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filmbase materials for flexi ectroni ¢ packagi ng include polyimde,

pol yestl@€r terephthal ate, randomfiber aram d and pol yvinyl chloride.
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a recent development, a flexible circuit provides connection to the magnetic head carried
20 by the slider of a disk drive suspensipn assembly. This overcomes difficulties of
connecting disk drive circuitry to small magneto-resistive (MR) recording heads.
Commonly used dielectric film base materials for flexible electronic packaging
include polyimide, polyester terephthalate, random-fiber aramid and polyviny! chloride.
Changes in electronic device design create the need for new materials with properties
25 surpassing the electrical performance and processing capabilities of the substrates listed
previously. 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.
30 Polyimide film is a commonly used substrate for flexible circuits that fulfil the

requirements of complex, cutting-edge electronic assemblies. The film has excellent

properties such as thermal stability and low dielectric constant, but represents a limiting
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s Pat ent 975, 312
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processing. Also there is nothing to show successful achievement of device performance
in its intended application.
The development of multiaxial, e.g. biaxial, film processing techniques expanded
the use of liquid crystal polymer film for flexible circuit applications. United States Patent
25 No. 4,975,312 describes a printed wiring board substrate prepared from a multiaxially
oriented thermotropic liquid crystalline polymer film having a tailored coefficient of
thermal expansion in the X-Y direction and a thickness of not more than 100um. Materials
of this type offer several potential advantages over polyimide films as flex circuit
substrates. Such potential advantages led to the use of readily available processing
30 techniques for producing single layer or multilayer circuit structures supported by one or
more layers of a liquid crystal film substrats. A multilayer flexible circuit is a

combination of three or more layers of single or double-sided flexible circuits laminated



30 techni ques for producing single layer or nmultilayer circuit structures
supported by one or nore layers of a liquid crystal filmsubstrate. A
multilayer flexible circuit is a conbination of three or nore | ayers of
single or double-sided flexible circuits lam nated 2 WO 03/ 077622
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under the vigorous attack of etchant compositions described in the published application
(EP 0832918).
Having less solubility than polyimide films, liquid crystal polymer films cannot be

processed effectively using in-line chemical systems and known etchant compositions.

25 There appears to be only limited information referring directly to etchant compositions for
liquid crystal polymers. United States Patents U.S. 5,891,795 and U.S. 5,896,899 describe
a metallization process making reference to liquid crystal polymers among a number of
suitable substrates. The metallization process includes electroless deposition or vacuum
deposition of a seed layer to be augmented with additional metal layers using conventional

30 plating techniques. A function of the seed layer is to provide an adhesive link between the
plated layers and the substrate. However, there is nothing to demonstrate how well the

seed layer adheres to any of the substrates listed by either of the references. Published



suitabl e substrates. The netallization process includes el ectrol ess
deposition or vacuum deposition of a seed |layer to be augnented with
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20 Since some steps of physical drilling and related processes tend to involve
expensive equipment, set apart from the main flex circuit production line, there is a need
for a more cost effective method for producing flexible circuits using liquid crystal
polymer substrates. A further benefit would be the provision of flexible circuits, including
unsupported leads.

25

Summary of the Invention

The present invention provides an aqueous-based chemical solution for
controllable etching of through-holes and other shaped voids in films comprising liquid
30 crystal polymers (LCP) as flexible circuit substrates. LCP films may be etched at rates
exceeding those currently attainable with Kapton polyimide film. This results from

adjusting the composition of the chemical etch solution. The new etchant makes possible



Summary of the Invention The present invention provides an aqueous-based
chem cal solution for controllable etching of through-holes and other
shaped voids in filnms conprising liquid 30 crystal polyners (LCP) as
flexible cir bstrates. LCP filnms may be etched at rates exceeding

t hose curré’%‘fﬁ:ﬁlmgt%?al nabl e with Kapton polyinide film TRCIBEWBs from
adj usting the conposition of the chem cal etch solution. The new et chant
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according to the present invention produced surface-treated films for improved bonding
and flexible circuits including unsupported leads (also known as cantilevered leads) and
vias with angled sidewalls, which cannot be achieved using the previously mentioned
physical methods. Improvement in surface treatment of liquid crystal polymer films and

25 formation of complex circuit structures using chemical etchants according to the present
invention changed the status of liquid crystal polymers from somewhat intractable to
versatile materials for an expanded range of applications. For example, the present
invention provides a process that allows selective plating of metal trace patterns on LCP
film. Using an additive technique, the process requires initial film surface modification

30 with an etchant composition comprising an alkali metal salt and a solubilizer, as described
previously, before the application of material that provides catalytic sites for metal

deposition. Formation of catalytic sites may also be referred to as metal seeding. Further
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35wt % of et hanol am n rovi de an etch crystal 20
pol ynmer subsand doa. 10Wp10ﬁ5w§/° afqtilele)le s@pplied tm)rQ\@detathcmddheld chysfgui d cryst al

pol ymeragsub e?sufbm'alteoﬂfﬂ iRy a ﬁn(ﬁ%o‘l@mh toHhd diched %u"rﬁ dridtal BSI%{érdes the
et al - seede sulbsltrgtlé If(ﬂlogvgx by a i’allaxg) um&l) solution provides the metal-seeded liquid crystal
polymer.
The surface treatment of liquid crystal polymer substrates uses an etchant
.composiﬁon comprising a solution in water of from 35wt.% to 55wt.% of an alkali metal
25 salt, and from 10wt.% to 35wt.% of a solubilizer dissolved in the solution to provide the
etchant composition suitable for etching the liquid crystal polymer at a temperature from
50°C to 120°C.
Liquid crystal polymers may be etched with etchant compositions according to the
present invention to provide a flexible surface treated film having improved bonding to a
30 variety of substrates. Further etchant processing yields a circuit comprising a liquid crystal
polymer film having through-holes and related shaped voids formed therein using an

etchant composition comprising a solution in water of from 35wt.% to 55wt.% of an alkali
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et chant conpRsiniet, eithee by inaserdidnan tieWechant bmﬁmﬁ)ﬁ)ﬁ@detﬂmfgttédhﬂﬁué@f the liquid )
crystal polyner, either | mMersion in the etchant or, using spray-etching
t echni ques. Aquedf¥Ost 62W5'ﬂ¥§°°§g85?°cfﬁ%§fes(eg IBERtiop MY B psed m/@ﬁ'f'?%n may be used
t 0 pr e-1t5r eatsurfdces sfimatezials ssed heremntfarfoming ardmgodite maierial icompristgifing a conposite
mat eri al conpr. Si I ' fl t n reated surface opposite
a second et crgﬁgllﬂg Lpgte%?%{gf %tﬁ{%\é%&%ﬁgosg‘é {r%fg%rﬁ e&F %‘lt F‘e Eczg\i“lu naé:eg q%egagt one acid
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film Interl i ¥l . fd r : ication of a
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a hard i sk dri VeomJdifie structures may be used to form a flexure for a hard disk drive. The

flexure includes a laminate comprising a film of a liquid crystal polymer having a first
etchant treated surface opposite a second etchant treated surface that has at least one
electrically conducting trace thereon. A shaped metal foil having at least one acid treated
surface forms a bond to the first etchant treated surface of the liquid crystal polymer film.

25 The bond forms by application of a force to press the metal foil against the liquid crystal
polymer film at temperatures that cause flow of the liquid crystal polymer film.

The present invention includes a process for forming a composite material by steps
that include providing a liquid crystal polymer film having a first etchant treated surface
opposite a second etchant treated surface. A metal foil having at least one acid treated

30 surface is then placed with the acid treated surface against the first etchant treated surface.
Application of a force presses the metal foil against the film at temperatures that cause

flow of the film to form a bond between the film and the metal foil.
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Characteristics of LCP filnms include electrical i1nsu atIOI’l noi sture

absor pti on |%¥estictlinglatiorsmmigurechiogption festhandd. Wo atfsptumtiem e cesfficient of
20 thermal expansion approaching that of the copper used for plated through holes, and a

dielectric constant not to exceed 3.5 over the functional frequency range of 1kHz to
45GHz.
The development of multiaxially oriented LCP films, while providing a film
substrate for flexible circuits and related devices, was subject to limitations in methods for
25 forming and bonding such flexible circuits. An important limitation was the lack of a
chemical etch method for use with LCP. Without this technique, complex circuit structures
such as unsupported, cantilevered leads or through holes or vias having angled sidewalls
cannot be included in a printed circuit design.
Advancements according to the present invention now provide an aqueous-based
30 chemical solutjon for controllable etching of unsupported leads, through-holes with angled
sidewalls, and other shaped voids in films comprising multiaxially oriented, thermotropic,

liquid crystal polymers as flexible circuit substrates. After processing by chemical etching,



20 thermal expansion approaching that of the copper used for plated through
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filmrequires protection of portions of e po usi ng a mask of
a phot o- cr oFESEHEYANtioa iefydy Beeaiveiaptine, Hﬁ%&ﬂfé’ebﬁbés@@@blmﬂphot or esi st .
During the ebfipbstbnPsue BSthost BRCINLOINU.S Fab No& 36804253 34wk 2Merakiy 10 no
UL tabl e or S SR e e o R e B RN MBS TR coont
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mal ei ¢ anhydri deComubgially availabde aqugeds bdse elgi dodiumCarbemsitd dekeldyable megminger s may be
20 acting photoresists employed according to the present invention include polymethyl-
methacrylates such as RISTON photoresist materials e.g. RISTON 4720 available from
duPont de Nemours and Co. Other useful examples include AP850 available from
LeaRonal Inc. and PHOTEC HU350 available from Hitachi Chemical Co. Ltd. Photoresist
compositions using the tradename AQUAMER are available from Hercules Inc. There are
25 several series of AQUAMER photoresists including the "SF" and "CF" series with SF120,
SF125, and CF2.0 being representative of these materials.
Polyimide films may be etched using solutions of potassium hydroxide alone, as
described in mutually owned United States Patent No. 5,227,008. However, liquid crystal
polymers are unaffected by potassium hydroxide and require highly alkaline aqueous
30 etchant solutions according to the present invention comprising water soluble salts of
alkali metals and ammonia combined with a solubilizer for the LCP film. Suitable water

soluble salts include potassium hydroxide (KOH), sodium hydroxide (NaOH), substituted



mul tiacryl ates such as trinmethylol propane triacrylate. Comrercially
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the congi ti ofire Of a 80 &R Wil ITERKSHféth 96Scstds R2ab (Rodds! TeSKRSL r at e becone
solution is generally at a temperature of 50° C (122° F) to 120° C (248° F) preferably from
70° C (160° F) to 95° C (200° F).
In the past, flexible circuits that include a liquid crystal polymer substrate typically

required a starting material having a metal surface coating on at least one side of a

25 polymer film. Circuit patterns were then developed using a subtractive process to remove
metal from those areas not requiring conductive circuit traces. The subtractive method was
necessary to overcome previous difficulties with the use of vacuum sputtering or vapor
evaporation processes for applying metal to liquid crystal polymers without the use of a
bonding agent.

30 The use of etching solutions according to the present invention facilitates surface
preparation of liquid crystal polymers for deposition and adhesion of metal, either as a

continuous metal coat or preferably in the form of a metal pattern. Surface preparation for

10
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cryst alaopol ysiey. Coppef @ @Rkéllop §31€ 6rScombid@idnSthereSifmag bk Qéokited as described

above. Following the additive process for conductive circuit formation, optional etching of
vias and removal of residual resist material provides a finished circuit structure. In this
process the bond strength of metal to liquid crystal polymer is sufficient without the use of
a tie layer. As an additional benefit, the process limits exposure of the liquid crystal

25 polymer substrate to elevated temperature.

A circuit augmentation process according to the present invention applies
preferably to the manufacture of two-layer flexible circuits formed on surfaces of liquid
crystal polymer films without using bonding adhesive layers. The additive metal process
achieves conductive trace formation using electroless plating of fine pitch structures

30 excluding bussline features.
The present invention allows change in the contour of through holes, vias and blind

vias depending upon the concentration of solubilizer in the etchant and the temperature of

11
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process the ahgladlscsmaﬁg'egtvhh @Ikamiaétalhydlrexxhd ddridetitratioy &i thé etmhwmﬁon sucbuf fi ci ent
wi t hout .t he a er. Bl 0 t rocess
limts chpo Eﬁgv%;he c%rg:e?ma n%? grf”gl %}igqﬂytﬁggm‘?m{h hngECOO?é evat ed

t enper at ur e.sidé-veilichanges fmngzﬁém %ﬁﬁMoﬂﬂﬁnawmfﬁleangi@pﬂhmdet waltieotpr esent

I nvention app%lss'i esum rdﬁpﬁ%ggh Q)r iaEE? Q)Hflﬁ% l?tte%as&é’\ﬁ]g %Mﬁf flexible

circuits forne 1 qU| crysta ynmer I'ms wi t hout using
bondi ng adhéhfpwélﬂolfyefp§ub8¢h@lladﬁﬁliqlve metal process achi eves conductive

trace formation gl Rohub@fdJrOEARNS cikhifld dcbding toftﬁé}ﬁes%tﬁr?v@nt%rc&lﬁﬁdééses 30
excl udi ng bussline features. The present invention allows change in the

cont our!%f tthfr%ewgﬁe%wghwm“asébeaﬁeﬁ i eoMiiRCtion; With VAHPHs KB HLPTErpEhng
concentrati qjastcz-,ftchﬁ@Iptobeduteaemelsmédaeoﬁhams&d@mndyme vhﬁaaea@ﬁwrfertaé 11 WO
03/ 077622 PCT/ U@OS/ 0]6423 et chi g °§O| ut i o g}?] containing | OMm. %
to 15wt . % etMEITBPLARPIFRIPY HRYE@, scquenes 8‘6’@%“% eséﬂ 8S8°%%5 to 35 while
et hanol am ne conaquebnsiroa@ssitdd phbﬁvvﬁsns&’mﬁedarﬁﬁhﬁdd%/enhotltsk&s eftacsabentite sol ut i on
provides a t angl e
al so changesﬂa&ﬁ?%&q}ﬁ q% ﬁ?}an&a\f(’\ﬂh c(?gﬂg (Q‘E:ag%@ee% mgx{r){“o%&ig?ﬁdtﬁgoc\g@]c hant

sol uti o, sulepan afd Kiratay Sorpr oitJhmnhomgsmaead lapwinatingtgehnighesf Typical®Bilte. % KOH t o
55w . % KOH t i jfication
of the angl esjao %Sea c?'ﬂ;egg f‘ﬁlag&r%tﬁmﬁ)%ss:@?b f(?%l’jtisx{ g/ﬂhgé F&e %’ chi ng or
| aser abl atlfm'iﬂllﬂn t‘tﬁé@é‘“ﬂ‘atter cases, the walls of t hr ough hoI es are

substantial ly pairﬁédh@knessTmhermaHifeaatlm&n@s‘mﬁtoesoum 61 infagéwise according to
the present invention conprises ﬁ whi ch may be used

10 th of etc
i n conj unct i BROSKeALRIFiAes O the RBRIRTet "itf F‘Ebghéﬂ"dhc lﬂ)‘f?s roughamask, ¢ é‘? ocedur es.
The seqoencexpdsedpiitions bmeﬂw@&xsnwoxbemmrbleeﬁ ctussliRiag. I'The rdsiaris thbe

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. The copper side of the laminate is then further plated to desired thickness.
Chemical etching of the LCP film then proceeds by placing the laminate in a bath of

25 etchant solution, as previously described, at a temperature of 50° C to 120° C to etch away
portions of the LCP polymer not covered by the crosslinked resist. This exposes certain
areas of the original thin copper layer. The resist is then stripped from both sides of the
laminate in a 2-5% solution of an alkali metal hydroxide at 25° C to 80° C, preferably
from 25° C to 60° C. Subsequently, exposed portions of the original thin copper la.yer are

30 etched using an etchant that does not harm the LCP film, e.g., PERMA-ETCH, available

from Electrochemicals, Inc.
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particul ar application. A typical sequence of steps may be described as

foll ows: Agueous processible photoresists are | am nated over both sides of
a substrate having a polyneric filmside and a copper side (available from
WL. Gore and Assoc. of 15 Japan and Kuraray Corp. of Ja}%ag} usi ng
standard | 3P AEYTHE techni ques. Typically, the substrate BSIESBYaByneri c
filmlayer of from25 mto 125 m wth the copper |ayer being fromlmto
5mthick. The thickness of the photoresist is from25 mto 50 m Upon

i magewi se  exposhiras ayimaspeThcess. B dquspustrrsessitlspheterspigs are minated g9fool et | i ght

or the like boihhs'n’dééim stbstrEe hawﬂgl’hel,cﬁfﬂm%iﬂé‘aﬁc&ﬁcopﬁkfrkid@Iﬁ&ng)fitaﬂdhﬁ phot or esi st
becone i nsol ub] e crossl i nking. The resi st q[Bﬁn g g by renoval
of unexpos edafb’a?tw&ieﬁ Rigvef, The me‘£¥%°°5%3%%§&§°‘§pr&& gy fayer: 5g"‘m t"a12 "1 5%
sodi um car bamak Ritls b tépparlayeting frofte® jurh &hopad thizk. nmwnm:ehimtmd on both

si des of, the e.co id n. further

pl ated o deeé‘P?s (gg’{‘?‘# cskcﬁf-zg umav%ggpﬁ}@gﬁ tﬁ%@%’h‘#’ﬁﬂgh& sugtpy ?’?Slgl?ﬂk{"ﬁen
proceeds by tjn exposadjpdrtiens lofithe reaiste Therimagebathin @Welaﬁd&bﬂ)halﬂUtesmkml on, as
previously %@ﬁ%i%ﬁﬂdes?éd Audr S PESMidth %ag{jth gQ«ﬁ%f g lallgtPateCﬁ\é)co peg ﬁgawa

portions of t not covere e crosslinked fesi Thi s
exposes cer tigthen etd}eéé?sOb@Fn qmqetrpramgpmwspﬁihhpqinpperlawaty@rbecomve resist is
then strippeg Jséd)mnta@&honﬁi lgfeﬁ oquuéoh?phoko?éﬂsﬁ@{h%n iafhirfated overtRQlritkdsRN Of an

al kali net al R oxi de at Cto 80 pr ef er abl from25 Cto 60 C.
Subsequiént | yont é&ﬁb&eéﬂdﬁ)ﬂdﬂ%%@fbytﬂﬁ%d SPPyTedar radiahion oufpEYOrdeRtPer are 30
etched usi ngbrétébt Stpotta pblyibrd filhsaFadd @n thedoPper Kige) o fuitheibtcRing AreaPRVA- ETCH,

avai l abl e [om El ec hem cal s, 03/ 22 PCT US03/ 06423 I n
ol for nat bRt i (ol Br st a9 e peibe Rt caisGreh sﬁegﬁe i nat ed
onto both SI\dlﬂSthOétclantSUlhﬁﬁrf@hﬁmh@\ah mgalanétﬂEalfanHMmdeblazedata copper si de,
using standard | am r

pol ymeric fi ;[:ﬁraau;/reo bqggioe?q%‘d%]e@ﬁmmﬁl tS§r'éla1 ﬁ%% eg °é“r . as§/dee?wg€| ng from
9 mto W0 madilutlbasidivtitiohas prewigishi descgibedien 5 exposed on both s! des to
L 20l b MBS AR ik A,
aqueous sol '(FABS ftapgrautomated bonding) pragesses, micraflex cﬂ?ﬂ‘@.’laﬁé@e(l)‘he bQItVPPtS’PQ!es of the

l'am nat e. fﬁo&m@%aylbaxea to: dda du'ﬁi?ﬂfb 1§efsR8dlphe aemﬁlcgppe wigttdold, ¥m, ogNd
meric t hus becone expose An addit i onal | ayer

portions of thebf'p)#

of aqueous pHEEbIE %eﬂuqngsoﬂdﬁa?s Rfafr?f"ﬁastaéﬂtb&\)lé"rastfﬁ’é‘"t’q fogyelighlededice 10 on the
copper ® de iaRreosdettionl i nked by fl ood exposure to a radiation source in
order to

—

Improvement in bonding to a variety of other substrates occurs by chemical
processing of liquid crystal polymer films according to the present invention. Treatment of
surfaces using etchants described previously provides benefits for higher strength bonding
of multilayer composites that include at least one layer of a liquid crystal polymer.

25 Combining improvements described herein provides particular advantage to structures in
which a metal layer supports a dielectric polymer carrier layer having a circuit pattern
formed on its surface.

The flexure of a head suspension assembiy (HSA) represents a structural element
of a hard disk drive that may be fabricated using a multilayer composite. A flexure, as

30 described in United States Patents U.S. 5,701,218 and U.S. 5,956,212, comprises a layer
of stainless steel for mechanical strength, a polyimide layer for electrical insulation and a

ductile copper layer for electrical transmission. An improved flexure may be obtained
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protect exposed polyneric filmsurface (on the copper side) fromfurther
etching. Areas of the polyneric film(on the filmside) not covered by the
crosslinked resist are then etched wth the etchant solution containing an
al kali metal salt and LCP solubilizer at a tenperature of 70 Cto 120 C,
and the phdYQP¥E7@2s are then stripped fromboth sides wPEHUSEHR3 | ut e
basi c solution, as previously described. To create finished products such
as flexible circuits, interconnect bonding tape for "TAB" (tape autonmated
bondi ng) pr owiess bapid orystal pelymsr lesier instpadof the pelyimide layet &hich bpsnepret onal

processing et i aedls m,@&%c%siahphﬁslﬂaaymao%@nelse}eepla&ﬁ)as of copper
with gold, tin, or nickel fo subsequent sol deri ? procedur es and the like

as required for F‘é’?af‘taﬁS’P’é"’ﬂ'é‘\?‘F %090819@%?‘&%%%‘@??‘6‘ acilftage FORSBIGEAR ©fi N bondi ng
to a v?rl elt )ﬁnedhegt,él:eée ffe!:dvhs'irf"ESAB(EI’rdESSilt]bb&lsiaﬁ(Aﬁ‘d&ﬁﬁlyﬁa?}ipllcaﬂbﬂ()&?iﬁdlﬂlg of i ?w d
crystal _pol yner ccor to the reat pent o

surf ace usﬁﬁ'gjtale‘f"m E"ﬁglé'i:ets q%é&""ﬁ?%’mlgﬂgrl p?}?" ‘¥ecfé‘ °‘b"éﬂ%‘fﬂ?e‘t"§e or hi gher
strengt h borfolitivg adh@iwdib&e’fsl tbqujred m(mﬂqmﬂémmomslﬁaﬁnon rithle meke flesturd seractireone | ayer
of a liquid cryst I ni,ng i DR PV ri.hed.herein
provi des parr c{“ceﬁ' Im%reng)ﬁJ rr;?%noetgg ruc(‘:at]a | ﬁ&)togﬁ egﬁlﬁtggu?ré%ﬁinbﬁ' g;llser
supports a ciselpessivleiteprpdicy meedebrer ﬂequrelsayrmfe Heringyittna mﬂm@sjietcorpiatil!&r n

formed on ito?aﬁfg\f Cag F&gﬁeﬁluﬁi‘wnﬁ?ﬁﬁ Efg hfgec ;ea%gﬁ@ﬂhm est'ﬁ@ aé (HSA)

repr esents a st enent rive t
fabricdfed Sistabpolymer purfapey anbicstinpst] eedingnaqeprding tethe arsseneovea@@bfor bed in

U][“ t?d S][ at %mfﬁ&lﬁﬂ%ﬁcth’eaﬁyc&xdﬁ&ﬂvr%?ll@'&gceﬂh&eoﬁ 956, 2é2 lcormr:cses a layer
of stainless steel far ani cal stren i m de | ayer faor
el ectrical insul QfWHO%ﬂ%}PE atign, W 90@38 Spegests %1{})‘@1"}/‘?%%’*‘1 Bplymtr disk grive

t ransni ssi onuspéuionAReRAYIPdnd 4 ﬁ&b&&fofﬁﬁ@hﬂ@&h@bﬁﬂme ahsdrblY\Edrkbdisdd 47622

PCTI US03/ 06423 .usi id.cr a st ea of the

Dol yi i de 1 e, A Rpded af el oon B eTRer. a8 Eivtectit a1
const ant, diplympanatenal diggisalbetwren, irintmate eonpictokith,ignd aEhardsdatutheeupppmsi tions

according tq U Pﬁ c&rdgcﬁ%g ay%rg%?élflpgQ%E%’éhérﬁltdﬁ&%mg&s&%rﬁ%ﬁg }‘o%at%}n,i usfip

adhesi ve- free exur e i ons.
liquid 5 crydtestkd M-Ibf;dmﬂs,fthdrmsmepYidﬁnerthatlaead!mvpeﬁme; ﬁma-llaybrayfemat@ﬁaSpol yi m de

and obvi at es;gtdigre ﬂﬁ‘é?ﬂyeri)%dl&gmﬂoaegﬁl?g?o?{cﬁndngyﬁglﬁg {h@ﬂg.hﬁ @rgstfl%o Efgpt flexure
construction. The new flexure structure reduces teria age to no nore
than t hree |'ajnsh andsghraete botdha staitessptech anskcoprendloy ail, dg poticenveyy| so possible to

produceoa t hhfRAndisy&fithe dtrexdi 6f bohd faehdfbR whdndkd g c¥dstalpyrid B8RS iThie
consi sting

previous description also includes no evidence to show effective performance in disk drive
suspension assemblies.
Preparation of flexures according to the present invention reveals the need for
material conditioning that was not previously disclosed. The formation of a bonded
25 laminate structure, during softening or melting of an intervening liquid crystal polymer
layer, requires prior treatment of bonding surfaces to prevent delamination. Also there is
evidence to show that successful formation of adhesive-free laminates depends upon the
method used to form a liquid crystal polymer film. Preferably a laminated composite uses
extruded and tentered (biaxially stretched) liquid crystal polymer films rather than melt-
30 blown films. Selection of liquid crystal polymer film may also affect the ability to
manufacture composite films using either a batch process or a continuous roll-to-roll

process
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of aliquid crystal polyner |ayer bonded to a stainless steel layer. In
this case, the liquid 10 crystal polymer surface is subject to netal

seedi ng, according to the present invention, for formation of electrically
conductive petallic traces thereon. International appli cat i on WD 00/ 23987
suggests aW‘?W76625rystal pol ymer disk drive suspension gé‘@?ﬁ'ﬁqw and a

nmet hod for making the sane. The assenbly conprises a support, e.g.
stainless steel, an electrlcally conductive layer, and a dielectric liquid
crystal 15 pol ynBexurgsderiSA| sugprasingdesqmblss pesxiqusly yed lamingted maFitlact with, and

adhered to thh@anStRRidrial Byeeh ihdheitpQReHGS ste,@fdnqsﬂmbomhgmhbm udi ng general

di scussion of |am nate for%t i,on, using ef? g@_l bed ress there is
no evi dence PPhsmide (kD bpndiag gdbesiyengnd coppep(Cyy %?9 a"}‘%ﬁtﬁsﬁ 1 tpg esea{’éiequate
interl ayer b&ﬁdmﬁault&m@eﬁe‘smg Fﬁﬂditdmﬁlb QﬁBfoﬁlﬁtlSﬂdeQphﬂﬂﬁn In thm&o@qudyst al
polymer .film to. nelt .and . &)hnck : t > ertnco(;nss s}e«% and copper

al 1oy f3il, "8 2REF™2GHIRP %ss E)eﬂﬁléelsl 6?sst ength or Bond formation
when t he | i gtehilg cate/ofitizl adkmsivytherls domrshanmlpiasmpctelunm@ fqt@shqr ﬂptwsah al so

i ncl udes no n@éﬁf&i?}f&% g&{ﬁdéﬁb‘?&u%ﬁ ?&%&%’ € Fh@xr rGU1EHN Wifh dd sﬂr'e%iferfl%

suspensi on assenblie Preparation o ures accor e present

i nventi on r dneduse sesidnd adhegive gnghe staigless stee surfasherdilimitationg in frxure flexibiliyt

previously disgly nesIQﬁ‘d 44884 dhP B 1R boﬁdxﬁggmgéﬂvezﬁnehﬁéﬂ fdpddResiler UCL LT €,
during softening or nmelting of an interven quid crystal polyner

| ayer, Pequitpedingipqreqsesithesaptipheavess l%i‘?ﬁmﬂﬁ‘ij’%‘ﬂ’w &Eé%“"ﬁ’&'%?lé\‘iélﬁf

del am nati ontrudr&Q there is evidence to show that successful formation of
adhesi ve-free Ia_F1 nat es derﬁend upon_ t he Gé}god used tdo forma liquid
crystal pol ymer 1iaRigsensinypition gliminatey thenegd fox P'E°é(‘ WL xt ruded and
tent er ed ( bitextedfilmg, ﬁm:emmhedomm:mﬂxdﬁxl}ﬂtaaﬂonphhymhimdgmgw at her than
gﬂ é;: t 3'([)h2| g:\éw rlafylfrlbo?d stiast ﬁ%,[ac asrltg stEu(S: %Iréqulcrg Eltn"ia‘nlaunp Oé t&n?aé/erfts Iﬁxlleng gja%/af‘lcﬁo
processlSor avhichris ¢andth’ ﬂowingt welting in corpactl)weks ﬂle m&emrﬁzhﬁb‘mﬁ@ﬁ of heat

PCT/ US03/ 06 used a

| am nat ed n;kt% dgptefl"%){ﬁ&gﬁdé Q%Ogéﬁn%? g@%gﬁhﬁgg) %?rgﬁ?m: Iﬂﬁgu%ﬁﬁlgﬁi éss st eel
foil (SST), 1’@9\4@%@1%@3 iy prodins yymw@wmqandmmnm@memm ve, and copper

(CQu) foil. hﬁ%ﬂ@é&rﬁ;ﬁ@és ahbl'lfs it Wﬁen@zfnq&ﬁ%d Stéé?'iﬁ'fsnﬁl{eﬁ idzcs‘tﬂurhés?ﬁeél RilPr ocessi ng.
For exanple, the formation of in the yimde 5 uses a plasma

et chi ng pr od@¥iag # fhicknssgef 2opm 1. @“’BH‘F%‘I@P‘?—?Q i3 ﬁlP’aﬂférhq‘E’B cygphrely@st e for the

et chi ngor at esogi (2.0ilREDBIE Befote thikiRktionSheHoAWRY sutfhcadf the StailessssiR] 8écplaé Ng rate

for either the re
or eithe taneapphca?t}ontof a strongly acidic etch composition, while opposite surfaces of the film of

liquid crystal polymer receive a treatment of alkaline etchant. Acidic etches for stainless
steel include corrosive acids such as chromic acid and mixtures of nitric acid and
hydrochloric acid. Alkaline etchants suitable for treating liquid crystal polymers include
25 those previously described containing an alkali metal salt and a substituted amine
solubilizer. After etching, the treated surfaces are cleaned by rinsing with deionized water.
Adjusting the thickness of one or more of the layers may vary the thickness and
flexibility of composite structures according to the present invention. Such adjustment
may be achieved by etchant treatment at selected temperatures and material removal rates,
30 For example, controlled etching may be used to alter the thickness of a film of liquid
crystal polymer that was originally extruded and tentered to a thickness of 25um to 50um.

Treatment occurs at elevated temperature, e.g. 90°C, over a time period of 60 seconds or
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itself or the polyimde beneath the adhesive. Qher problens wth adhesive
interlayers include residual adhesive on the stainless steel surface and
limtations in flexure flexibility due to the firmess and added wei ght of
t he bondi ng_adhesi ve. The need for adhesive 10 bonding increases the cost
and causes WQL¥WI2Rn productivity for conventional flexuP€TUS$FBures. The
present invention elimnates the need for adhesive and provi des surface-
treated films, froml1lOmto 501ltmthick, and foils that form |l am nates

havi ng hi gh marathagredugesifilp drickness teelfgmior lesso hp teduoe ghigknesy dq lassdlpn/légmi re a

m ni mum of  tWOFhaYS TSquRD Saditfon bPa Wppdlajed, stchiag Rbfn Ghshiidyerbmgppef, Mel ting in
contact with the other, duri nq application of heat and pressure to provide
a strongly Dofgaucqesdingiheonteslied eiehipg. Jhicknessadusmghmay psesitheppdptel s a1 qui d
crystal pol ypw&esshot tditimpuoduaeeblilpyocs®) t extrusion and tentering. A preferred
| am nate conpris Al.S |. (Arerican.lron and Steel |nstitute) 302

stai nl eSs st eel ﬁﬁ tsﬂ°%%§/7xﬁ‘é’plﬁsﬁﬁf"8%f?3’§ ’lli’ftm%?ﬁ f?ed‘?ﬁ“fe“ It?]t-i'B‘(Snded to a
filmof a | ithgscepedr yistirventjpo whivhiis e2presseduoleR trthd claitnki ck. Before | am nation

t he bondi ng surface of the stainless steel receives an application of a
strongly acidic etch conposition, while opposite surfaces of the film of
liquid crystal polymer receive a trEatnmental of al kaline etchant. Acidic
etches for stai nEgsgmet §6k coldGHOROTT RRaS dBkhok o Wildwas chromic acid
and m xtures_of nitric acid and hydrochloric acid. Alkaline etchants

sui t abl@ forF”t"VéataiLFé’/WPRfﬂlaﬂ‘"@ngGW“S’Mlawﬁ%ﬂjwé)-25 t hose previously
descri bed confdB NiaNCPABprRL KMlirateRERN Ktk CBRRraBorboMiagah) Ut ed am ne

sol ubi l'i zer._ Af eréf&’?hl n t he trﬁzted syrfaces a}re c| eaned by rinsing
with dei oni 280 QaedCF/co ?[‘ig‘f’]aﬁd"‘? Kuparay (omowatig of Japankyr npre of the |ayers

may vary thepilnfid Cla&Pil@idu kiged (W.Lidore £ AcudRRS bt Jepad).r uct ures according to
the present inventiaogn. Such adjustnment. may be_achi eved by etchant
treat ment atFiEEF e@t&d B pup dudgurargy Gompasebion offare®npval rates. 30 For

exanpl g5 controlled etching may be used to alter the thickness of a film of

liquid crystal p r_that_ was orjginally extrud nd tentered to a

t hi ckness of ZSm%%e rateﬁ'léqéf{dr%ﬁfapwmgwa&teswa&@g’?’g&“‘f’ﬁ?fﬁ%&&f’?}?e, e.g.
90C, over a required pealissalet i imGT a sdetad@pslymer in ibetbMehtG8lubon/ Bilm ARCaE/fWHIB/ 06423
nore that re plmthi ckn o 10mor.less. To .red t hickness to
Tess than 1o8ee donpRRSRERTo O TR lnaRha -l iR ey B EAGTST LS .
3m f | ash | aymrfomfanceoyns eisyally bestssedusing @ cambidg suhemé whergimnt r ol | ed et chi ng.

Thi cknegs adj ust ment nay P§eSa%LfEJ?S'r§et@hipﬁnﬁrlppe%&%ess or continuous
roll-to-roll process. '

3 = Marginal performance or attack of the resist.
5 = Unsatisfactory performance
Etchant Solutions
Table 1 shows the compositions of etchant solutions 1-8 suitable, according to the
25 present invention, for effectively etching liquid crystal polymer films as well as
compositions C1-C6 that generally do not satisfy requirements for liquid crystal film

etching.
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5 The foll owi ng exanples are neant to be illustrative and are not intended
tolimt the scope of the invention which is expressed solely by the
claims. Experinental Experinments were conducted with LCP naterials
described as follows: 10 FilmA - a LCP/copper |amnate (WL. Gore and
Associ at es WP O3YE3). Film B - a LCP/ copper |aninate K- CPCT/USY ARy
Corporation of Japan). FiImC - a LCP/copper |lamnate R-OC ( Kuraray

Cor porati on of Japan).

FllnlD - alLCP film50mthick (WL. Gore and
Associ ates of Japan). Ia chan s - “r aray Corporation

of Japan). 15 The etching rate of liquid crystal polynmers was estinmated by

determning the tine 1
an etchant solution. Fi
circuit features using

Hidhakt&Glutich

resi st coat

ImA was fuft

N1 S SBbMbosaion L Wie0T 3

her ested for et

od TREAM I Hetters of

was visually assessed |\
et chi ng and appear ance.

St ng & rank
Q = Marain

ng sqhemomer el n:

5 Unsati sfactory perf

VAT u
ormante Etc

L n
1an!t° Sol3¥i553—ﬁs Tabl €

conpositions of etchant

sol uBi ons

1- 8 sul tielab/es accor

sel ected pol yner in
chi ng perfornmance of
ution performance
20 1 Sati sfactory
tack of the resist.

1 shows the
ing to the

25

present invention, for cffcca-"ﬂ'y etchinﬂo}‘““id erysgtal polyner filns as
well as conpositions Cl-C6 that g=neral|? é@gﬁot sati|sfy requirenents for
liquid crystal film etchlngs 16 WD OSIQDB&BZEEGWIU803/06423 Table | -

Et chant Sol uti on Conpogt

H |
ILIUII .LU

hrd 1

o
UIIOlIII.

ol uti on Conposition -

W . % YEA*/ UKOH WNater |1 20740/ 40 mé 5374%%0 3 10/25/ 45 4 20/45/35 5
19.3/48.2/32.5 7 20/38/42

8 15/44.7/40.3

C1 21.9/31.2/46.9

C2 33/33/34

C3 15.7/33.7/50.6

C4 17.6/35.6/45.8

Cs 0/40/60

Cé6 0/50/50

*EA = EthanolamineKOH = Potassium Hydroxide

Testing Conditions for Liquid Crystal Polymer Film Solubility in Etchant Solutions

Samples of 50pm (2.0 mil) thick liquid crystal polymer film, lem x 1cm square,

were submerged in etchant solutions contained in an etchant bath. The temperature of the

etchant was maintained at 85°C and the time was recorded for dissolution of film samples

10

in the etchant solutions shown in Table 1. Times exceeding 10 minutes indicate poor

etchant performance. Although some etchant mixtures rapidly dissolved the liquid crystal

polymer samples, they did not perform well when the liquid crystal polymer was coated

with an aqueous developable film resist material (see Table 2 solutions C1-C4).

Testing Conditions for Resist Coated Liquid Crystal Polymer Film

15

Two layers of 50 um thick aqueous resists, available from DuPont under the

tradename RISTONTM 4720, were laminated with heated rubber rolls to a flexible

17



6 10/50/50 7 20/38/42 8 15/44.7/40.3 Cl 21.9/31.2/46.9 (C2 33/33/34 C3
15.7/33.7/50.6 C4 17.6/35.6/45.8 C5 0/40/60 C6 0/50/50 *EA =

Et hanol am neKOH = Pot assi um Hydroxide 5 Testing Conditions for Liquid
Crystal Pol Film Solubility in Etchant Sol utions | es of 50m (2.0
ml) thick ‘ygﬁ{ﬂ%"’zér ystal polynmer film 1lcmx |cm squar eq’pT%@P% 06423ber ged
in etchant solutions contained in an etchant bath. The tenperature of the
etchant was nmi ntained at _85C and the time was recorded for dissolution of
film sanpl eSubstate ﬁ°“tsﬁ'é“gé’cféﬁ’1éfﬂt(2%B‘I‘lh?fl&?sﬁ@ﬁ’ﬁ\ﬂﬁ side apd popgeren theiqthes exceedi ng
10 minutes iThelaGdkate mmien efplosdaanith ubeiviont (mr)m@ht thiolidhQUBBtoReIeR nRbiEsant

m xtures ra ove UId cr sta ol r sampl es,. they did
not perfor mp\z?\%'l s?/de Vflﬂ%e |“i“§§ﬁé’% Yeopdie “BST gfﬁg&“%égg%ﬁft% °t%\ﬂdf’sn a%
aqueous deves opaiblesiréd inmags dSiratityr@bpper wbs thangéatelab e cﬂpmkndﬁdfcﬁres Cl-C4).
Testin Con Eil 15 Two

I ayelr sgof 58Mlh8ﬁ;&)c3 E?‘Ean lﬁggél}gésf (caig'? té‘teg s1'd{;i§§s’ tﬁeﬁ%%@dngp&% nt‘m ﬁtlﬁléfg}r t he
tradenane Rlbsrh@nmwnmgm of e cempasitionslistsd infable 1hEhet teraperatirb f the effhapt t 0 a
flexible LbaMROShtiantsRETIMaAYARAER vl hurRORE Al Of 50 m (2.0

ml) of LCP filmon_one side an opper on am nat e was

t hen exposedesift Vs SHRPEhYith?- &% KQlAt 251G 8510h Thargnditionnfstcbedfdms ¥es mask on

each side andaegssabd e@&dnﬁuetchar{ap&ﬁ%ﬁﬂymumﬁlawdc&aem TaRelbum carbonate on
bot h S|§es to obtain desIl ed inmge o N ,C|tr . copper was then plated on

t he copper side of the Hes  The LCP side was

then etched by di ppeteigni ntjo La® “t'ﬂfr’la(}fnn) h)atuhe@ﬁﬂ)t i mE@h@ne of the
conpositions |i ste((j,) b‘n Tabil .11 Es: be&g qrhgre ol etz et chan bat h was
controlled at 8 DY EaLR fesiBE™ Washe B ewat er, and t he
resist was stri plged viith 2. 5% KOH a6.325C|to 85C The condition of et ched
films was eval uated—o—deterne—etchant—perforapnrece v]—[-h—-l:l— H mA as
recorded in Tablle 2. 2 A 1.6 >0

3 A 4.5 11.0 3

4 A 2.4 55 1

5 A 2.4 - 1

6 A 3.0 6.5 1

7 A - 6.5 1

8 A - 6.0 1

Cl A 4.0 10 5

C2 A 2.7 6.5 3

C3 A 52 10.0 5

C4 A 2.7 9.5 5

CS5 A 26.4 - 5

Cé6 A 24.6 - 5
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10 Table 2 - Solution and Etching Times for FilmA Etchant LCP Tine (mn)
Time (mn) Etchant Solution FilmFiImOnly +Resist Performance 1 A 6.3 8.5
1 2 A 1.6 501 3A4511.03 4A2.4551 5A24- 1 6 A3.06.51
7 A - A-6.01 A A40105 CA276.53 A5 2 10.0 5

c4 A2 7 9V%°§3’°7ﬁﬁzA 26.4 - 5 C6 A24.6 - 5 18 \/\003/07“?651203/06423

PCT/ US03/ 06423 Table 3 - Solution and Etching Tinmes for FilmB Etchant LCP
Ti me (n1n) Etchant Solution FilmFiIlmOnly Performance 2 B 3.2 1 3 B5.5
1 4B5.01 6 B 2 2 1 Table3p Sdgtionagd ErchingTimes for§ilm@ B >35.0 5 C4 B
>30.0 5 C5 B >72.05 5 Table 4 - Solution and Etching Tinmes for FilmC

Etchant LCP | Time (min) Etchant
Solution Film | Film Only Performance
2 B 32 1
3 B 5.5 1
4 B 5.0 1
6 B 22 1
C1 B >35.0 5
C2 B 14.2 5
C3 B >35.0 5
C4 B >30.0 5
Cs B >72.0 5
5 Table 4 - Solution and Etching Times for Film C
Etchant LCP | Time (min) Etchant
Solution Film Film Only Performance
2 C 3.5 1
3 C 5.7 1
4 C 52 1
6 C 23 1
Cl C >35.0 5
C2 C >10.0 5
C3 C >60.0 5
C4 C >30.0 5
C5 C >72.0 5
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Etchant LCP Tine (mn) Etchant Solution FilmFiImOnly Performance 2 C 3.5
1 3C571 4C5.21 6C2.31 C1C>=®.05 CC>2€0.05 C3C=>60.0
5 &4 C>30.05 C5 C>72.05 19 WD 03/077622 PCT/ US03/ 06423 Test Met hods
Qual itative Adhesion Test (ASTM D3359-93) The test nethod (ASTM D3359-93)
requires t REOPEVA®REi on of an X-cut in the film of condudCI{ESOIER appl i ed
to aliquid crystal polynmer substrate. Pressure sensitive tape, 5 applied
over the X-cut, provides a qualitative neasure of netal -to-substrate

adhesi on when renoved fromthe tesflesiMethodn| . After renoval of the test
tape, the netal -to-subst r@;_qﬁtau@q,{ﬁgg,m@mm@ggﬁg%ed using a suitable
scale to indicate release or _retention o sion of Pl ated Met al
to Liquid Cryst afhepest pated BSTM BEHAS reqyesthoormeatiop ot et s ilmy o

conduct or s toPcdnltibéét@IC@plRt td 4 nuai&rﬁrayﬁd]ﬁber SUbRIr;dT Pressuid $8hsNE tapEaS ur ed

usi ng the prog ure 2 Ilned n standard test PC- 650. An

| nst ron?peelamf pysr the ‘é\’a?fq S 3 gualjtapyg racagye %"g%ﬁrforﬁ“mﬂaée agﬁgﬁg’ "used as the
test machi mhe:ﬁ fethovadeftbnbtite tehtmsatdrialsl\ftémédmdl of e t&Stiapea the nEtabp:eauh&tna’gon and
Addi tive I\/Et rlll%ggeqasselszs)ég Asgsa sultal‘btleqslcj;zlalgj to mcMcSahequeggl %’Jg{‘gﬁt nok‘%n]etgf! | m D)

obt ai ned fr3 em ca {Ched Usi ng a
m xture of 45% KOH and 20% et hanol am ne at 85C (185F) for 5-10 seconds.

The nodified filmwas &%%ﬁﬁﬂe@%rﬁﬁ%rﬁd id)Cﬁé?zllgBlEﬁ@rﬁ&?p“ singl 0g 20
stannous chl ori de and™4U 35% rochiorrc aci er er of solution.
After aR i mrer sThsradhasin °b‘?°“ﬁ'p§)ﬁ‘@%?yr?&t:@d%msmé@o‘@ﬁ% opliquid@ystal enper at ur e
the treated pbiylne} f¥@Swas measured using the procedure outlined in standard test method IPC-TM

650. An Instron peel tester, operating at a rate of 1.2cm/minute, was used as the test

machine required by this test method.

1S5 Surface Preparation and Additive Metal Plating
Example 1
Liquid crystal polymer film (Film D) obtained from W.L. Gore and Associates was
chemically etched using a mixture of 45% KOH and 20% ethanolamine at 85°C (185°F)

for 5-10 seconds. The modified film was immersed in a tin(II) solution comprising10g

20 stannous chloride and 40ml 35% hydrochloric acid per liter of solution. After an
immersion time of approximatelyl5 seconds at room temperature the treated film was
washed with deionized water. Immersion of the treated film in a palladium(II) solution,
containing 0.25g paliadium(II) chloride and 2.5ml 35% hydrochloric acid per liter of
solution, for approximately 15 seconds provided a catélyzed film also referred to herein as

25 a metal seeded film. Deionized water was used to rinse the film after immersion in the
palladium(II) solution. The metal seeded film was plated in electroless nickel solution
(UIC Nimuden SX available from Uyemura International Corporation, Ontario, CA) at
85°C. Plating times were 2 to 3 minutes to obtain several different thickness of samples.
The plated thickness depends upon the plating time. There was no delamination with the

30 Qualitative Adhesion tape peel test. In contrast, samples plated without chemical etching,
as described above, showed evidence of metal delamination from the liquid crystal

polymer surface under the conditions of qualitative adhesion testing.
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washed with deionized water. Immersion of the treated filmin a

pal l adiunm(l1) solution, containing 0.25g palladiun(ll) chloride and 2.5n
35% hydrochloric acid per liter of solution, for approximtely 15 seconds
provi ded a catal ¥zed filmalso referred to herein as 25 a netal seeded
film DeionY ter was used to rinse the filmafter i MESPUHIN t he
pal I adi ung| I) soI ution. The netal seeded filmwas plated in electroless

ni ckel solution (U C Ni nuden SX avail able from Uyenura | nternati onal
Corporation, Ontario, CA) at 85C Plating tines were 2 to 3 mnutes to
obtain sevemgimgli§ferent thickness of sarrpl es. The pI ated thi ckness
depends upon the Iatl n%éﬁl ne, There wa L.th the 30

Qualitative Adhe CHFPCEsIREEFARle | vas repeq ‘Eﬁ'ﬁf‘ a‘é‘?m&% B’8’§ Mat ed wi t hout
chem cal et aksighgted asoGT gewﬁlmhedlaalb from Ktﬁd’ﬂ(y\mﬁlpceatiod emapamﬁftermtewl

del t f t id diti

of qual Pt at FanE i aFERe e louRly b PR P R F e el Bl o 2
The process nefal @epasiphan 4 nioked eleapiess mating batmegxhibited metaldo Einy athediorpol ymer fil m
desi gnat ed %@ths ee%&rﬁ% Jn ulnﬁgr ?%%Mdﬁp)ln?otf tﬁeqmeﬁlé l%s?‘Yn ﬁ?ﬁ%ﬁ? S%tndlégﬁﬁe fd Japan.

After netal {9°m surfaces, previo é S between 20
seconds and “Gmogeh%n@éewlang, meacmberbagbggq. shofedenidenes of mstal dalamiratigh ess pl at i ng

bat h exhi bi e HEldld &Rl bém&dlme mermeéomusns%?h@maaeé adeaxounder the
conditions of the tape peel test. In contrast, sanples plated w thout

chemicdl et é‘ﬁ?“i‘ﬂg as descri bed above, showed evidence of netal del am nation
fromthe liquid crystal polynmer surface under the conditions of qualitative
adhesion 10 testi gl Exanpl e 3 A sanple of nickel-plated filmfrom Exanpl e
1 was i mrer $33RE345C for 60 seconds in an el ectrol ess copper plating bath
avail abl e as El\l'rkl(él\sﬁ)l@ﬂm@dl-;ﬂaai filimdrom Hampletl ol emfdvbedlanedC pacat ed. Copper

netal , added thls ocess r oduced by
Exanpl e 1 Ef%r?%‘fsé“ mgfé%sf%pﬁf% E’ﬁg’ avaﬂabl%?/selﬂf@}&%% RMIg:ﬁ%Z%)g??ered net al
coatings to Enthqnn @MIlrycsnpaﬂatedzampp@hgemhmédepbysﬂnsq:wbgs, adhered wdl towickg et chant
sol utions a%gers Qra ehgé?gﬁngggpsent invention. In this case, a liquid

crystal polyner as described in Exanple 1, was inserted into
a bench top sputter coater to coat the filmwth Pd/Au at a current of 10

mA for 25 Example 4
This example shows improved bonding of sputtered metal coatings to liquid crystal

20 polymers previously treated using etchant solutions according to the present invention. In
this case, a liquid crystal polymer film, etched as described in Example 1, was inserted
into a bench top sputter coater to coat the film with Pd/Au at a current of 10 mA for 25
seconds. Prior art information suggests that the resulting metal deposit has a thickness in
the range of 0.04pm to 0.5pum. Following sputter coating, the film was immersed at 45°C

25 for 60 seconds in an electroless copper plating bath available as ENTHONE OMI Cu-872
from Enthone-OMI Incorporated. The plated copper had a resistivity of less than 1.0 chm-
c¢m and was not removed during testing for delamination using the Qualitative Adhesion

adhesive tape peel test.

30 Example C1
Example C1 involved the application of a protective resist to a liquid crystal

polymer film available from W.L. Gore and Associates. Removal of portions of the resist
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seconds. Prior art information suggests that the resulting netal deposit
has a thickness in the range of 0.04mto 0.5m Follow ng sputter coating,
the filmwas i mMmersed at 45C 25 for 60 seconds in an el ectrol ess copper

pl ati ng bath avail able as ENTHONE OM Cu-872 from Ent hone- OM

| ncor por at 80 9342 at ed copper had a resistivity of | es@GTARMPYMIH ohm cm
and was not renoved during testing for del am nation u5| ng the Qualitative
Adhesi on adhesive tape peel test. 30 Exanple C Exanp |nvoI ved t he
appl i cat i on reypaled guagera of ho expoted jsurface of tbplmwirsatabwgveaﬁlm HEB‘F Freseds i | m

avail abl e fy g?nw»lfas cEihLrand uﬁﬁgsmhato% de ey BRYRId fO30REohdsORRer@brohd1e I esi st
51 W0 03/ 0738

2 PCTI US reveal ed ttern of the exposed surface
of the |iquit@atRFsth %1F‘°‘ggﬁ°‘{/ﬁ§‘ wap fIpgrs “@p%@&a“ ¥° isocorona treat ed
;J?]I ng g Pandecbﬁklls(hhd dﬁs\tql Esaieeqaptld mﬂxzfnqﬂe anaaellemflﬂhe uee‘fateelﬁlmhmna trleat rlnént,

e nodifie myes, Loersed in ion roxi mat el y
secondsgand pf’é*‘ﬁ%‘@’(ﬁ*ﬁ?‘“&%@&?ﬁ%@ P4 lg L%néﬁ ch nrq’?r%nrdszlo%"hl%cg) the treated film
ina 5 pal Ihadioqhh(ricla;cid$c11li_n:mof)sm]unon_nrf@rappmmgatelyzsgecpye;ds|pamdgdm tnbl)a] chl ori de and
Z ooomde oy oSO Dl b i G depd filind ine Bt il hmelidn {2RAT OX1 TRI S1Y 25
t he fil m af weltadjumiB) solugpn.j Them¢tal segdad|film wasglated inglertql¢sp popperpplationat | seeded

filmwas pl ahd pigiinShiR&lor QhEBRinGRPRBIucSNambleOSt ditfering Atal thicRiebNg times of 1
to 2 mnutes produced sanples of differing netal thickness 10 dependi ng on

the devi@l opriepsnding ppthe deysiopment dgte-ddbp plated S?PBW@W"&S@G%‘B’HWEY’FY\}W y but poor

adhesi on topbmcihdsfwmh@n @&swwyxﬂarmsww&vmbsarsigaifbmacdnsldah@m ficant
consi dering rocess of coron net al nfﬂélegi ng i s used

a n
a5, Conyen b HaPrasEE AEHorR BreCReL TP ey A 8 BSMETIogH BT b e &
Qual i t at i ve fdfstatingddlyasidosubitateki qui d Crystal Pol ymer Film Exanple
Qualitative Adhesion Test 1 No netal delamnation 2 No netal del am nation
3 No netal delamnation 4 No netal delamnation C Metal del am nation
observdd Exanpl e Table 5 — Qualitative Metal Adhesion to Liquid Crystal Polymer Film

Example Qualitative Adhesion Test
| No metal delamination
2 No metal delamination
3 No metal delamination
4 No metal delamination
Cl1 Metal delamination observed
Example 5
20 Etchant solutions, according to the present invention, facilitate the use of vacuum

sputtering as a process for depositing an adherent metal layer on a liquid crystal polymer
film. Samples of a suitable 50um (2 mil) LCP film, available from W.L. Gore &
Associates, were processed without treatment or treated with etchant solution as indicated
in Table 6. After treatment, each film was placed in a vacuum chamber and an adherent
25 metal deposit was applied using conventional sputtering techniques to apply chromium to

a thickness from 3nm to 20nm. A layer of copper approximately 100nm was sputtered
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20 Etchant solutions, according to the present invention, facilitate the
use of vacuum sputtering as a process for depositing an adherent netal

| ayer on a liquid crystal polymer film Sanples of a suitable 50m (2 m )
LCP film | fromWL. Gore & Associ ates, were processed wi t hout

t r eat ment Sy@ J/@%zgd with etchant solution as indicated SCHUPEHIA6. After
treatnent, each filmwas placed in a vacuum chanber and an adherent 25

nmet al dep03|t was applied using conventional sputterlng techni ques to apply
chr oni um t o o%r theichiemaun of themetalrreded ligadrystahpelyenfilms. Theisplnga ppr oxi mat el y
100nm was s gplititR8 Gins wote MEORART 16 Ortdeadd(Elld dIpibs (HkkAcS to @yﬁimfaféls/ Qo um of

t he netal - seede UId crystal Jesy tin uttered
filnms were el ecdl}df)tbﬁ g BYte 'ﬁqH‘éﬁﬂg’éé%q?‘ﬁJ%?gB“éf m?[ﬁ‘i’ ‘K‘?{%g‘g‘e’?gdg Wroxi mat el y
10gm  Met alcoﬂvemtonqjauutmctm proeeps Kar pdntéicitchieprbfacatin/| Thé®aftee Sdstrorepdebd wer e
enerated u n t I b circuit

gr epar a? | on?esqlﬁsu(ﬂs h f’fegt rr%vea?éhl%{lﬁ% %?fogglgéﬁ?fméta 9 ({uldc}trﬁgal Tabl e 6,
reveal ed si gnlb’mﬂmmswmmﬂﬂwb'mmurfm% toeastnait using ¢henp!9a1cbt@mg§ma13081tlpm yner

adhesi on af tgr. g@ﬁreg%lg ohreatment using chemical etching
conpositions ac or g to the present invention. Table 6 - Effect of
Surface Treatnent on Metal Adhesion 10 Sanple Condition Peel strength N nm
(I'b/in) No treatnent Tlelé ﬁ&e&%ﬁSur@m@aﬁﬁe@BnMAmem&O seconds 0.41
(2.32) __Etchant at 80C for 10.0 seconds 0.4 Z? 36) Etchant at 85C for
10. 0 sé€onds 0. 42 (2.42) Exarrple 6 Exanple 6 is simlar to exanple 5
except for [the useSghpleosmaaivhi onal sputtepdengrengﬂemhﬁmgu,ag to deposit netal
on a novi ng—Hm—syspended—between pai+—of—ros—The—fit+m{ 15 provided
inroll-tojroll forMWEE™RE pefore, | 50m (2. ol O ck 1iquid crystal

pol ymer fillm Beﬁma?lswmgsecaﬁds t he sputterlm(apm)arat us echh rol |l of
filmwas eifth HF eherm-caly e*"hm4 at—506-(420F) at 72

i nches/ mi nyt \Etf}ﬁﬁtaéﬁ%gé&rﬁp;)b*“é’“gg rbcords thdHdédPks for unfreated film
and for twg diEtémahanB5eCabl 19.0akcdndsqul § crystal qud@aey filmchemcally

et ched under—t+he—sare—eongi-t+ons—ina—sequenrce—of—t+reatrents; sputtered 20
chromumwas first applied to each filmto deposit a |layer of netal from
3nm t o 20nmExample 6

J

v
] T

o
A>3

Example 6 is similar to example 5 except for the use of conventional sputtering
techniques to deposit metal on a moving film, suspended between a pair of rolls. The film
15 provided in roll-to-roll form was, as before, 50um (2.0mil) thick liquid crystal polymer
film. Before loading into the sputtering apparatus, each roll of film was either left
untreated or chemically etched at 50°C (120°F) at 72 inches/minute line speed. Table 7
records the results for untreated film and for two different rolls of liquid crystal polymer
film chemically etched under the same conditions. In a sequence of treatments, sputtered
20 chromium was first applied to each film to deposit a layer of metal from 3nm to 20nm
thick. Each liquid crystal polymer film then received a coating of copper having a
thickness from 100nm to 200nm copper. The resulting sputtered films were then treated to
augment the sputtered copper with from 10um to 35um of electroplated copper.
Metal test patterns required by the IPC-TM 650 test method were generated using a
25 conventional subtractive process for printed circuit preparation. Once again, Instron peel
test results, listed in Table 7, revealed significant improvement of metal to liquid crystal

polymer adhesion after polymer surface treatment using chemical etching compositions.
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thick. Each liquid crystal polyner filmthen received a coating of copper
having a thickness from 100nm to 200nm copper. The resulting sputtered
films were then treated to augment the sputtered copper with from 10mto
35m of el ectropl ated copper. Metal test patterns required by the | PC-TM 650
test net hod¥ M ®7’8&nerated using a 25 conventional subt P&Eﬁﬁs@%"sﬁ:’ocess f or
printed circuit preparation. Once again, Instron peel test results, listed
in Table 7, reveal ed significant | rrprovenent of netal to liquid crystal

pol ymer adhesmn af t edalgel yHffect ¢ el r¢atnpes detal Adhesioncheni cal et chi ng
conpositions. 23 WD 03/077622 PCT/ USOS/ 06423 Table 7 - Effect of Surface
Treatment on Metal Adhesion Sanple Condition Copper thickness (m Peel
strength N|nm Semple Gynditign t r ¢ Loppaythickpess (e | ReebstrexateNiamm (b{n) 50C at 72i pm
10 0. 54 (3.1 BiFHa@fhentt 20¢ at 72 35 L. [0 (5- 70.16 (005! I M nary treat ment
by etchantg,_according to the present invention provides 5 igprovenent of
metal to pal Piehant RESHJRAPEsing met a0 i zati oh proc®&@d)i nvol i ng eit her

el ectrol ess gcﬁgrhMOQfatwgﬁ,Hurn deposigsion, €.g. spuflgsrg. AS |descri bed
above, an etch iguid crydtal polyner vl be produced-using either a

bat ch process or a continuous roll- to-roll process. Lam nate Formation

Using Etched Li OpteKinibdry Skathedrey Mﬂlﬁhtsﬁc&diliﬁnglte thd pidtld @erdtion, ge@Mds r uct i ng an

adheswefreec osite ubs rat e mater, al flexures used jnh e.g. TSA
suspenspPon é‘BHPY"g:gPi e E’é’g r adhesipn yping ‘F‘E‘é]?@d‘q’ PRgeRsEes &y @%W&F'ﬂ‘ebm yner
film placed elebiral@nplaig dnnvicburﬁdepahnabn £.9i sputtefing fAe dedoliyedab@diednehedst eel |

fol | oved by gpl ! Cla Y oradueed S iat ei eree}/l%‘ic?ld (;[cgs 1'ear<‘?‘t lqu%u;[ JuPr Oduce a
bonded | ani NP3 &) pr?b'merm DRATATUEST Upig ciffigyARRIcR Progesy Ota contmusueioll s i nat e,
the |iquid do-ydltpadcessol ynmer filmfi rst receives 15 a seed | ayer of netal, as

descri bed aRqy §;at 'Bagng'[ﬁgﬁggin%m%[,%ug%Qig@@gﬁgﬂqﬁ@ nst a nmetal foil
provides a 0 fnterface on one side of the
| i qui d1@rystal @meﬂww@foraw&tmtmew@hesmfm cqmppgite subsiratg maggrigfder.  Thi s

conposi t e hagyged WA G gOTSA GEARLPRHBRcaNR Nscd R btcHall rehle@iglli®Sy@fl hard di sk
drives. Conpared to conventl onal l'am pated structures conposjtes of the

present i nvaabymsniilgyriasediin canach ik a mgtal §°Fé\§°f?fﬁlllléft?‘a?ssftﬁe]h@4)?‘ﬁﬁ‘ YWnly one

interface, Vﬁfgﬂfcﬁﬁ’oi &plrammat aaa{ed keaﬁbﬂaﬁteaspw&eeabﬂdyd 1amﬂatedﬁv.ﬁg)ur mat eri al

interfaces. Reductio r of interfaces i I OCEeSs
ef fici ency S8R§n 58{&; yers napre rr;rtc)iqamlnate, thethquld crystal po% lm ﬁ recegles

15 a seed layer of metal, as described above. The metal seeded film pressed against a metal
foil provides a bonded laminate having a bonded interface on one side of the liquid crystal
polymer and a seeded metal layer on the other. This composite has a number of
advantages when used for flexures of hard disk drives. Compared to conventional
laminated structures composites of the present invention provide an adhesive-free material

20 having only one interface, whereas conventional laminates typically include four material
interfaces. Reduction in the number of interfaces improves process efficiency and product
reliability.

Laminated composites for flexures according to the present invention have
essentially two layers of material bonded together with bond strengths from 0.56N/mm

25 (3.21b/in) to 0.77N/mm (4.41b/in) as measured by standard test method IPC-TM 650 using
an Instron peel tester, operating at a rate of 1.2cm/minute. A composite may be formed
and processed using a roll-to-roll method for cost-effective processing. Reduction in the

number of layers contributes to further reduction in the weight of the composite. Lowering
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reliability. Lam nated conposites for flexures according to the present

I nvention have essentially two |ayers of nmaterial bonded together with
bond strengths from0.56N mMmm 25 (3.21b/in) to 0.77Nrmm (4.4l b/in) as
measured by standard test nmethod | PC-TM 650 using an Instron peel tester,
operating AO%¥V2% of 1.2cmiminute. A conposite may be FE&THSHP0643q
processed using a roll-to-roll nethod for cost-effective processing.
Reduction in the nunber of |ayers contributes to further reduction in the
wei ght of t ithe weighpefdhe comppsitgeidwsgomsuaion offlameshayinpamprosd Jegbilis  t he

wei ght of t gﬁm@' : | W | hdrpr oved
flexibili tyl.%n%o d i}r"r%rﬁgélévkn@\r,}?e @g?%/g%ﬁpédﬁﬁr%du%b Q{yﬁgﬁaﬁﬁgﬁﬁg@and
support net & mwaipl saededdpyseomthe otheraddsiie thy integgityad) dyraBility obheampesitst her adds to
the integrityucans THsmeRi-debdel 149Er fartePPBASdsIR alternitile bEprinted EQUITEL Al - Seeded

| ayer fgrther pr.ovi des t«%ie' alternative o( ngi.gt ed ci %cu't u? formati on using
an addi i ve Igmgtiondising agadditiye progest- gs pradQuslylespriogd, pafhst ththe subiractivd bt r act i ve
process CoMprdtsy catmachly ased fob forining elettacilly cadbdtive aaveslorcdarmice subkteate8s on carri er
substrates. Progessi.n o formco I tes _usedsin nstruct b ng flexures
for hard di sk drroesiadnSnifidBalh ettt noteE BRI IS aly | XE T
Sui t abl e fi Ipmcess afier abtainiva Jiqié crysid) pelymerdfilmsSuitalgje filBI @Erialamay. beGor e and

Associ at es, Igg,yvg ; ' r Rt 1 on,

Rogers, CT. OE@%ﬁd%si 'é§%®ﬁé@§rfﬁgr%%‘§/ﬁ%g’ Ig%ql?%%éﬁ{b%gog?ggﬂvﬁi\nt h al kal i ne

et chant!0contRegers RerparatensBegess CTirRothysies of thefilarmey ooyrdach gertadarithne.  Et chi ng

occurs at t giRfleRtHAR SoltBRiHERY gc%;siﬁrﬁ%%%xié’éﬁd 66% efhdmMmlind Efchih% nmes of 30
0

seconds at | ower tenperatures 0. 10 seconds at ohighe_r ter’rB)era ures in the
range. One SFYE Bfempriatures beteeh 497G HPWvERand 91 GHEPOF} Rntimes iy sscpndsttr e t o

ul travi ol et 16vadl keaipeturedfio BINasAMS AT Bighdr Yenparatlid3 iRl the fillge. DResidld dfithenas i n t he
formof a web I n t 10.5 sec st.an ultraviolet flashlanp.
Exposure to efff’ﬁ)éﬁ?i‘gqsglfﬂhf”a‘fﬁaﬁﬁ %ﬂ‘l’fﬁug‘%{’ élga‘éfﬂle%fﬁ{i? Bﬂghgppéoaqagei)é for added
adhesi as of 20&hHm?aPi filmdvds yn tapfotrh 6f a webahdving at BLher/speeast bulandaléte a t hi n
met al seedi layer to _be au nted b tal_plating.including el ectrol ess
pl ati ng andr}gfhé‘g’ﬁ’/gm?tsﬁ“% ° up]ﬁraé'g)l%ﬁéad'agﬁ' ageg ﬁrg%m(g?hor‘%% aacesnflére%g%fpl ayers all ows
t he choi ce afihesioh hEmetatmpplied by sputiericadting teclniquesrotcedate 2 tlin maet seeding o pr oduce

conductive nakal,uth gtﬁﬁ’g%lg@t‘ilﬁdﬁ%%ﬁﬁﬁdﬂ elgégﬁleké Fiting aftd M&E@l}'ﬁct pol ymer.

Met al augmentation Itive proces s no nore netal than that
required to BAtBBuce conductive metal traces for a given application.

Subt raciyi ve pr oCegsSishef metal seeded layers allows the choice of either metal augmentation or

metal subtraction to produce conductive metal traces on the surface of the liquid crystal

polymer. Metal augmentation by an additive process adds no more metal than that
required to produce conductive metal traces for a given application. Subtractive processing
first requires application of a metal, such as copper, to give a plated layer of uniform

25 thickness. Thereafter, conductive trace formation involves removal of excess copper to
produce a desired circuit pattern.

Metal foil selected by physical characteristics, e.g. stainless steel A.LS.I. 302,

requires a surface etching treatment for optimum bonding to liquid crystal polymer film
during lamination at high temperature and pressure. Etching by foil immersion in a

30 solution of 30%HCV/15%HNQO; was conducted at 49°C (120°F) to 66°C (150°F) for times
from 10 seconds to 60 seconds. Treated surfaces of the stainless steel foil and liquid

crystal polymer film were held against each other in a laminating press used to bond them
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havi
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| ayer of uniform 25 thickness.
i nvol ves renoval
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Thereafter,
of excess copper to
sel ect ed by physi cal
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e.g.

stai nl ess st

to give a plated
conductive trace formation
produce a desired circuit pattern.
characteristics,
Y03/47%3%i res a surface etching treatment for SFFUREMRHEnding to
polymer film during |am nation at high tenperature and

eel

I imersion in a 30 solution of 30%ICUL5%INC3 was
conduct ed atogather ag 3 paymositesompiisiggIEtAmIess geel sypperslaysr bepded tp alig¥ignds to 60

seconds. Tr egkidihoftlet ARERvAL a bédtBedthaldl MyE:S 6r unlfer cohtitglon adulficgui d
in alamnating press used to
t oget her as a conposite
conprising a st anflg&ebdnd Sedngthbp Rvidatel ad¢6rding Contlepredent iAiventiciiwa cryst al

th

crystal

e surface

. seeded netal .l ayer, or uniform coatin
opposi t& th et%‘?‘ﬁ'i“"ﬂ%&@‘éat'é’fﬁég‘fmﬁ Gpmposite ﬁ%/"é‘ilefsziV%q'apB{%'&nag%yr%ﬁ‘g‘?W%%% ani nat es
accordi ng t GerhkEndghesy sefrin @ inckes) KGr6cmvdg3indhes) sTablerdishevs oquditions fari vel y usi ng
conposite s | | 0X] X A X i es) or 5cm
(2 nehes) R TaREd SRR bIRlFbohaig RbiRe BGEdeidhe EEBURIERCD) 1
Tabl e 9 showsstelnelymspfilnnand thecstaanlesgsteebfpili r es surface etching of both the

liquid crystal polyner fil maagd 8t_hﬁm§{amg[p0%§i§m§t eel foil. Table 8 -
Lami nating Conditions Sagpple Tenperature Tine Pressure |1 300C (572F) 30
seconds 2060Kpa SemPepsi) | LTegpgmturs72F) 50 SB€onds R760KPESYr@00psj) L3
315C (600F)—30 secpnds ZQ6UKGRC(FHIUDS] 40 sedotids ( OU J|'20661Qpa3(960j5§1913 2060KPa
(300psi) U5 315C (A00F) |55 secands 2060KPa (300psi)| L6 315C (600F) 45
seconds 2410kPa (B50 psi) B#°S{HER600F) Absesaddnds| 2ZEBKE(4008dpsi) L8
321 C (610K) 30 sgronds 40U6e1a (aog;qum ) B&sedehlic (6[[UIgk0KE 360peinds 2760KPa
(400psi) 10 Table 9 - _Adhesi ' pi-l_lo_uoéy-_d—Crystal
Pol yner Fi l{m L4 315°C (600°F) 45 seconds 2060KPa (300psi)
L5 315°C (600°F) 55 seconds 2060KPa (300psi)
L6 315°C (600°F) 45 seconds 2410KPa (350 psi)
L7 315°C (600°F) 45 seconds 2760KPa (400psi)
L8 321°C (610°F) 30 seconds 2060KPa (300psi)
L9 321°C (610°F) 45 seconds 2760KPa (400psi)
10
Table 9 - Adhesion Of Stainless Steel Foil To Liguid Crystal Polymer Film
LCP Treatment SST Treatment Result
None None Delamination
Alkali Etchant None Delamination
None Acid Etchant Delamination
Alkali Etchant Acid Etchant LCP cohesive failure
Flexure Construction
15 An improved flexure may be produced using a composite, as described above,

having a layer of stainless steel for mechanical strength, and a liquid crystal polymer layer

to provide an electrically insulating carrier for conductive traces formed on the surface of
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LCP Treatnent SST Treatnent Result None None Del am nation Al kali Etchant
None Del am nation None Acid Etchant Del am nation Al kali Etchant Acid

Et chant LCP cohesive failure Flexure Construction 15 An inproved flexure
may be produced using a conposite, as described above, having a | ayer of
stainl ess SYQHY1%¢ nechanical strength, and a |iquid cr PSS ¥8# P ner | ayer
to provide an electrically insulating carrier for conductive traces forned
on the surface of 26 WD 03/077622 PCTI US03/ 06423 the liquid.crystal

pol yner fi | thedigpid grvaipknolyimes fim wsinggithar additiyg plating{rshyiques ag desgribed pbdyed above
or subt ract iV &bRdcBeETSicRihg, Absiefeiref 18 corfvehtiofal FARMRMidaDIMIdgYEidRr Cheni cal

mlling. Either t hod produces th ircuit pattern needed. for

i nt erconnecf‘}eﬁ‘ﬁd B’Prrs eﬁ%@ﬁé‘t“ﬁp?@ﬂ ’?F‘fe\‘? °r(“l\tﬁ5)’°"P§°§8@ Qéai'{‘a@“ﬂ%'éeﬁ'sf“éf a hard disk
drive. As r @JR) reedlwtitechedd tquihatd disk ddivel Apehuired the diquid tystal plymii/carree| ude

t hroughzhol es_angd .rel at voi ds., produced escribed previously. Full
fabricati on™8Y mﬁgld i tZSr(olﬁ’ Flg'g?lgsra"g retla?%lcvg%g ?g%%%?sod%gcgg%%ﬁ%ﬁ%}&? equi res

modi fi cati on ofFullfebrisatinof & fsxustfen tracosuspension assambly nequites mpdifigtiont he net al

to produce g¢ ﬁ@Eéiﬁfe&%@effPﬂ%ﬁg%xfe(ﬁl&tﬁoﬂ%‘?t eln?ei‘alllfognodaﬁé)acfaﬁérh ubritOVi de the

patterned support Is wel \ Invol ves protecting the exposed
surface of thedlexyreiPrcessing4q pravidethe pattgmpdyyrrerighpelbknedndlt invelvasri al . After 10

exposi ng th%;o@éamgﬁﬁ@éépﬁgedE&faeaofitmm;tée@m Winfl 8 YRIGOSE marliMI AR exposes
the netal foil _that will be etched away to reveal the required pattern.
The pr d@ess SxRosiag the phgtorpsist fqanrimagspatiam pdayeloper splption gxposegitheangtalfoihy U, S,

5,145, 553. Adat @l &b&héd@va&hﬁeﬁd}aahﬁeaﬁ&dﬁit@ﬁ[ Thﬁirocfebsﬂxﬁﬁlﬂgra&ﬁl@tr ding to the
present invention.caonprises a | igui [V.S r ving.a circuit
pattern on ﬁsér‘gqu‘égﬁ aséateﬁgf"?’ét}ﬂgé’ §§'§$§n?®§r§%§l“ég{% S?U‘Eeﬁ%?t L& ructure
bonded t o t Hexurdixcarting ko thé-presehtihventidnrcomprists £ quid drgskad golgmérihgudhgla cr yst al

polyIer 1! e g JELIGES o 8l REORER P 4 D eh Ry IBf a0 oo bed

herein. Filmprocessing aceord e1 P "NV
bond bdfweenther.l m substrate and netal and facilitates the preparation of

addi tive conduct iy ki donBRLHEL Aid Akl forbrhdr AN B RlefiSacte! T €l at ed 20
shaped voids forned therein at el evated tehperature using an aqueous
et chant sol wrdcessing surh @ dibm.dpveshepn desqribed bereim Filmprdcessing pecerdingttethehat , in | i ght
of the presgpleins&ltioR Hifoves M8 BEHRADARYn film substrate and metal and facilitates the

preparation of additive conductive circuit patterns having through-holes and related

20 shaped voids formed therein at elevated temperature using an aqueous etchant solution.
Those of skill in the art will appreciate that, in light of the present disclosure, changes may
be made to the embodiments described herein without departing from the spirit and scope

of the present invention.
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be made to the enbodi ments described herein w thout departing fromthe
spirit and scope of the present invention. 25 27 WO 03/077622

PCT/ US03/ 06423 Cains Wat is claimed is: 5 1. A conposite nateri al

conpri sing fi.lmhaving a first etchant treated surface gpposite a second
et chant r‘%‘g?:’é"d%gﬁrface and a metal foil having a thi cREdESF8H 151Lm to
25m said netal foil further having at |east one acid treated surface
having a bond to said first etchant treated surface 10 of said filmto
provi de a bond strength from5.6NNcmto 7. 7NNcm said bond forned by
application of a force from 2060KPa to 2760KPa to press said nmetal foil
against said film at tenperatures in range from 300C to 365C t hat cause
flow of said film 2. The conposite ﬁ::l;f‘t"ésrlal of claim1, wherein said film
conpri ses aWHaqislcﬁmtbﬂysstal 15 poI ymer having a thickness from10mto 50m
3. The gorrpcfsme mat eri al of m 2, wherein said second etchant treated
sur f ace’ has i FHUPROS S, %ﬁ‘af%%f' Pfiereon. 20 4. The conposite naterial of
claim 1, wherein sai dfilmhsingatfoftachant trmetleutfawoﬁpame adexdnd etehadt second
etchant treg %ﬁgdsﬁ}fﬁ aggq are pr oducts of applying an al kaline etchant to
opposing surtfaces of said liquid crystal polynmer film said al kaline

et chant conpri si ng aametbfed bagngthigkiesyframd Hivai tn 2 g, fspid metpdfoil Forther 50wt % of
pot assi um hygsaxi Q@st%ﬂéjacfdrt&meh habifg §§(‘Mdot/8 é%fid ﬁst%@:lhm'trledtéﬁgrface25 5. The

corrp05|te matertal of claiml WhEI’EI n_ said | east one a treated

surfacdlis of Fid fimdeiprovides bond srpetidroans.6h/em tq %B)"@Posa'dsbal“ﬂf%&dd’ycorrprl si ng

an aqueous sgjliditiondfa mtﬁ@mmoum(mmﬂp%me@uafa 1Adtd]1 doiPdpeindagfa Rint 11 C aci d.
30 28 WO 03/077622 PCT/ US03/ 063&(bp A flexure for a hard disk drive, said
i

flexure inc |ahtarinmjaué‘re§ gmrﬂlﬁ? 8'018 te ?ﬁgc that cause flow of said film.

2. The composite material of claim 1, wherein said film comprises a liquid crystal

15 polymer having a thickness from 10um to 50um.

3. The composite material of claim 2, wherein said second etchant treated surface has

a metal-seeded layer thereon,

20 4. The composite material of claim 1, wherein said first etchant treated surface and
said second etchant treated surface are products of applying an alkaline etchant to
opposing surfaces of said liquid crystal polymer film, said alkaline etchant comprising an
aqueous solution containing from 40wt% to 50wt% of potassium hydroxide and from
10wt% to 35wt% of a solubilizer.

25
S, The composite material of claim 1, wherein said at least one acid treated surface is
the product of applying an acid thereto, said acid comprising an aqueous solution
containing 30% hydrochloric acid and 15% nitric acid.

30
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afilmof a liquid crystal polynmer, said filmhaving a first etchant
treated surface opposite a second etchant treated surface having at |east
one electrically conducting trace thereon; and 5 a shaped netal foil

havi ng a thiézkness from15mto 25m said shaped netal foil further having
at | east onNE? %Y ¥%eated surface having a bond to said FCFESIMERant
treated surface of said liquid crystal polyner film said bond fornmed by

application of a force from 2060KPa to 2760KPa to press said netal foil
agai nst sai @ | i gliflexuse fps e bard diglodrpgespidffiexure weludiagplapinatgcemprisings r ange from

300C t0 365C that Cay$in bt OUauRf crsiil folyrher] daid i ningSH ke RA WBiied 1| M 7. The
flexure of claim6, wherein said first etchant treated surface and said

second et clidtace prRgsiteadecond pishaat terated Birfaeq hayine frleastne slesigcally al kal i ne
etchant to epRRsingtratdrhdreshgsndof said liquid crystal polyner film said

al kal i ne etchant conprj si agueous, .sol uti on 15 cont ai ni from40wm % to
50wt % og pot assi um hﬁ&b@ﬁ?@g"%&ﬂ@ﬂﬂfv}“g&%1%5%%?8%%%[‘%/?%“’ ﬁa‘& %‘gﬁ’e&bi li zer. 8.
The fl exur e nefal &ilfumthebhaviiget leasnoreakid tredted secfse havigg aatondi tatseddre étckant f ace i s

t he product f ien - Tod i i hi S n aqueous
sol ution corﬁeéfdnsl%gtgée}o/p&%q %@%@%%(‘:h@%&tﬁnéé ?@lbgl}\ ﬁ%%%g??prl 1{:@0@%{% 9. A
process for féros frim0@KED MPTEVKRa torpressisiid metablop pgadishigid lineidsrysiol of

providing a ﬁkggﬂ.u}ﬂm%seg%géam&m {¥alige Hoh B0Vt BEs°@ ol Eqble msﬁga I

surface opposSite a se etchant” treated surface; 25 providing a netal
foi | hdfi ng ligridiceatskpobymmer ibh-d treated surface; placing said first etchant
treated surface against said at | east one acid treated surface; and

applying a force_to press said tal .foil ainst said filmat tenperatures
PPt ange v onTRORIE Bt SR MRt it i 4P BT asirenmd AR e m o bond
bet ween sai Gtchadt freaditbudite ateiptbdnsé 6f applging an AihlRtEhdndd Jpdeing&iftaddS03/ 06423
.10. The process .of claim9. further .conprising.the steps of: selecting a
aui - orysoa TR e e imgt Ak i Fhau e ARt oAk A EBR RBEOT Tl i 1B an
al kal i Né et chataihing Groprddwi%® Pwi%l of potagsiun hyirgrideahd frat yoets foidbwithefi ng a
first etcha%lugiqig&t ed surface opposite a second etchant

8. The flexure of claim 6, wherein said at least one acid treated surface is the product
of applying an acid thereto, said acid comprising an aqueous solution containing 30%
20 hydrochloric acid and 15% nitric acid.

9. A process for forming a composite material comprising the steps of:
providing a liquid crystal polymer film having a first etchant treated surface
opposite a second etchant treated surface;
25 providing a metal foil having at least one acid treated surface;
placing said first etchant treated surface against said at least one acid treated
surface; and
applying a force to press said metal foil against said film at temperatures in a range
from 300°C to 365°C that cause flow of said film to form a bond between said film and
30 said metal foil.
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5 treated surface, said al kaline etchant conprising an aqueous sol ution
containing from40wm % to 50m % of potassi um hydroxide and from|l OM%to
35wt % of a solubilizer. 30

WO 03/077622 PCT/US03/06423

.10.  The process of claim 9, further comprising the steps of:
selecting a liquid crystal polymer film; and
treating said liquid polymer film with an alkaline etchant to provide said
liquid crystal polymer film having a first etchant treated surface opposite a second etchant
5 treated surface, said alkaline etchant comprising an aqueous solution containing from
40wt% to 50wt% of potassium hydroxide and from 10wt% to 35wt% of a solubilizer.
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