pted I e aPEi R, SidnR g il Hrh e S teo

parkésiof neehe vigdpoR 143 gr Isaol ol @Boat hellyMEr Hzl ﬁr@te&”s@p@tlﬁnsaﬁ fiepible

et chant rises an alkali netal salt and optionally

“a’rcé‘lﬁllrﬁf)ric?rinfgtrp 1200 sol ution of an alkali metal salt

al one may be used as an etchant for polyimde but has

a | ow etching rate when etching LCP and pol ycar bonat e.
er, when a solubilizer is conbined with the

al kal Therﬂ?%lﬁ’}L alR# n% d@&e@&fﬁ"ﬁg soldtion GefdrrB@ toUR RS 4 etchant, comprises
effectiv etch i'm de copol ymers havi

@aqub%wyfstwcsalé gtlcb@pt@mﬂ SOilvbelr?ér polojntiep Péarbéaga%b@ﬁél salt alone
#n%oﬁe u2f gs BP%:M&’?H f&?gﬁ%ﬁﬁde WL 2 BRI %]% 2RhiRn %{éhﬁﬁg F;t@» and
0 c e,

use res I nvention I nclu for exa
p@ivcatslmnaﬂm Hpmemu wleen (alsOlpilizersl cmblmldxihq elkgliaery) salt

%tgl?a%g I1 {)]%? u&mgfife%qka% rg%f)i() ?{)jlg%’?ide Cops Fs havglg garboxyélc ester

AEt amonr um and nium

oritsrin melpbbmehb bidkbbne, L@Esf ahd mlk@kbmeteet C _hant S ! ncl ude
eSO 1% LR LT B Ak e camoe,
potaksimsi eh@roxaded KIOD)] dodfiinxhydi@sde (NaOH), substituted ammonium
hydroxides, such as tetramethylammonium hydroxide and ammonium hydroxide or
mixtures thereof. Useful alkaline etchants include aqueous solutions of alkali metal salts
including alkali metal hydroxides, particularly potassium hydroxide, and their mixtures
with amines, as described in U. S. Pat. Nos. 6,611,046 B1 and 6,403,211 B1. Useful
concentrations of the etchant solutions vary depending upon the thickness of the
polycarbonate film to be etched, as well as the type and thickness of the photoresist
chosen. Typical useful concentrations of a suitable salt range in one embodiment from

about 30wt.% to 55wt.% and in another embodiment from about 40wt.% to about 50wt.%.
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with am nes, as described in U S. Pat. Nos. 6,61
1,046 Bl and 6,403,21 1 Bl. Useful concentrations of

w0 b®sesskant sol utions vary dependi ng upon t hePCT/US2005/001340

t hi ckness of the polycarbonate filmto be etched, as

well as the type and thickness of the photoresist

FUAOE DsothBhERatHE LI @R SAILbiftkd: Ao B ot Rt Prom
range I'n one e Iment froma L%t

Stont 1(%1‘.% tb ahousdfottiie andeln‘gwhmmboqhmm %mn abowu Ofwt. %’otQ 'd)out

f
S B SO Gl LA SRR BB By s
aiharich bbEanke ROHDcalinihg aamm%m aptinaitlp tlobed feabedimbet
f.r om about
HhoBEH GBPFTAE RS 1 SPBRE SHUTBI. BSEISRhG PR RT 5 om dbou
so°k@l i2nerpelbbitan0be (2u8s §) feeldrabnirérn abag 761 € KEGOP §) to about
r ovi de o)Dt i mal I(;é1 etched features in the shortest
idu000F) W iRg SR8 et ching sol ution is generally at a
tenp ,%lﬁﬁéh‘ll? 118 sofubfretil At etéhantGolutidr iskah abr@nerdd@ipbudd Pre€rably
(248 referably fromabout 70 C (160 F) to about 95
@ trgplanying el ull?glz@qs donietrgantpolytiensiacgording tasibe prssent Zwpntion may
gé;selﬁ gm 1 %&dﬁyceﬁblgtﬁ% aﬁaﬁﬁw B1cRAMR R ne RI8HKY, BRbYlene

anol am ne i zers for etchant sol utions
diswinedthylaminet methpletiylanting andeaiicinolamingy susd as etharalenine,
r S

d{ ﬂl%(glmm rﬁléﬁﬁ%{rebaﬂd]r}g%gﬁe 4 ?gém&n e nt éo’“ﬁ:l ?‘ldllnagdmg the amine
Biﬂulhyiee,tdcydrdmg mcet;he aredem Iiﬂvamtwlnamrksasosg gfﬂ:pt]asly within the above-
thfigglg]c%q.%gr]c n %%e ges 3{1113 tsﬁ%n%egt% thal fn qugen%] 9l I%IQ c[]ugl m@&gmglg%t work
&ﬁletcbidglpz»@barbalmrod ﬂlqlgd bxysthmolm@s éet, thermem aCdlﬂ’B.S\t!KSD]klblllzer

st e fe i vel abovere er.enc er t
B RsasolvcmeuE it e SpRarust S SR AR e of
U&ﬁ:@ﬁf&u&ﬂs atalmrﬂfetému mtaqmdnu sietione Dikronaty 5 thiymbst gféctive

crystal poly , the amn

kB 5138 Sofstons ﬂlé’“ﬁé‘i’%%ﬂ‘é? of fiﬁ%ﬁ? ﬁrﬁ}tgd Qifeyits bgsed upon

ROl YFBIRtclBS liqd £96thI ﬁbﬂllﬂeré/%aﬁlﬁigﬁinélyl stritthRd fEaaReeprfiously
concentrations of alkali netal salt in agueous

gpatiginablg usipg siepdasd vle@PdSt Hidgillipg spunghing pnd lwr Ahipipa. of

etc haﬂhde%%e%h@i%nsaéﬂe&%g} e BRAUEAS b GieREuit lfmsls@asﬁate
printed circuits based upon polycarbonates or |iqu
begpsteaplublsl byrastian ¢fahs sedpbilizaeinghespresgagant @duﬂ“@wmﬂy é@lcentrated
TR 3 08054800 1 B0t 06 ends o
tertgpe and nlsclofesmf@hlyngborwtﬁﬂskbe e atcbhels tfmfcompghi‘rédneqfttlud atching
S RS R Ru GBI B G B e cetresion
concentrated aqueous solution of, e.g., an aI kal i
ﬁatt&}alssal t. The tinme required for etching depends upon

The present invention provides an etched dielectric film for use in a hard disc drive
flexible circuit. Etching of films to introduce regions of controlled thickness is most
effective with films that do not swell in the presence of alkaline etchant solutions.

Dielectric films of the present invention may be polycarbonates, liquid crystal polymers,
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the type and thickness of polycarbonate filmto be
etched, the conposition of the etching solution, the

wet@h/0smaper at ure, spray pressure, and the desPCBEUS2005/001340

depth of the etched region. Materials The present
I nvention provides an etched dielectric filmfor use

in har d. dj

F Po it i Po oD Fids Gt s LA et PR nfl i e
pobsierie foﬁambne/ ePradetddlyf the diirntbbﬂag etgbediie substamtiallyi fully puyed.
presence of al kal i ne el e t

P ¥ nehgeenetas g B o R g bR e
BakSIbIgctEE Yiidsthte ARk KPS LM, thick. pHd)Vyevm, dhel, dlskrdriva ahamgfacturers are

ol yi.m de copo] yners havi.n ar,boxyl.ic es s in
et (et el AER OB PERER SRABRY OF¢hBRY 17 ol g oFess
B} cdernd SoifiHb sthe Mitiakssyof el didlectity filch su&tfalt@cmn relate to the level of
continuous roll-to-roll flexible circui éfﬁﬁg%r Q%
cpffweléss assaciiled With SOHbIS Ui LTRsesting 1 TRABTCRR. It e i b is
% 31'%191@5 ﬁmﬁﬁk SroblBas Githl ndlerigitav@lingran ieag taidieiclirs &

enan

Inner dielectric |ayers having a _thickness
@ﬁlsmﬁntnmnumtu@mﬁ cirpait ghcsies) dmsuppertedyaimsof uniform thickness less

tfha ﬁu@ﬁ {eé& gdalﬁr-gpgf&?] sﬁgtgfr‘ 5 otﬂér\évssg ﬁlsﬁgrﬁlﬁi‘ﬁ% :ﬂteﬁmlﬁlhlsfgp process of
msﬂbunam qudud:th)nf Tleix plt@b]@rrunfm:hﬂ qQvelspe BEBE dgleﬁm films according
{Tﬁ{x] u}*tf)(tgse% 18%?“ 10I1 m @ﬁlﬁﬁ {hlrﬂﬂn)%etg lésithhlg?ﬁuﬁ sk @&Qfétaﬁglﬁﬁérﬁlm has

i'ng can
Baeh hillgid d tb @sndtal scimsnsiesterthat rﬂwmétd@ubﬁh@tecsﬁlpmrtsdhn ﬂnnned

uct rte films of u
Peletiie Rl i PoRg-ts preatirdit e R Chihe e
phhenoER glbebort during the nultl-step process of
printed circuit production em
over cOMENHYER g2 %?tlé’ﬁfh 8%}1 f!}ﬁ%é\ep F Wﬁguﬁﬁ%tes having
Eh'ilﬁz%@ Pdgidnd HRNide QR plbioM HrGbtuttel o Mitdglidkalrives SinthbaindiskSinive
hi ck occurs_after_ the film has beeg@%g ered to

ARG I09 3SR N ESHE RO PR RO BTt 0t P PRD g fgeile

Eil?&uttlﬁ] bRnesh Qhﬁh%%xﬂ&% atd AW AahthgdoBstP Bawy DERESRE 0DY5 pm,
continuous roll-to-ro | exl bl e CIFCUIt manuf act uri ng

piénmsﬁ)wnA¢k%$ﬁ&b@V%ﬂ?“mgﬁpl|cat|ons for highly
flexiple exm@%n@é §EddntrGiidd degﬂrl%%&hﬁfg%?Hﬁ%c%%ﬁ&aﬁﬂoﬁﬁ%ﬂtes to

regi ons ude suspensi structures for hard disk
dinproesnent m Haad dislddrve agplicaionsphririesamplesis hargd diskglgivp peplications,

?l}?é‘l(l:qlgil? éo § SN PElBRIE {:1r5u%r%13§/53@n§a!dle ?Pom%gfrf QEIRAE b F‘lr{? Redfiction in

e CIrcul head gi assenbly area
feyknacita Ao &2 g prdvades a dicldeiric Isn@@stediavms refirpedisifBenmin the

10 a5 SRS kb T hgp B 05055

GeMiehdelpfti@sdidlectric film on the mechanical attributes of the hard disk drive

suspension. Reduction of the influence of the dielectric film leads to less variation in the
fly height of the read/write head. This increases signal strength, enabling greater signal
area density, which allows for larger memory capacity. Film thinning also facilitates the

use of a lower power motor in very power sensitive portable hard drives.
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I mprovenent in hard disk drive applications. For
exanple, in hard disk drive applications, the nmain

w@orosiogdssdf a flexible circuit may be nade froPCRBRI005/001340

dielectric film Reduction in thickness to about
12.5mm provides a dielectric substrate having reduced

sﬁlffCess in the head-gi nbal assembly region of the
K °t . The reduction in stiffness mininizes the

i nf | peR@sidefilh hea cingh@dy nded sitistrate 6 fiekiblendchumthethifill the

attri butes of the hard,di sk, dr.iv S

e AT SRR S et HEMRBCTR Ak has pxcellent

hr§REstsaoH 48 Sermal abilitpBnd Wwididediigeohetnght  of t he

read/ wite head. This incre Sg;ﬂ gnahﬂﬂtrengé i

enablAsrigseibedindy. SiPghio- & B4t st Bpossily Prafich senyigly

4‘(%[ 851as %@ﬁfdﬁ & 8PIRE Intfexibid ﬂdl@lﬁﬁﬂeﬁ:ﬁbﬁl@ &l izedddaret dledtadak s
e use of omer power notor _in v gmer sen3|t5 F

lpquoatﬁCéommemth@@Ewﬁ@WP pripied PV R Complaieitgnoyel o
oﬁj}ﬂ@? lr}fatﬁ‘?d? FoShtS foh on! @rrelgtliv%ﬁi' dBlndil CehttdiRd tef&ﬁﬁlg without

ereqwrerrentso rrpex cuttln-elg?
iellefotmativings vEs étfﬁdsul@shenﬂqmnfqn Iyriserbolyigyids filgsswell uncontrollably

%rﬂg e%%ehgesof%g Pﬁ&}ai Q%M&ol&foﬁg inrdst &’on?r?é*cfaﬁ avalla‘lb\llg polyimide

ric cons descri bed in
ﬁmﬁa&nﬁﬁé‘ﬁhoncﬁnelrsofmymdﬂht@ ctmlhmrohlﬁBMﬂfﬁew axiflipyiline (ODA),

B

PeludRg dnd Hem6re lOC theke mmd)n&rma}nbeadecbtorpmdube Gbaprpducts

diorensies Gpder 1 oge Barmd R rONHRRE il fpaip@h o8B gy Pont e
WeBE bnd ObRp A9 ORELEANe, IGH)\wad KWPITAT AGYNP fiths rQavnadarhi@frbm
used polyimde filnms swe

tr
Bresa RowmEmoBaTb IR AT TS LA PSSR Bg s conentiona

CRIEA Qﬂcﬁiﬂtéf SR¥AihL BlnGedARd Miokheke of the ﬁlrﬁ Qﬁfpﬁlbﬁ efise localized
mononers of pyronel litic di anhydride

delgmdinatien qfn@sls(t Gy candpadiip Bﬁ%‘#ﬂm‘a‘ﬂ & ﬁtylaerd. f&@ ‘P’B{E’Eﬁ&i and,
Prrh%ﬂ%l sqfr%ge QP?eQ ud foRRhant RALMHM A& ROkIARMEted Behs!di Ng

ese nononefrs may be used to produce
fi | m rooduast ® dies ikgm palyignidrefilmsithere i gridenra e shempopopllable

gﬁtbm%%p}{ﬁlbﬁégﬁ&lﬁ !ﬁv | (:asalfa%_b@oﬁr Iézinekg%&ﬁgﬁhoﬁj Q)t&? 'Jﬁ)\dﬁ)s The

(eﬁvtajlde&lﬁbﬂbéxyﬂlmﬁarmau@bmptsnmthe@nlyH@leaCkb@lp%Eﬁ on-swelhng

f
R R ek RS and e i
tpblygkRaba affknoha té swdl iardntam yithalkebnd @dahisz ed
del am nation_o s ist...This cagt%ﬁad to

cont r OFIGHL BE @@ m}%flllﬂll%lrgllfgge &a i:?poéyg Lﬁrzl}a? g%rlves gs ester

uﬁﬁ%&ﬁtﬁﬁmg Yudhie BoSNRKmeNzGipal imofomhert mctddﬁlgdﬁﬂ)}&nylaat ed
ar eas.
bis(trimellitic acid monoester anhydride). Other ester unit containing 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
expand the range of polyimide potymers for films, which, like APICAL HPNF, may be

controllably etched. Materials that may be selected to increase the number of ester
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In contrast to other known polyimde filnms there is
evi dence to show controllable thinning of API CAL HPNF

wo pdos®syesvai | abl e from Kaneka Corporation, O sSBCT/US2005/001340

Japan). The existence of carboxylic ester structural
units in the polyneric backbone of non-swelling API CAL

SR BRI Rl S YRS iy
dlﬂl@wahé(anhydmammﬂttatw, eﬂlylaﬂld@YQOhblS@nh)hiamtrsnelmate@btphenol

lglgy q 8_%&1—?118%1;?)@ nyn%lpﬁeng%?(gnhrﬁrot- in) eﬁ&%ﬂ% E{é@#;}{%xﬁﬂg}ﬂ
ﬁmdémﬁdaﬁmgo-afmmw@mw-hmbxyﬁeﬂrgplrenpﬁae is( i gdro-trimellitate),

bis(trinmellitic ac oes nhydri.d her .ester
AT EBRLRORTL BB éh?)%v%@‘?@yg S MOS0,
&q&m@ﬁfd ﬁllnlemltatkp\I\@Vd@phenblmlsqmmtﬁenmaﬂa)ma Miphkadll in the
woul d be reasonabl e .t gz§|ze ther st er
mﬁ{amn@bmza@tﬁa Rgyigen gveal aé(aﬁamawo&te a%lﬁ]aql i (afpigppenzoate),
&%] L &en Qi YAmITBRAIESS), Bik ah%ob%&oﬁt@ﬁ&@(aﬂl%ﬁ)@eﬁz%ﬁteﬁgﬁcgﬁb like.
HPNF.  Such dyntheses coul d expand the range of
pol yiRehdwidsdilpames be eichdd ysing, sompre:swf ppmwmhw@zedq—wdmm
@}( cfe dﬁfﬂgt E[SQfeLc‘?l}B!icy inQY. @@Qt NW 631r1I Oar%%lt 5'131}3111?9)1 kalﬂﬁe etchant
to increase the nunber of esteércontal ning
eokapiing deolgolizener s i ncl ude 1, 3- di phenol
bi s(anhydro-trinellitate), 1,4- dipheno
bi s(anhydro-trinellitate), ethylene glyco
bCB(anhydro-trinellitate), biphenm

bi t ||
oi o( yaraEerpaan 4G Bmsdie i i s paieny s substates o
Aeible Srduite h&(lﬁgﬂmiﬁcﬁxfédﬂﬁg'hiﬁﬁqhéﬂcﬁb&}‘ormance, lower dlelectnc loss, and

blﬁ%‘glglstﬂ{pd } gg(ggq?gtﬁ P Y}fnfc%rfgbls S&ﬁa{}gc}{cedr{s%cst o LIH:‘Tl %1 ms 1ncFI‘1?1de

DbsfieH e Qod, bosalre hiseiptibn 1daé Gbhy 8Y:0% YAGRGK ¥ REETZEBRY)of
bi s(anhydr.o- trlnellltat_%$%l 3-di pheno]

B AIRBEEh IRPERAEling haloldng (ARG s br akicddangbhples) and a
gﬁsﬁ&ln@ @@ns%i/ﬁ:& ko BicsdPaTs BRE RZAAIBNal fféh&lﬁ@j’ﬂ Pinge of 1kHz to

| s(am nobenzoat e), oxy-di phenol bis(am nobenzoate),
BIGH7 Erwmb@eﬁ@@iamaertms of higHidhertyatakbnokinecrs Wers dne e preyiggsly but

E?ftxé{llltms Qﬁthﬁ) Cf'rg%sx evifited tcl@‘.hl%gtl(ﬁlsdé ﬁ‘ig Jﬁglé}}é{a? g&l§m91fs to complex

assli um e Oor so
eﬂe@mmokpesbmbhezu Th&etckat w1th|golu‘61h&1 tdepribedBicrein rnak]@ nogpsible the

al kgtfdg?%h%tlﬁsqg ﬁt E E@%;n%flg] +sn 9 e%h%.‘ie HIHDS étg Bl ﬂeg %g-shép%ﬂél&

me represent suit
mémblneal A; smlastyti&twah diguifigrysfal po&ylbém amd AEIGALs HRaWipolyimide is

B e AT RSB B el S
f I | meNofhadl Rt Bliisf ligsd Ofysﬂamlirhérﬁrsompfi'Qb debnatic polyesters
including copolymers containing p-phenyleneterephthalamide such as BIAC film (Japan
Gore-Tex Inc., Okayama-Ken, Japan) and copolymers containing p-hydroxybenzoic acid
such as LCP CT film (Kuraray Co., Ltd., Okayama, Japan).

Some embodiments of the present invention preferably use a laminated composite

in which the dielectric layer is extruded and tentered (biaxially stretched) liquid crystal
polymer films. A process development, described in U. S. Pat. 4,975,312, provided
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el ectrical insulation, noisture absorption |ess than
0.5% at saturation, a coefficient of thermal expansion

w@pEsosssks ng t hat of the copper used for plat ePCT/O8OKO01340

hol es, and a dielectric constant not to exceed 3.5
over the functional frequency range of IkHz to 45GHz.

J@lﬁéﬁﬁlﬁ}ﬁ@g NGl P&r%ﬂ%ﬁtﬂ{le@%oﬂgpié f)&?&h& ¥ SF BB HIF" S

wer e previ us y bu Ifficulties wth processing
qmaéalémllcwd apghl obmesn(LIP) idegiified byrys trade ngtiey MECTRA0

PR SRS AT e FREC LSRN AR oy

haG8d, hvdilble fotrednioas Pofiyante deodastsia MlmatzbélbloeelstemBCP #lres of

A G T R TR T —

smﬂbb'lb foreodustidn et dpviesasasbleE swanb ﬂwybm—msp&tsﬁm agdtiniblied used in
téges of polyner structures. Non-swelling fil s
Scrystal pol ymers conprise aromatic

p ol y eﬁkeieselbpaﬂénu of lﬂ@m@;@agl HERfed LOPHlAE,WHIE providing a film
p- phe é enet er epht hal am such as BIAC film(Japan

é@@ﬁt@l flexple mr@g’g)?aﬁglq@]devzyg% 345 subjest tod W%@ methods for

foRRing Rl B&hdﬂlgk&\ig{ ﬂé%ﬂh@ BEQS. ACinthostthaNindtiibiRaGhe ldck BT a
Kur aray Co. %ana Japan) . Sone enbodi nents

crabetplmégéﬁthOd s LEPeWeth@H|Sychwsféclauquamomiewlrcmt
Pe%'sﬁ& Asgl %a@lpsﬁedt ufétvsﬁegfea 4@{3&%{ aéés Xk ﬂgﬁgg angled

tentere axially stretc crysta
q)cbdwaﬂier:mﬂd hotde inkhpled cespridel/@tcop design. descri bed in U
S. Pat. 4,975,312, providednultiaxially (e.qg.,
biaxially) oriented thernotropic polymer filns of
Balyaweionatal | y available |iquid crystal polynmers (LCP)

based s5iemE AP PRGE NG e inoLeT Sy idover
XYBARo BbipRRAOWhioR 8@ Gerydindbltaid bepétiesoAnptoations at high

Per f or mance Products. Multiaxially oriented LCP filns
Bedueriyd 955 Eless ﬁ?‘i“%‘ﬁ?‘éa‘?ﬁk% PRSP uaverdgyices.

f 1 exighie gcnym a16 Ifilfdinky bPEtehe@iukigb kdlutidHs DF SFRRRRGT lfiydromde
sui tabl e roducti on of device assenblies such

despdigpyd SR, he el ig so slewdhat Anly fhepugfpegof the film can
ﬁef éer%ﬁve V\% ben dexghe Qe[iﬁﬁ'iltlé’sfto ?}rﬁdhéea?féx%lé YriRéd &f&lﬁghdvﬁﬁé thinned

| e providing a substrate for flexib
mlmthomgte aviptrples @m@éf/cel@on%@wbswms vaitlpyoadst anti/@r selectlvely formed

SePreb{Oh £ fefik1s bl iR H D Bre il
b 8 T L 1 il
fiadbsedf Uatlhtwnﬂqyabosepzthmmg wféhdwmﬂymdqon@ts élmﬂlaa‘beb@key issue

/1 hout Cui ruc
t\S% revente Hofl}](ﬁebrg? e Gﬂmg Fl ‘tren{;p 1nrh i Volun%ehalpgflc 1ons
HOWe\&:r Oﬂs isvdiscdoshdamndngughhipdreid, polycarbonates can be readily etched when a
solubilizer is combined with highly alkaline aqueous etchant solutions that comprise, for
example, water soluble salts of alkali metals and ammonia.

Etching of films to introduce precisely-shaped voids, recesses and other regions of

controlled thickness requires the use of a film that does not swell in the presence of

alkaline etchant solutions. Swelling changes the thickness of the film and may cause

localized delamination of resist. This can lead to loss of conirol of etched film thickness
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sidewal I's could not be included in a printed circuit
desi gn. Pol ycarbonat e Pol ycarbonates al so have | ower

w008 or pti on t han pol yi m de and | ower di ePEDUS§1005/001340

di ssi pation, which are very inportant properties for
applications at high frequency (GHz), such as for

wi.r.el ess co cati ol [
B ESePR SRR AR ElR e udI B B Rinatlo iy
Qatvelad eichihy off ﬂﬁmsmcﬁdﬂhg swifie presdy hventicdeisahashmicedskfel with
etch r te S m1tha1 h sur of the.fi
bl fonsty s wertern - SepRintial Bk ARG rBlera R eeh R
WD BE uch laf Xsinefidant aﬁﬁdﬁdt thh(ébdpdssd o aﬂ@llhdﬂbtﬁ]ﬁ}ﬁdas to not

pol ycar bonat e substrat es @ carbon te subP tes d
B A es b -8R o] GE POPY PREGS! OB EiREes

foQEHE E€hsR §Ridng, IR Poiydhide WﬁlﬂS\#HlKIG s a@@ﬁﬁ:ht thh#tth@Bthickness
not previous|y di scl osed. Until now, | owc

esanqtde aifpriively coneolisd iy eedrasion dixamples ff ﬂ‘é‘%blﬁ é‘% syellipg
Ikoﬁ‘ry%%ogﬁ@ha M%btl@dé sﬁ?&lumraka@ aﬁgu%sﬁmtwﬁoﬁ,wmrﬁ@g g

I'1e vol une app i cations. mever as is
lwhlmtb@s@d bbndis mmolmrb@nﬁe/alp@p%mlmﬁb@ds@ #slugimg the

@g&ﬁ Iabéﬁ ?ﬁ %Iklﬁéi tﬁémeﬁan%@kvﬂgk%% GF%’lé&BEQJPRﬁg%IW IR,

I ne aqueous et chant solutions
pcdyqarbosaﬁ/pbkyethgbemtpbld;thalm(ﬁC/P&"ﬂ) blshds, saI ts of alkali

trod
A DafS PR AR e bt e B ™ 20T Ons of
p&yﬁafbbhhte@olytﬁth.}}{dﬂe%-n@hﬂnala&$ (PPe/PBIe POPEXN) biends, thdany other

T

5%amﬁa@@ugethmﬁaémmﬁblﬁe(mmmtancopblgafartroasue/@blyeﬂimrmde
can | ead to | oss of contr f etca}B
o/ R ot OiPe PEGIcHR Sgﬁ%&eﬁr PE4R &esa%rén‘fesﬁ%'% iRant

ﬂ&l%aﬁ;ohﬁ’t@ lidthRe ! BechdahdfhR ML hatd £Asust tOMiffQbdt@dlycarbonate
etching of filnms, according to the present invention

lagorirptcostiecadiibar ORI DR %eaﬁtop%lmlycaﬁma@mer jggont o a
P@*—ny sic mat%ﬁg)lsﬁﬁe? td.al iM@@‘ﬂ@]bL hhch i§ € f)@l&&rﬁ&la%)olyvmyl

at swel such an |nS|gn|f|cant anmount

ﬁxcprtﬂ@édnm@ie éti@maGEé? asties). eRdyraronate matsripls mayiakigde fillag with
EDBGHNEIS ST GHGhAR A8 edlke OF P raf LGB U1 BEAR RS as TRine
exanpl e, en expose sone etc utlons, sone
petdrygants, U8 satilizessypighentond theikan ext ent that their
t hi ckness cannot be effectively controlled in
reduction. Exanples of suitable non-swelling
pdhasp@r bonate materials include substituted and

ar bonate bl en

bt e oLt el e PO Pon g DR
caaprisglignOméthiElayer, e.g., stainless steel foil (SST) bonded to a polyimide or
polycarbonate polymer film by a bonding adhesive. The polymer film may further be
bonded to another metal layer, e.g., a copper (Cu) foil.

Suitable adhesives include thermoplastic adhesive, such as thermoplastic
polyimide (TPPI), or other wet chemically etchable adhesive. The adhesive is typically
applied in a very thin layer, e.g., in the range of about 0.5 to about 5 um thick. The

adhesive-coated dielectric layer is typically laminated to a stainless steel foil by heating
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bl ends avail abl e under the tradenane XYLEX from GE
Pl astics, Pittsfield, MA

wpoioposiskoOnat e/ pol yet hyl enet er epht hal at e( PC/ PEAQT/US2005/001340

bl ends, pol ycarbonat e/ pol ybut yl enet er epht hal ate

(PC/ PBT) bl ends, and pol ycarbonat e/ pol y(et hyl ene

bzc{tlﬁ Tangxg ﬁ)t P%&)Qf?&&'esw F\’Aﬁtﬁm 2%% Pﬁwch QL 1 1ol bt l%ﬂ 3@1!3360°C
other Bl en onate wt ernnp

ftest the Tard t}mmﬁh@amhmtmaé, tampaésyine the IWIZSHOmher usmg heated

ol y.carbonat e/ th PET), an
BBy R PRBRE TIPS b B AEESVER R R bk e
shihRES sidel. The tl@ﬁﬂee adiegiot aemeasutet et qopmstﬁmperdtmmetsinig Gualubtsy

e .l am nat am.nat e. ma .
el Sl bR s ot PAVORL SR B ReB o
each ot her or may have at | east one pol ycarbonate
| ayer adj acent to a thernoplastic material |ayer
Naf-gdhesive-x AN GS125DL which is a

pol ycay NRARLGS RenMhd¥d lahind@] th@posidunatuesnidyBe@sed to form a
Pl asti cs Pol ycar bonat e nat eri al s naﬁqalso be filled

{lpure fonp by dsk Seive: Sharpepfastis s AUbAs fapid Srystak golymers and

S16h R Yte CROhiRable @&qbﬁﬁlﬁg gc it@grlcludd With &k 8ledRd bSan
stabi |'i zers, pignent and the |ike. Adhesjve

mihesivg- eﬁwplaﬁlaé@n%mgbb%qnéﬁi g asupRoTtingsmetsdall, sughas siadnless

|
?ceél g%g egg[ng fsbﬁhor‘fésl%&r&imﬁ% ﬂ‘gzgl@al{%étg sgﬂé %f%l%lgh%f to etchant

pqﬂty@afd@e ebithe filrol Ymetalffpil hﬁl‘b% & ldgsfrrane ﬂ@}d é@ﬁé@ pupface wHbform a
F&ldycgﬁ{e etdhgrmh%%d gﬂﬁ'atcg ?&r&%?ﬁ%ﬁgﬁ%f é{bglé 5 Bt 3bo psi

g., a cop heS|ves
pwamudeﬂkhmpmmp%amﬂnbmddmt@ﬁﬁ@nngﬂ@hcﬁhnﬂh@nm@pWQ§ﬂM%cmme

t b qast]%;%?ne |t<.)> of! ThY Qoqld g%hrfgc‘]g %mh% %é]‘t:}i f%i ﬁ%&aﬁg treated

hes Y eS|ve
bvlith |a strm@sr aciddc gich compdsit@nr 8un®lecﬁ01datmdtan@ f&r stegnledsoietl lﬁclude

f%qsglg |a1:1§}s ?ugﬁ,ia%%{]rgtam a81dc a%g {l‘ggtﬁlldeég 1% tG amf%l g%eér‘clﬁonc ac1d

heat i ’%ﬂgﬁ@&d’hd sk @I &etgkmrmepl'p)&fcahdﬂ:{l éaninytpinglalsy bWetcham treated so
0C o her ut a C above T,

Fci Gk B2 ool eier et mO O PSR E g 00987

P&q@ﬁﬁd@ ?Iliqe usH gtr‘] Bigh &%i}ﬁfhftllﬁB pashdligg pt]eag t@ﬁ&rfnﬁﬁ lakfhdtSmatefial

orce e.adhesive to nto the surface text

Pﬁ"én%*t hiquid estalgiolymper mpffe gé %?l}dé%g belrRea A SRiness ﬁ’@%@{]ﬂ? %I&I
;kpﬁﬁ1Eﬁ&ﬂﬁﬁ@&ﬂﬁ%uﬁﬁhﬂ&mﬂﬁ@ﬂﬁﬁmyrﬁ&@ﬁﬂ@&&mﬁ%ﬁ@ﬂﬁb

J%e3|on tests needs to bﬁg&reater than 2 founds per

ppRYisatfons.fEage §yspension Rgs§IkH P{.p and related disk drive suspension

assemblies.

Alternatively, the second side of the thermoplastic-metal laminate may be etchant
treated to make the surface suitable for metallization. Such a metallization process may
include electroless deposition or vacuum deposition of a seed layer to be augmented with
additional metal layers using conventional plating techniques. When using electroless
metal plating, the process for producing a metal-seeded thermoplastic-metal laminate may
comprise the steps of providing a thermoplastic-metal laminate substrate to which an

aqueous solution comprising from about 30wt% to about 50wt% of potassium hydroxide
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As alternative to an adhered | am nate, conposite
structures nmay be used to forma flexure for a hard

waele®k/ ooy e. Thernmopl astic filnms, such as | i quPdI/US2005/001340

crystal polyners and pol ycarbonate, are suitable for
form ng a conposite structure without the use of an

adhes) \ﬁ%ut ﬂa“vﬁ‘ WFB#)&E |t3}5\9t°ol) S apph a:?@ﬁ)rg\(ﬂ@g efled: datBermoplastlc-

Support suc ess stee
mstaﬂgmmateesubﬂmmgApmymg iagin (Ebselwtionitnthe gighed ﬂhaﬂmmpﬂﬁétlfametal

alt an I zer 1 h
B AR s S e Ra b AT onb R o AicS WL 8. Badke
ﬂablﬂhfo@lh@tldAinbiallﬁmmea bond to the etchant treated

SUT T 468 14000 AROLLEALL OB e ABIML 100 BRfnd 00200 orP A on

sleeidrnpd &ﬁ:tme:alfseddml Bltyelt cﬁitbebthénm&stotthfaltltegatysaad dhmability of a
t her nppl ast i % g 41 onddn Sy face o él%%
sromer epres Thgmrelregebies ftfer prod tof Hisrdiige Shodie
Sl fGHTAOS g adSidive philcess asthaditianelicdubinicsivé process commonly
st ai nl ess steel |ncI e.corrosive acids, such as
598 GoF TS locie ORI HeoT i Forier SRS
hydrochl oric acid. The second side of the
thernDpIastlc metal |am nate nmay al so be etchant

it may be bonded to a second net al

foil.p aﬁalﬁ&p%trb&lf&ﬁ{g tRPRE 8RR oYDIRRC 3 PBKnite 5tk tRe&ichants
t he use of hi gh tenperature | am nating press to form

dis¢logeil hetein ormb@ pyedito foamviagous feateras te dielestrig filgs| yner
mel t eﬂleftgfffme}?llgﬂ ggﬁgﬁp&f &@ﬁﬂﬁm@l rééléﬁsnﬁlﬁﬁﬁpo%t%@ fhadd, ‘&irl)ug?i%les and

a copper atri-layer material can be usef ul
piber ditceit feohuesis pherfémdyplq@a@quappwrp@amquoﬂpn&e@he polymeric

%P eselrrll SA 1% ZJﬁjg‘{o c?éssfu%gt er ﬁOQa e@g aa'ﬁ@%ug gﬁ;’ées‘gfb'levﬁlotoreswt

suspe | on ass ativ econd
01f a mhml ik Pomeabe ching priceds dre phatoeesishigrhiuts gelstratially no

t ed urf table for
?elﬁ’lig 7 &gﬁ%%al%lo’éu e dle?gﬁf ?;%t i on process may
i ncl ud egaaiveﬂtdt@bsﬁﬁs smialpie Sortusowith dieleatria Githmsl wosimg tothegfresent

a seed | r e .augnment ed, Wi.t h tal..
fupiiee i e dins anEc e iy Rt s Cppiicons suh
USThBG Bichiéd @IS SParaNal 3,969&982{1@,448 06, a;senesas ahdB,526,504. Such

L Ses g L S By R TR @dgggcggssl Al ART03%80

bh&bARRtA S olindieE Bicallyied af @m&ﬁm&l&d& @pwlymn odimethyl
aqueous sol ution conprisjng. fro out 30wt %

ke, gy kasuilatas i aﬂ’@aﬁ’ﬂﬂ’ F o StRRe ¢ e{cd'mLydnde
okt ARWIA @E 1ike. tﬁos@ﬁﬂdabl@ GhdnBmBYs @y BR ndiltiREyadreLkuch as

t hermopl asticnetal |am nate substrate. Applying a tin
@irpgthylel niepapp triagriaie et ched t her nopl ast i c- met al

| am nat &S Hisl g%lﬁbfe%lqh% HadBYe. @ é%ﬁiuh?&kﬂ&ﬁht@ ldbyelopable,

sol ution provi des t he net al - seeded
negative acting photoresists employed according to the present invention include

polymethyl-methacrylates photoresist materials such as those available under the trade
designation RISTON from E.L duPont de Nemours and Co., e.g., RISTON 4720. Other
useful examples include AP850 available from LeaRonal, Inc., Freeport, NY, and
PHOTEC HU350 available from Hitachi Chemical Co. Ltd. Dry film photoresist
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t hernopl astic-netal |am nate. Bond inprovenent between
the thernoplastic-netal |am nate and support netal on

wWor@5583es and the netal seeded | ayer on the otPEr/USZOS001340

to the integrity and durability of a conposite
structure. The netal -seeded | ayer further provides the

c%%}&)g%rl (%slu\(lger(%ﬁe tp;[deﬁ]a AQP{ CMER a@@iﬁﬁ&ﬁl@ﬁoﬁ{%&%eﬂﬂld

process er he subtractive process
Wartﬁmury ycTu Fhate ﬁmrse‘feml eIiey OéA@&A MER nhptozesintiinelidiag the "SE"

t
s e R S P B, B G 0 R Eidplead iRl 08 RO QiR e
di el aet I‘dieﬁ)ecn‘ﬁ:l ﬂ/lmmf tid ﬂommdmmtad lainaste s1ap bs ch@meedlywmhecﬂ at

can be e
SRS i BB B BBL MR DRt b5 g s
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empinesimatarée Biopraseesiaiere it we erndustiod oh Py RNtre) Hifgrale circuits.

negaty;¥e 2265 MbstrA0B0MSd F@Yxf’aﬂﬁ?@kﬂn@ plt&f@%&%ﬁbﬂ Eﬁémbly of the
conposrtions such as those disclosed in Pat

Beskabinggion 3th48a gogrs agncd pubstate 24 qvinchss é’Pé}@Hy Staileps st
f&h%l&%ﬁiﬁh ?Stléming E@bﬁgf digashic ﬁat@l%mﬁ? fo f3Bh hildtinate web

I'nc udlng CTOSS e nononers and a phot0|n|t|ator
ok St gy urslewiriared b oreta Fat b Yoiisl apepdhesive or by
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ARS 5N ?éﬂ@bélﬂélihﬁanf dieHahisORBOM alitable fer. the fypeepdislectrit\Myeraipglied
to the metal foil, as taught above. The process can provide uniform etching depths in the
cross-web and down-web directions. The laminate web is then placed into a sputter
chamber where a thin conductive layer is applied to the dielectric surface. The thickness of
the sputtered layer is typically about 10 nm to about 200 nm. Typical materials used for
this process include, but are not limited to Ni, Cr, and a Ni/Co/Cu metal alloy available
under the trade name MONEL from Special Metals Corporation, New Hartford, NY, or
other materials with high melting points which are suitable for application by sputtering.
The web is then placed in a plating bath to build up the conductive layer to a total

thickness of about 1 um to about 5 pm to make it more robust for handling in subsequent
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PHOTEC HU350 avail able from H tachi Chem cal Co. Ltd.
Dry fil m photoresistconpositions under the tradenane

WO\CYIA084685 ar e avai | abl e from MacDerrni d, WAt er BCF/yS$2085001340
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mb%@glsﬁ lgxer 233 and the reapmmmfm@s pggh%l@rglg é&e}%ﬁg apd Zkdeare
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nmt nm’ T |ca materi al s used
ftioin layer of circuit traces 220 are etched away to leave conductive circuit traces 220, as

illustrated in Fig. 2i.

The next steps involve creating features in thinned dielectric layer 212°. Initially,
photoresist is applied to both sides of the existing structure. Phototools are aligned to the

metal patterns on each side of the laminate structure and both layers of photoresist are
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this process include, but are not limted to Ni, Cr,
and a Ni/Co/Cu netal alloy avail able under the trade

Wm2a098/0846B&EL fr om Speci al Metal s Corporation, Ne@I/US2005/001340

Hartford, NY, or other materials with high nmelting
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Substrate 210 nm

be protected by phot Si
i || usfaupoBgPIPees glg photoresigi§ gteapinpiy éYerg‘Pthp‘i‘%ts %%Qﬁ)é‘?ate
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Wil trSco éﬁé? fla}Jéﬁ)(él Smabb § &6 MRS | ],uﬂ tﬁ:lbﬁ 29, the

portion ayer 210 exposed by the pattern of
phot ofkssthigkndsagEthe pllcgmgslgt is from about 10 pm to about 50 um. Upon

imagewise exposure of both sides of the photoresist to ultraviolet light or the like, through

a mask, the exposed portions of the photoresist become insoluble by crosslinking. The
resist is then developed, by removal of unexposed polymer with a dilute aqueous solution,

e.g., a 0.5-1.5% sodium carbonate solution, until desired patterns are obtained on both
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etched down to thinned dielectric |ayer 212'. If the
nmetal |ayer is stainless steel, suitable etchants may

WO pb0sBsss erri c chloride and cupric chloride. A¢ENS2085001340

illustrated in Fig. 2h, photoresist |ayer 222 and the

remai ning portions of photoresist layers 216 and 218
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eted ead gi nbal assenbly for a hard di sk drive.
requlred to introduce conductive pathways through the circuit film. The step of
introducing standard voids in a printed circuit typically occurs about mid-way through the
circuit manufacturing process. It is convenient to complete film etching in approximately
the same time frame by including one step for etching all the way through the substrate

and a second etching step for etching recessed regions of controlled depth. This may be

16



10

15

20

25

A simlar process is the manufacture of flexible
circuits conprising the step of etching, which may be

wa@e@d/os3sTonj uncti on with various known pre- etedi/ngoase1340

postetching procedures. The sequence of such
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devel oped with a dilute aqueous solution until desired
patterns are obtained on both sides of the | am nate.

wab@sogdeper | ayer is then etched to obtain cirkCi/u§3005/001340

and portions of the polyneric |ayer thus becone
exposed. An additional |ayer of agueous photoresist is
then | am nated over the ?#@ﬁgPtggist on the copper
side and crosslinked by ood exposure to a radiation
Exum gesln 4order to protect exposed polyneric film
g@g ace (on the copper side) fromfurther etching.
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filmetching in approximately the sane tine frane by

i ncluding one step for etching all the way through the
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crosslinked photoresist is stripped as before, and the
resulting circuit, including selectively thinned

WO e@so8®s85i s rinsed cl ean. The process steps deCT/US1MOS001340

above may be conducted as a batch process using

i ndi vi dual steps or in automated fashi on using

equi pent desi gned to transgpgfl; @ web nmaterial through
t he process sequence fron1a“§uppl roII to a w nd-up
roll, which coII= ; ‘t :

H ” “ Aort ot 1 Anc
TLIWE bCI bl I V. L III Illcu I OT1 dlTU=T1 LILLY 1Ol
of controll ad dep)f'h in the polyner |fil mEX utorr$ Bx.4 |

procé&dsi ng yses aAweb handl i By devijce that has

a
\lnri oty nf Atiana fAr lannl v p ! no

and Eg%%’%tl opFInSUE) v g?e? ;ITcggl ngs:ww y%l I a?

et Tdmpeenn@Bd [pl atymrg the netghia c parts gywd et ciing JPe |

nnl\/m;r fil of the st ting_netal to polvner

| akinsapecd EtlchPhgn/sint i onsticménigde [a HiReBdminf | sp7sem/min

I AR et N | S that eticha the oy
mé%?ﬁsﬁdﬁ thogzzegplgrts of?@gﬂy not W%Pglgect q=d ?/yl Sin

I
o T TS BEARE Eoad of ARl EPh oM LA R cRY BEHEL Sor
Exmplel ER'4 asap krdnatoofestaddess sindian@;‘ﬁo pmoABKSAL HPNF film was
e nd.th t|o I )
B WL SR OB o 6 R vl S hetso e i experienced
putibtiae efsbont 1.6 appeaes. \iIﬂi‘e hesglmlng matelria] ha!dran iverked thickiiess
subseque ol der,i n i ke, a
FURTRASG L 67 RS FaR R RS N i it o E Apption of he
Boghekest tie ongtndvmema |}H>NP fihewdsr.65 |Eh kﬁﬁv&ﬂ%ﬂhg tgt: eRhiflg
m 25mm

Bl AC film.- ui d

PP 68 s Tt e B Saadte B Ui rimel oty nieen,
dapBdtsof tAPliGMedHiNnate vJeb.I m (50 micron film is
produced by Kaneka Corporation, Osu, Japan Etchant

Conpositions AA. 33 w % pot assi um hydroxi de + 19 wt %

ek Rapel 89130 doﬁ&(r%% ﬂfxﬂ@@b&ed water. BB. 45 wt %

pot aSFSolr lflhrps se¥1e£ 8%( elxarenpites different etclelanlt (s)cl;]llltﬁcﬁg wvc\g; fsred to etch different
types of polycarbonate films. The aqueous processible photoresists are laminated over
both sides of a substrate having a polymeric film side using standard laminating
techniques. Upon imagewise exposure of both sides of the photoresist to ultraviolet light
or the like, through a mask, the exposed portions of the photoresist become insoluble by
crosslinking. The resist is then developed, by removal of unexposed polymer with a dilute
aqueous solution, e.g., a 0.5-1.5% sodium carbonate solution, until desired patterns are
obtained on both sides of the laminate.

For Examples 5, 7-9 and C1, the films were subjected to two-sided etching. In
other words, no coatings or resists were applied to either side of the film, so that both sides
were exposed to the etchant. To determine etching speed determination, a small film
sample (about 1cm x about 1cm) was cut and immersed in an etchant solution. This
resulted in the sample film being etched on both sides. Etching speed (for two one sides)

was then determined by dividing in half the reduced thickness over by the etching time.
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CC. 35 wt % pot assi um hydr oxi de + 15 wt % et hanol am ne
+50 wt % de-ioni zed water. Photoresist Adry film

w@bwsos®ss st was used for selective | ocation oPCT/E§005601340

for controlled etching. The photoresist material is
avai l able from MacDerm d Inc. of Waterbury, CT under
pr od 6 3481 18R Acridgd
pr ov %ég Q%g g 6htc]§1§%hﬁg.?er65m*}1 1 qui o or yst %ITJ% %\%ﬁéaqueous
pnobmlbhdahﬁtbmmspod/a}ﬂmmaefﬂ pyerrbetbmides ef th@pd}’@dbqpa’erﬁlm materials.
@%ﬁrz LiY€ f t{:ner %gnspwgst}gp%-&ngse@ Llrrcﬂ(thé btﬂglj ag e éosg.d under a patterned
hoest fonomer can "'ed"using
maskv élmelempmbd mmmsaif eld: rélqtsvrqsmebﬁcam@mscpinbld bgicrogslinking. The
|b| cirecuit eX|bI cir
fﬁs](gé AeB%:lSp:e re‘{“ﬂ‘éa %{‘ t ?xgo <ri] 80 é/mtelégltﬁﬁ. dflﬁtg aqueous 0.5-
t.atd sadiver carlﬁmmayelduau treﬁ;[mlhg ﬁ)ai Ibo)lfycﬁrbbnam fitm elithedolid layer of
e e

Bt 9 5 RO B earei plean op e S oA mps for ctching

ﬁlﬁ%e Sﬁg ef mag%g/e ehavnédg?/m teldw inTablei3c R%Eiﬁﬁglé-lﬁﬂe eWhiig, e.g., when
redyced to oto 00 eorl na
ERHOERRESIde i hptoses); {ﬁ ehingpe w@ﬁ&%%ﬂw PRSP A

Whesiddtbiiad.  FBi pylyoamonmt hpsk m‘th Items Rﬁl@ $1B bf 1he Y&k 20/l thick)
can _be very precise. For exanple . 4 was a | anm nate

Hes Qeodraxpesed figytand thy ﬁ@esadwmmndwaﬁlﬁ gnghthgacleveloped.
qﬁtl?&@l‘dné"éx&w@nﬁeﬂ?v&)@fe cHertéPoueh 6 hedker, t\f@thf)ﬁc!;ﬁﬁﬁlgl ﬁs?n% a water bath

over a i ckness. The fil mexperienced a
atf853(p Buless Ep&ifidafy peigd othh@mee Jilp efchigs ratlés ﬂoapolmwb%ﬁte films

& %ﬁ@ ift K“Qlﬁ§§ r lé&'hhrﬁ Rofy os%ﬁm@g’re glhl“ Ble 3 as the ratio of
. andar

st and laiegew atiron o evi ati on
BOH heolrubxlugcm{etbanbﬁmm%mm thgbalatice pPhEopmpiRifonflieingiwedes unless

e N T R R R
sudichtge en qstdmyhmmmsmbn phéSWti%hbskhed, 2th1%1 af ethawlamine, and the
rem%rﬂ%fere 2 ter d élgsquglﬂ? ! vag” El)l(‘ u “? correfpotnd tto %he \Rlelpzcéarbonate

ies of exanp er ent ant I Ons
ﬁhm:ideﬁlgnz&ed::ts mﬂfré@hém Talyqo@selow pol ycar bonate fil ns.

The aqueous processible phgrj[t {sef;' sts are lam nated
over both sides of a syhst ying a polyneric film
si de using standard | & I ques. Upon

| MgemMaidiRXPosurl e Chtmial énspodRBnOf T haripot orlesAedilabR from
ul tr gad@hsihel i ghtl or the |ike, througimisky®sk, the
AGXPOSedpRAN ons [oT T REypidngteeS! S DeEoNk, | NSO! UGSEePlastics
by T2F DD 112 (Smooth/matte finish) (Pittsfield Ma)
A2 LEXAN Polycarbonate 260 um GE Plastics
T2FEDD 112 (Smooth/matte finish)
B LEXAN Polycarbonate 254 um GE Plastics
T2F OQ 112 (optically clear)
C LEXAN Polycarbonate with flame 128 um GE Plastics
FR83 116 retardant
D XYLEX PC and aliphatic 125 pm GE Plastics
D7010MC polyester blends
E XYLEX PC and aliphatic 165 um GE Plastics
D5010MC polyester blends
F XYLEX PC and aliphatic 164 um GE Plastics
D56 polyester blends
G LEXAN Polycarbonate 265 um GE Plastics
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Tabl e 2 Pol ycarbonate Filns* Etch tenperature was
about 920C. Titration results showed an act ual

W@ 200se8868Hat i onof 41.8 wt UKOH and 20. 9 wt % et hamOl/HRI00F001340

It will be appreciated by those of skill in the art
that, in light of the present disclosure, changes nmay
be made to the enbodi nents di@ggipsed herein w thout
departing fromthe spirit and scope of the present
Whatanelpiored@:ai ns What is clained is: 1. An article
ONPri.s re assenbly of a hard disk drive
gonprpllns%rﬁ%eggmn&‘ﬁﬁsubst rate and a dielectric film
att acafﬂ;duteolss;embclt' ofethakd dishdrivegpmprigng dmgiabsubstrate endd | m

ng f 1 gttacpgcp ysgﬁ gﬁls&% Eratg b Qﬂ@l&lﬁ?c ﬁﬁrpé{{i’n rls%ng’a pg}?rgler

t
izced ﬁrohgtgagﬁmp cmtsesneg of mzdiymh?dl;:s éiqglrd%/;ystﬁl bollymetsa&ldb een
h t t
SRR R OE PG S SRR R L A

gbotd 20l jem &omundirigihat thickhess 0f dbabied5qinm ot greateln eI ect ric
filmis a polyimde having a carboxylic ester
structural units in the pol yner backbone. 3. An
Aarti ceardiele @bddirdiflg tod14imai whelsi e dictectrivefileli ieb @olyiride having a
filmijs attached tq th rretal su strate by an adhesive
pasgaylic epter suctprp] wits e BPRIMALPAEP®Fai m 1wherei n t he
dielectric filmis a liquid crystal polyner attached
to the netal substrate w thout an_ adhesjve |ayer, 5
An ardn #figlegecasdiag e loyhaeh hiadislestye Hlpts aﬁﬁi%%iorth%metal
;dbgtfgt@@}salpgﬁgm@glgp&d to a thickness of |ess than about
. An article according to claim1 further

conpr|5|ng a patterned conductive |ayer on the

gdiele }CE{IS Eultlgle a@é’o%m o 14 1B hdr&Gh %e%&&w flich & @ liﬁ{lﬁ'c@s‘gal
|ncIu eas% one unsupported cantil evered | ead
Bolymenmﬂ@d tccthnm‘t% suhyirpe oithelitay adhegiwe Myes ubst r at e,

5. An article according to claim 1 wherein the dielectric film has been etched to a

thickness of less than about 10 um.

6. An article according to claim 1 further comprising a patterned conductive layer on

the dielectric layer.

7. An article according to claim 1 including at least one unsupported cantilevered
lead.
8. A method comprising

providing a metal substrate,
attaching a dielectric film to said metal substrate, said dielectric film comprising a
polymer selected from the group consisting of polyimides, liquid crystal polymers, and

polycarbonates, said film having a thickness of about 25 pum or greater,
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attaching a dielectric filmto said netal substrate,
said dielectric filmconprising a polyner sel ected

WO e@10838€5 gr oup consi sting of polyimdes, |iquPdr/us2005/001340

crystal polyners, and pol ycarbonates, said film having
a thickness of about 25 nmor greater,etching said
di el ' out 20
. GebE B e e B P e
dielectric f|In1|s a polyimnde having a carboxyllc
gster, struct ural [
ot el 5'lsih 8 sigfpe YERERTREAGH fotybilae ving o
chitlorylicsestet ttamhmﬂ ung i the pnmnat baskltpser at e by an ad hesi ve
| ayer. 11. A nmethod according to claim8 wherein the
dielectric filmis a liquid crystal polyner attached
100 t embtbéhccotddsy th @tagm Rivthersint tha diekedirisdilmdss httaghed to 11 metal
nﬁkﬂgdn%@gordH%% to claim10 wherein the dielectric
PPIHHILIFEBTEL'DREd to a thickness of |ess than about
10 mm 13. A nethod according to claim8 wherein the
dlelectrlc fil e d wi t h_an. eqys .sol.ut.i,on
Horpr BPHGY AFOTISio e P E SSpoh By S 4114 BB
SOBRdr afiddhbd t@cﬂdnﬁapyibsmltﬁ/@u& en abestte BHwt . % of a
sol ubi l'i zer dissolved in said solution. 14. A process
according to claim8 wherein said alkali netal salt is
£el ect pdibl %Bo&hlgg QPR 16 YhStet the GieREtriS Fhinbay ol eRXEd!® a
and potassi um hydroxi de. 15. A process according to
@kﬁnﬁﬁngﬁ@h@1ﬁmgﬁﬂbﬂ%olublllzer is an anmine. 16. A

process according to claim8 wherein said solubilizer
i s ethanol am ne. 17. A nethod according to claim38

ifher eb method aeqordingiy alaim Sawherade the dielestricA lmdispished witlearo
aqlﬁgdjus s3idfsn Eo%ﬁ'g%%t 1200C.

about 30wt.% to about 55wt.% of an alkali metal salt; and

about 10wt.% to about 35wt.% of a solubilizer dissolved in said solution.

14. A process according to claim 8 wherein said alkali metal salt is selected from the

group consisting of sodium hydroxide and potassium hydroxide.

15. A process according to claim 8 wherein said solubilizer is an amine.

16. A process according to claim 8 wherein said solubilizer is ethanolamine.

17. A method according to claim 8 wherein the etching is carried out at a temperature
of about 50°C to about 120°C.
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