WO 03/ 077622 PCT/ US03/ 06423 LI QUI D CRYSTAL POLYMERS FOR FLEXI BLE ClI RCU TS
Field of the Invention 5 The invention relates to | ow dielectric constant
filnms suiwelBe7feor use in flexible <circuit applications @ad/uss/es423
particularly to chem cal etching of flexible filnms and conposites that
include liquid crystal polynmers (LCP). Background to the Invention 10 An
et ched copper or printed polyner thick filmcircuit pattern over a polyner
film base may be referred to as a flexible circuit or flexible printed
Wiring. As the nahEQUHNGRASTAL POEYMERS FORCULEXIBIEIREVATSbend and twi st
wi t hout damegi ng the conductors to permt conformty to different shapes
and uni que package sizes. Oiginally designed to 15 replace bul ky wiring
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assenBl i es. Tﬂghﬁ,mﬁemﬁﬁ%%ﬁot%ﬁ'ﬁﬁeq?cﬁfécaﬁon%rft%@%% 1?%15 bt S%‘é]\%% (’:(g)ge f1exible
circuit desidn apsicetidngasd margertichlafyodhegicat athiigrbfderibleclimsandat hs t o
conplex, multil ayer th{,fgei_di.mansi oRn?ilJ %a@@?es. In a recent devel opnent, a
flexibl e cPIRRositesshrabiclids igyd gl Rymes magnetic head carried 20 by the
slider of a disk drive suspension assenbly. This overcones difficulties of
connecting disk drive circuitry to small nagneto-resistive (MR) recording
heads. Conmonly used di el ect HAEkFPYNhpHednTBY® j als for flexible
el ectyponi ¢ packagi ng include polyi m de, polyester terephthalate,
random fi ber aram d and pol yvinyl chloride. Changes in electronic device
design create theetaksddoprst onytaterobmea hick filmeisspib piern eer 2 pglyagh Paksi ng t he
el ectri cal ba%ghra%m JAE PRAGES Sk of APABIE blihtkb @V iy, AbthesHpist rates |isted
previously. For~exanple, a lower dielectric constant allows faster
el ect ri cal sugigeptsaflexiblanigéudtry cangowid, bend prdbiwigi enithentidamaging Heicppdugtosdocool i ng
for a packagey BnBeD A ShNSINRNE BlokadfRikL REiSEIDAALAAG, | MPr oves
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package peE%%‘rtﬁgrr‘lce t R g%er i gn_peratglree? Ca?l%% ower gtlrr_l)li"ﬂipst ure absorption
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fulfil the "requirenents of conmplex, cufting-edge electronic assenblies.
The fil m hakingligheldigtnd jdedferdompéicaedoieviass, ﬂbvéblnairc@tc&bighis@lytim@hngow
dielectri Cfrggns?r}gﬁa[]s:[ided%lélgdurcg erpeaﬁqes% gorr?pklle, rmnuEt{lQ}/%r &nree-dimensional packages. In
a recent development, a flexible circuit provides connection to the magnetic head carried
20 by the slider of a disk drive suspension 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 polyvinyl 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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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 100pm. 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 substraté. A multilayer flexible circuit is a

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



nore layers of a liquid crystal filmsubstrate. A nmultilayer flexible
circuit is a conbination of three or nore |ayers of single or double-sided
f I exi bl e worosw71632 | am nated 2 WO 03/ 077622 PCT/ US03/ 06423 pciratges/tae3 and
processed with drill and plating to form plated through-holes. This creates
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of polyimde-based flexible circuits. However, as shown in_ European Patent
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capabl e of j gpfgekivlthodOHELQRTEhroRin-RdiéCUi t features in all types of
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polyimide. It appears that selection of etchant solutions depends upon the materials used
20 for preparing a specified polyimide. Also aqueous developable photoresists disintegrate
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
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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



25 Summary of the Invention The present invention provides an aqueous-based
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having finely structured features previously unattainable using current methods, of

20 drilling, punching or laser ablation. The use of aqueous etchant solutions and methods
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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substrate followed by a palladium(II) solution provides the metal-seeded liquid crystal
polymer.

The surface treatment of liquid crystal polymer substrates uses an etchant
‘composition 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



20 pol yner substrate. Applying a tin(ll) solution to the etched liquid
crystal polyner substrate followed by a palladiun(ll) solution provides
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10 wi th anPeYERaptheByRrePD M BoAPRANLPIHSng SBBY GIchA AN lkter of from
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force to press the metal foil against the film at temperatures that cause flow of the film.

20 Composite 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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electrical insulation, moisture absorption less than 0.5% at saturation, a coefficient 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 solut_ion 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,



15 XYDAR(r) (biphenol based, available from Amoco Perfornmance Products).
Multiaxially oriented LCP f| I ms of this type represent suitable substrates
for flexiwbasfprieated circuits and circuit interconnects ®urtsbs/a4bdr
production of device assenblies such as flex on suspension assenblies used
in hard disk drives. Characteristics of LCP films include electrical
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LCP pol yner ative SI'S itable for use with liquid
crystal pol ymar@ormocmmﬂy argul'abie tqueous base, e.g. sodium carbonate developable, negative

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



present invention include negative acting, aqueous devel opabl e,
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from 15w . Ysing a ptfdrrethbeahat sslotia) bf ¢aneentraitld QI endofthakGlamire, the etching
20 time for a 50 pum (2.0 mil) LCP film is from 30 seconds to 240 seconds. The etching
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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20 sites. Copper or nickel or gold or combinations thereof may be deposited 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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20 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. 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 léyer 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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in the etchant solution provides a through hole side-wall angle of 35 to
45. The side-wall angle al so changes with al kali netal hydroxide
concent r awioas/o7Te22 he et chant sol ution, such 5 that over tPlog/sose&nsrati on
range of from 35wt.% KOH to 55w . % KOH the angle of the side-wall changes
from25 to 55. Modification of the angle of the side-wall is not possible
using drilling, Rbesh AREL Bibld fholdRaR® drélhffaddfgs, the

wal | s of throu%ﬁ“ﬁﬁﬁegggr eessgﬁstqélntl gHCy Iparrg10 lel. The manauf acture of

fl exi bl e cbothsidessofacubstrdiehgvinga L& f@mésiemdamp@mﬁldmuse@ﬁﬁﬂdws 10 the step
of etching Clla D AUAR v eUsSs sQL,e- et ching
and post- ‘é‘ma?‘n Fgg%{%@'ﬁcsfﬂlﬁlSEMB %Qgﬂg%eﬁcgjgwegucl péryocecfhn y be varied
as desi redtlﬁqkrwmlhhe cqmmtlambang fppl9 mtq@mm ﬁlqkyiih@mot@@eﬁwﬁb@ of steps may
be descri b : at ed
over Esgt h & 8es of a SU t(ﬁ%?&&%w%%ﬁﬁéh ﬁ@@g%g&g %Pe?'n{l%lk égszftirlfg{lrﬁ copper
si de (avai thelskposéd pmidilof tlﬁmtsstélﬂld1m$os:themﬂevelb§ed]wblamdéutdacl(lﬂmesr ay Corp. of
Japan), usi st a r.d Ia nat i ng. techni ) i Ly, e ate has
a pol yneri fﬁoq\gl anHnFP(%gredot}a From 2 gtame nli(%gglﬁ]es (\;/E\AXIF%&?L%%CE%%%OP Sﬁl%g%te{ bei ng
from1l mt @ thenrvtdhbd E)l@btaTlhﬁrchlhfkalitHsml(ﬂlﬁ of ihepqﬂhmtem kgérshusitecdmeom 25 mto 50

m Upon i nagew e of. both hot or esi.st. t.o ultraviol et
M ght Cor ¢ REPork e g PaRb e StagRomaheorisP el Rt S B i et
phot oreesi sbn thecopper mdtsaﬂdwbdseln{kyd by fissl dxpkﬂuﬂago a FaBatioasowte ms»rdelnen devel oped

by renoval of unex ut e. s ,sol

0”5 1" 506 EgtacL P RoaPas SBF bl P opp e e S e AP i ned on
]EJot h hSI dels tlﬁfpgtyhﬁn(a EBlﬁT'(d’mghéiglmTiidie)&WéreGbﬂﬂie l@fosilhhﬁ_ed ﬁ@ibt][wé ﬁerl fgrltoehfenl )
urt her ated to desired thickne t chi ng .of the il mthen
pr oceedspby"tbIﬂ&c‘?tcrliﬁ“ttsﬂlé‘“?‘h‘fﬂnf?é’i‘%g ?W“&‘l‘ﬁ’é‘? ’2’%‘@? ltlzeE giaution, as

previ ousl y s faburdh0° atto d2¢°aRad éle\phetoRkist Qrect:hénostrlﬁ)gd GomDbot desan@y
portions of the LCP polymer not covered by the crosslinked resist. This
exposks cepdupth basigse IOB’faSPFFé“%‘FD’Q‘F%’?&Pedt hin copper |ayer. The resist is
then stripped fromiotifisfdddRsduets shdhGis ﬂEﬂHleQﬁ&tﬂts'1ﬁte?cogne%%&ﬁtdéttéﬁérfopf an

al kali nmetal hydroxide at 25 Cto 80 C, preferably from 25 to 60 C
Subsequent ['JABefRs saempisa bpestrg) procesies, Brigraflexaairopits, andcthe Bk, conypaiionglr e 30

et ched usi pgcagin Bﬁp@Qt,lsetdh@-ﬁdcprﬁ@ﬁpl@(Petyeﬂ%ﬁ%ﬁ%rela%f édggéﬂwﬁr 14, tikERMA- ETCH,

avai |l abl e fromE | ectrochem cals, Inc \O 03/ 077622 PCT/ 803/ 06423
nickel for subsequent soldering procedures and the like as required for reliable device

20 interconnection.

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 assembly (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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In an alternate process, the aqueous processible photoresists are | am nated
onto both sides of a substrate having a LCP filmside and a copper side,
usi ng st awdasd77ékanm nati ng techni ques. The substrate consiPETaISos/ @23
polyneric filmlayer 25 mto 125 m thick with the copper |ayer being from
9 mto 40 mthick. The photoresist is then 5 exposed on both sides to
ultraviole e mgéﬁ dBsKich Rhdelek Nki ng  the
exposed poétr}gloaglghtuoq?&}/sﬁh?)Oigh}g?lay&%&éégmaﬂlg I theny evellcopesgfﬁ)vmeth a dilute
aqueous  spbprrtierin tcnns bf ddsdtriechnptant; dissigation Bciobend melgusPitforth si des of the
e o SRR ok Sond S BRD RNt R IRRAIRIRL Cllictondd |
of aqueousarpdrdhémeefmesﬂexms in E&A (Taog &apeldlom/*esemﬁh‘é aﬁplncstlorrseéllutudlo on the
order o B an abnE B BARSe Y e T e IR bbb inte sREV LGRS ) e o
further et folnmgadhém\&my@sf reqmma 1p01hrpameﬂ¢mrefqohmu(:mn {The néw Klexusé gimiptureot

O o s ST f POl b e s e b o gt

t enper at ur ﬁs@;ﬁos?ﬁle@) produc2@ tﬁi,eemelr fudxereptmttme&rtaigswﬂmraecohipemtesbnmmgd from

create 11 npeHitueremey Bredindoddss Bristl 9@ 96 REEhEoRRIE banai ng

tape foor  crjAR'polyhpeuridt Rrxabjed ibmodi RRedind) hawekine®, thapreseaf ineontion,feui t s, and
the |ike, conventi onal {)r oc&1 Si n% n‘ﬁty be th sed to add multiple |ayers and
plate ar eag’r‘B?“‘{%’ﬁB@?mﬁﬁl YIFORSHCHYE PPANC FRoes HiSEB1  for subsequent sol deri ng

procedures and m{aﬂlahbﬂﬁ@a@mcmﬂwowztw sruggeus@,tah@uiaebvyscaepag)mem@rmenect| on.
| mprovenment in bondi nglyto a variety of ofher substratb?s occurs by chem cal

pr ocessi ngStPension atsEMB R Aad amegr forgpaldng thessagiec Breiss i p RS e s ent

i nvention. su-B'b&@-terEemlmﬁgs st lah EBRickB) d&gdlﬁ:h@ﬁ?érsarﬂﬁscﬁélé&%jhcﬂﬁ@&y@élS| y
provi des benefits for higher strength bondin nmul til ayer conposites

t hat ¥ncl usymer maé%&atl digpsed hghwpeng fn gtimate, mrﬂacgwyb,taaﬁ aﬁwﬁ% the spBPOrionbi ni ng

| mprovenengg tﬁ@&ﬁﬁh&ﬁ@ 149/@{ W}ﬂleﬁﬁc@dﬂu%?g%n&ﬂr&dcﬁmcﬁrofm%& aFRatid), sdifgict ures
in which a nmetal |ayer "supports a dielectric polymer carrier [ayer having

a circuit pheatesfipt-be Tﬁ'@dth@fﬁ i§ nasevidgnecathet an Tiesive-dieerthregrfayar Inmigtedas pensi on
assenbly ( até gl ?é? %Bﬁdlﬁ% SPrch%‘ng c@hdlf%lﬁ gﬁﬁing tﬁ’J 11 1&&9&&%%& filnye that

may be fabricate r co exur e, 30 descri bed
in United @tratle@dﬁdhfemosbow Be S@nﬁ@slstﬁsn pﬁlIJaEBOy ’@119@6ﬂ02!2$2nver:orrpr| ses a

| ayer 2P f S n%rﬂ!aﬁ&fofstﬁee&lleaétﬁ lof Q@‘ﬁlma%% wild &0 E&J]d c@stgpﬂ&@rmrqgolg By for

electrlcal I nsu Ion
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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ductil e copper layer for electrical transm ssion. An inproved flexure may
be obtained 13 WO 03/077622 PCT/ US03/ 06423 wusing a liquid crystal polyner

| ayer i nswead/oof622 he pol yi m de | ayer, which has poorer propdrsbs/esi2in terns
of dielectric constant, dissipation factor and noi sture pick-up. Etchant
conpositions according to the present invention facilitate construction of

an adhesi ve-f rq?q’exfu{eg)f&r"l%A ﬁsﬁﬁoﬁ Isrs@xﬁ@hégﬁﬁﬁ)ﬂ§y QfdAISRHRIY nafpiB], | Cations. A

liquid 5 crystal polyner |'mreplaces the conventional |ayer of pol yi nide
and obvi atkingHive matagial mmrs mmdrag Hainlegesteed faik GSTh fondingpdhesiveur rent f1 exure

const 1 uct | gfi AP NS HEOHE o RAUEERinGR 6f hRlypisAGent 0 o nore

than three layers toget her wtho adhesive. It al so Cgosm ble to
produce a ammebfﬂbdy@rlnfpt@mme Kr exanple. ¢hesformation gf %\pmrraméhﬂmm

Cover 3| nOysePhpfurtd Atifl SRS B RRINCE Bl UGS BANGRGbite Shidhe) P59 3t 06!

| ayer. ¥t sPCase cryst a pol ymer surface I's subject to
metal s eedetdgng aEod e adbesive tlndu & shrves ﬁmn therplasmiietshing frage forfeishendiiei ronist of

| ect | ] duc [ l'icati
w0 00 2soe G HEEpntEe PELR, A hEARSDuRAR: M BR Wi gor o o

assenbl y amdluae Mﬂh‘lﬂddlfeelWe o thie rsguﬂdsestsﬂmfac&'hmi lrsiaiobs$ in flaamplﬂesiéﬂit)a
support, tal nl ess st l.ectri.cal conduct i v, and a
dL%I taﬁl ?nélpgisg 4 cf (@g& we gﬂt of ther dmg (:i esive. The ngedbtg acﬁgswe’

dielectric poEYrEr al’ di Spose Ween, in intimte
cont ai@t w Bdh,dlr@ﬁhﬁbt@ﬁd&k&h@(ﬁbstamdtchllﬁeslrbﬁlqaomtprochlndwtyffer mndumhalebxﬁrayer Wi | e

i ncl udi ng g@ger al discussion of lamnate formation, using a heated
flat-bed p Sthere is no evidence that an adheS| ve-free, three-layer

| am nat e has aneth& ihviehtgonl eal‘;nﬁﬁatekmmneeg for Rdlsi@s andygrocideshiuttha@ns causi ng

the liquid cr f nd.adhere to both.the stainless
steel and E?ﬁﬁ%ieél y %@X‘?Pﬁlﬁo go&B”h‘Bt‘) aggﬁ‘vléf%aé&fiﬂ PBPAEY PBredteh he strengt h
of bond f ofmfEajdBoid@fnith CdnhsbiditdstRietisds dqupe b Wikimufadlt§o laybis Sne PF Vi OUS
descrl tion also includes no evidence to sh vYYeeffecd:gl ve Iggl,cfor Fce in disk
driveld suspPBieisgarapiefomingor mslug-p Sontagh W | e EDR BROFHIRGE P t he

present i NYRIPréSite i ah§aEmg@%ﬂdequsmmaatnereﬁhrb zquﬂhbﬁﬁ@msﬂ@awaga was not
previously disclose The formation of a bonded 25 | am nate structure,

during sof ighd ﬁgstelrpoqur filey re9duged bynelf dmsiag and tgptednee Ayefstredyol yer

layer, reqpfifse cwmp%es tahQef. @F@Ameﬁcamqulaﬂg SRIMThafas) 100 sRif%S Rbel foil
del am nation. Also there is evidence to show that successful formation of

adhesi ve- f having ae@mch%ﬁs@gf Bepdhdzilypsh-bonded torefile af uleed eystelgelimer | i qui d
crystg] pokyep dhil)ythicE'etRt AlliNatidn HR PRGBS ROTPAR {ifinkdSS%el receives

an application of 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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extruded and tentered (biaxially stretched) liquid crystal polymer filns
rather than nelt- 30 blown filns. Selection of liquid crystal polynmer film
may al so wbfoewotr7éehe ability to nmanufacture conposite fil mpcagisosjoens her a
bat ch process or a continuous roll-to-roll process 14 WO 03/077622

PCT/ US03/ 06423 Fl exures for TSA suspension assenblies previously used a

Plienis . . . . . . a2
am nat e egﬁﬁ?éducggﬁhmcﬁﬂeyﬁgg%@%ggs. ?g}{e)%pée thRghdidlioNSsthAi 1BLGSS Stee

foil (SST), i ng adhesi ve, bondi ng adhesive, and copper
(Cu) foil . thedilmmayesuit addition afypseppertdaxentsuchsasad uan flash faypr efesrnen processi ng.
For exanpl SR LTl RRYind) 88 GRnbiSanuch Pl asma
et chi ng pr%&:ﬁégseg?%c%%@beggﬁlgéne?Ggﬂjlglﬁ,gkﬁrﬁggggs: ésiyern tg}corrpensate for the

et chi ng r apmcess ot dvstimhesillvte-rolhptocéss. sl ower than the plasma etching rate
for either the | St . ] I L vk 1T (2N askve. O her
pr obl e5 ms wWith aﬂgﬁ?gtl?({/wemé %\’%g}p Feg%erréél‘ﬁ} tﬁ%f%lh’g& %glg ?gﬁg? gﬁhgg?é\?ggon tt he

st ai nl ess tikealpe sfitht aventiomdvHichnis exgresserssolaly Byt thx clpinsf | exi bility due to the
firmess and added wei ght of the bondi ng adhesi ve. The need for adhesive 10
bondi ng i ncreases the cost and causes | osses in productivity for
conventional flexure structures. TFEsperjmeagdnt i nvention elimnates the need

for adhesive a rovi.des surface- .tr ed fil fro Omto 50mt hick,
and foils that E@EWF%W%W&J%%&WH% Lﬁﬁ’tdﬂgeﬁlﬁ({é?ré‘frgfgra S Oéﬂ‘éfs‘st rengt h.
Conpoli t e BilhUCt dILEP/dopyii lantinge (WL, Gora anfl Asvaziakeaypéiapanne of 15 which is

capabl e of flown r melting. i act with the her,, during application
of heat ahtim égggg/éo?%”Eﬁ"ﬂ&ltﬁg'(gp&(}’%ﬁﬁ%rﬁ%ﬁ'ﬂg8?#@%’%at e. Preferably the
t her nopl asFilg d ay @CPicSppr laniffst H-QC Y Ktatay@@inyi@ionfof lapan)pr oduced by el t
extrusion and tentering rred lamnate conprises an A 1.S. 1.

. A f
(American Fi®P aﬁ&cgtfé’é‘ISOPﬁ’gti]i%’t‘zWé)- CRAndi AP oRAS oIR8l foil  having a
thi ckness g}‘%‘mﬁ%gép%g@mﬁk B&HQ@?,CB@oﬁtiBﬁ bifa@fmy@ i quid crystal polymer

20 50m (2 ick. Before lamnation the bondi hg surface of the
stai nl%ess steel receives an application of a strongly acidic etch

conposi tion, Ll e Lt e ?}I 108 d dodihi@d by hdiSliSne g skl pol yner
receive at rewn%n%t&g@qgﬂel?arl;&&fhg(ia&g?tgfpé’ TAGT déisc et ch}és %g{rl 3 z?i)én1 ess steel
i ncl ude coragosédve dissolutsa Slucdf awlected polymerio iad etahwht rilxtion Bdma¥ was further aci d
and hydro e@!eg Edr i) %gf@lrﬂgagclf‘%or}ecirg&i&%%}eg uisnliI I %gglc%atfg(? ]f&lnri.r]i? ta'ntnsglultil)lgu' d .
crystal polyners Tncfude 0Se previous f escribed contalning an al kali
net al sal t pedfidmance s tvistallyedseased meing a ranking scheme wherein:
20 1 = Satisfactory etching and appearance.
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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solubilizer. After etching, the treated surfaces are cleaned by rinsing
with deionized water. Adjusting the thickness of one or nore of the | ayers
may vary wbhesbhicekness and flexibility of conposite structardasozesies di ng to
the present invention. Such adjustnment may be achi eved by etchant
treatnment at selected tenperatures and material renoval rates. 30 For
exanpl e, control | ed etgRiiNg EARYREIMSEBohPoMdns S8 ciliiekness of a film of
liquid crystal polymér that was originalTy exiruded and tentered to a
thickness of 25mto 501im Treatnent occurs at el evated tenperature, e.qg.
90C, over a tinme peri oEtgfan6iplgmoonds GempdsBiopOvIds 077622 PCT/ US03/ 06423
nore that reduces filmthickness tjo @f@/r%lké  whig " €quce thickness to

l ess than 15mthe fil mmay require addition of a support |ayer, such as a
3mflash | ayer of copper, Hefore [proceedi20@0ii0t h control | ed etching.

Thi ckness adj ust ment rpy—tse—etther—a bat“.“4 p0c€SS—of cont i nuous
roll-to-roll process. |5 The foll oW ng exa f(gg are neant to be illustrative
and are not intended tjo lim3t the scope ai/45h& | nventijon which is
expressed solely by the-elainms Experinental——Experients were conducted
with LCP materials degcribed as fall ows: 2%&5,&3@ mA - a LCP/copper |am nate
(WL. CGore and Associ ates ofs Japan). FiT193482/82kCP/ copper | amnate K-CT (
Kur aray Cor poration ofl_Japan) FilmC - a LCP/copper llam nate R-OC (
Kuraray Corporation of Japaf). Fi|mD - d0%5M0% | m50m thick (WL. Gore
and Associ ates of Japdamy- i - NERS gk (Kuraray
Corporation of Japan). 15 The etching rate of |iquid crlystal polyners was
estimated by determ niing the tine | requi 1éd4t760H ssol ve a filmof a

sel ected polynmer in ar ct\,h“i‘.t sohtr un.leg:/éf.Q/ﬁ"Byaa fuft her tested for
etching performance of| circlit features ‘UsSihg resist coated film Etchant
solution performance (was vCgual | y| assessad/ad84ng a ranki ng schene wherein:

20 1 = Satisfactory eteh%—ﬁnd—appea%}eeﬁwu per f or mance or
attack of the resist. | 5 = Uisati sf act orvjﬁ {0 france Etchant Sol utions

C4 17.6/35.6/45.8
C5 0/40/60
Co 0/50/50

*EA = EthanolamineKOH = Potassium Hydroxide

5 Testing Conditions for Liquid Crystal Polymer Film Solubility in Etchant Solutions

Samples of 50um (2.0 mil) thick liquid crystal polymer film, lcm 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
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Table 1 shows the conpositions of etchant solutions 1-8 suitable, according
to the 25 present invention, for effectively etching liquid crystal

pol ynmer fwioms/as2nel |l as conpositions C 1-C6 that gener alPicy/whos/me3 sat i sfy
requirenents for liquid crystal film etching. 16 WO 03/ 077622

PCT/ US03/ 06423 Table 1 - Etchant Sol ution Conpositions 1-8 and C -C6

Et chant SolkdR0c oqglemsc; tSO?Hm(Z O%hil)%8r 1 EPATII 3Gk %‘M@Eﬁco %er%altﬂe% 2

33/ 40/ 27 3 10/ 45/ 45 5/35 5 19.3/48. 2/ 32. E / 50/ 50 7 20/ 38/ 42
8 15/ 44. 7/ T lsmxr@fwt@nﬂpwwnbult@zlo@sﬂé‘@/lw th&lghspwtswowrwsb on 4

17. 6/ 35. 6/ 4ay, Gide 1 & g&q’vlt}@ﬁ%ge&ggs soffiiorr ogdaﬁﬂpéa%ﬂngé'ﬁgﬂoth skRtassi um
Hydroxide 5 Testing Conditions for Liquid Crystal Polymer Film Solubility

i n Et chant toSblain desined inggerpi drsuigty. Geppenwisthen nated on e eqpper ¢ds of thg yst al

pol yrmny T ! lafHinahéidls¥ uhP i HOURLE The MNP Gad WRIREELh 1y BhipNahtoSRlekthadNS
contained I'n an etchant The tenperature of the "etchant was

mai nt ai nedbah c@Biniag dna ¢fdhe qomponitiensrlisted indEabld bThd itesapstature oftheftchdnt m sanpl es
10 in the m nut es

i ndi cate p@%}?t@% rgh‘!fﬁtdt% 533’2 Ea%?’?oﬁasﬁmgyﬁ{éﬁ% c ?‘g}r’ngg%%%i?es rapi dly
di ssol ved tekist Wasqstrlmbed:wythﬂé% KQHl ay a8IC tséﬁ‘iﬂ dde CQrtwwndedtChQﬁﬁlpewa@r m wel |

when the || vqyuaged(for Xe%ermmep e?cl%nt prerf\cl)\rﬂiﬁsangé) v?‘/}tl?gilm A as recorded in Table 2.

10 Table 2 - Solution and Etching Times for Film A
Etchant LCP | Time (min) | Time (min) Etchant
Solution Film Film Only +Resist Performance

1 A 6.3 8.5 1
2 A 1.6 5.0 1
3 A 4.5 11.0 3
4 A 24 55 1
5 A 24 - 1
6 A 3.0 6.5 1
7 A - 6.5 1
8 A - 6.0 1
Cl1 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
CS A 264 - 5
Cé6 A 24.6 - 5
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wi th an aqueous devel opable filmresist material (see Table 2 solutions C
1-C4). Testing Conditions for Resist Coated Liquid Crystal Polyner Film 15
Two | ayerwoaB/o3®2m t hi ck aqueous resists, avail abl e from DaParsv3/oeéader t he
tradenane RI STONTM 4720, were |lam nated with heated rubber rolls to a
flexible 17 WO 03/077622 PCT/ US03/ 06423 substrate consisting of 50 m (2.0
ml) of LCP filmon onera%lld'_g agg)g t§9&9@g%cggétﬁ}ge Gh&fmp The | am nate was
then exposed with ultra rough a phototool or mask on

each side and devel oped vvlth 0. 75% aqueous sol uti on of sodi um carbonate on

both sides to obtaimn i f ot Y- er—was then plated on
t he copper side of th;ﬁélalnam naté tp T efﬁf‘ﬂ?} thic egts. The LCP side was
t hen etched by di ppi ngolutibo an Etmharkilm Batyh commamg one of the
conposi tions |i st egq—+n—Tpble—t—TFhertenperature—of—the—etichant bath was
controlled at 85C (|]185F)< Each resis Wg t hen wasr‘}ed wi th water, and the
resist was stripped wths 2. 59 K@l at 25§;5to 85C. The condition of etched
films was eval uat gdto-deterine etchant performance—with FilmA as
recorded in Table 4. 10 able|2 B Shiut$8n afd EtcHing Tijres for Film A
Etchant LCP Tinme (min) Tgnme (m nyg ELcha@Q Solutron FITmMFi I m Only +Resi st
Performance 1 A 6.3 851 2 A1 6501 3 AA4511 03(4A2.4551 5
A24-1 6A3.06.5¢F7A|-8B51>A-160150d AB.0105 C2 A27
6.53 C3 Ab5.2 10.6—5—(394—A—“_H—9—?W : 264 <=5 |
B 14 5

C3 B >35.0 5

C4 B >30.0 5

C5 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 35 1

3 C 5.7 1

4 C 5.2 1

6 C 2.3 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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C6 A24.6 - 5 18 WD 03/077622 PCT/ US03/ 06423 Table 3 - Solution and
Etching Tinmes for FilmB Etchant LCP Tinme (mn) Etchant Solution FilmFilm
Only Perfwomanes222 B 3.2 1 3 B5.51 4B501 6 B 2. 2CI/usgsod2335.0 5
C2B14.25 C3B>35.05 C4B>30.05 C5B>72.0505 Table 4 - Solution
anld Etching Times for FilmC Etchant LCP Tine (mn) Etchant Solution Film
FilmOnly Performance 2 C 3.5 1 3 4 Cb521 6C2.31 C1CcC
>35.0 5 C2 C>10.05 @C>600@%ﬁ€&%3005 C5 C>72.05 19 WO

03/ 077622 PCT/ US03/ 06423udligmive %Bdhesi on Test (ASTM

D3359- 93) The test method (ASTM D3359-93) requires the formation of an X-cut in the film

D XX

idhdsi g-
of conductive metal applied to a liquid crystal polymer substrate. Pressure sensitive tape,

5 applied over the X-cut, provides a qualitative measure of metal-to-substrate adhesion
when removed from the test material. After removal of the test tape, the metal-to-substrate

adhesion may be assessed using a suitable scale to indicate release or retention of metal.

Adhesion of Plated Metal to Liquid Crystal Polymer Film

10 The adhesion or bonding quality of conductors to the surface of liquid crystal
polymer film was 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.

15 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 approximately15 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 palladium(IT) 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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The test nmethod (ASTM D3359-93) requires the formation of an X-cut in the
film of conductive netal applied to a liquid crystal polyner substrate.
Pressur e wensiovicez tape, 5 applied over the X-cut, provi ;eg/Esogoahkstative
measure of netal -to-substrate adhesi on when renoved fromthe test material.
After renoval of the test tape, the nmetal -to-substrate adhesion nmay be
assessed using a suitable scale to indicate release or retention of netal.
Adhesi on of Plated Metal to Liquid Crystal Polymer Film 10 The adhesi on or
bondi ng quidample bf conductors to the surface of liquid crystal polyner

fil ' j [ t t hod
PO TM 650, AT RETFaR BRI dQRL R b O R o mi mut .

was used adesighgied &dET grde filmmavarlaefror Kuprayt Gerporatient ofdepanodftermaetdyr f ace
Preparati on and.Addi tive Ne: icng. L Ol Qol yner
filmCFil n%eﬁf}“%f%@“a?“ﬁé % P%/ﬁ%t"@%}{gklﬁgrfg‘q%%‘g‘g}s&%‘g?%?%é%mégd g(f:%%g‘?n'?dé’al |y etched
usi ng a mimetardepadit AbHa Kokt atedtrGieskpbiting hash axtiipiedatet® 5Cfilm 8BEjion f or 5- 10

ds. Th ified.fil ' ' i nel ' i si ngl
20 ot annous i Sy B B RO S Fahel b t-oBRY Ml SRRE 5 13
After an witimeu stebtical Etwkingfas dpgoribedi abates khowt8 esidown dfmatal debapmmatenper at ur e
the t t fil d with dei.onized t |l amersion.of the t ted
Fim e par ey B e Bt ReRt b FmatRo Sy AR SPBIR 1) "ohi or  de

and 2106m  @&¥ghydrochl oric acid per liter of solution, for approximtely
15 seconds provided a catalyzed filmalso referred to herein as 25 a netal
seeded film Deionized water was used to rinse the filmafter imrersion in
the pallagiampidd) solution. The netal seeded filmwas plated in

el ectrol ess nickel solution | C Ni en avai | abl e f mur a

| nternational ChbFTRISP ’B?ﬁel‘@ﬂfegﬂ%fmg}u&éixaﬁ‘ﬂ’%@‘gﬁ‘“’ﬁ?e&i‘eﬁﬁbﬁg {‘nrff@s{‘i%v\ere 2to 3

M nut es t OseRdR ifarSQ¥RloRks aipfaéﬁﬂﬁag bithia¢dIaBie as BNTHAONH ©@MI Cul1e fiphat ed

t hi ckness depends upon the plating tinme, There was nqQ de| amj nation with the
30 Qubl i t aEntheneAdME fncgrporaiise Cprner metak pdded Gy é‘Bﬁ?fP&f‘éf’,ad’%%?Aprme‘%?‘ed Wi t hout
chem cal efghi p@duceddy Eoafpllied above, showed evidence of netal

delam nation fromthe liquid crystal polynmer surface under the conditions

of qualitative adhesion testing. 20 WD 03/077622 PCT/ US03/ 06423 Exanple 2

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 0.04um 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 ohm-
cm 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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The process of Exanple 1 was repeated using a liquid crystal polymer film

designated as CT grade filmavail able from Kuraray Corporation of Japan.

After nmetwio iB/osmetli ng fil msurfaces, previously etched fordariusesodes ween 20

seconds and 60 seconds, a netal deposit froma nickel electroless plating

bath exhibited netal to filmadhesion wthout del am nation under the

condi ti0ns..0 aletdréepa{'télrggf ek Js&ﬁ&rfa&%ﬁﬁk’“d’uﬁﬁérystﬁ PORhREIM. aheexpodéd hout

chem cal etching, escrl% above, showed evi dence of netal del am nation

from the |pajyme vas ysrond trmdymg adiand tarch davigeapplipdios 30 srcondsnAftesicomnal i t at i ve

adhesi on ﬁégﬂ@! fl o”dﬁ%% Rkechtdil hgn from Exanpl e
10a é’%@ntt tﬁ'\%g&dl ed Fasdntthet HPA&( § sdiit rdﬂ{o \

1 was imrers secon s 1n-an electroless copper plating bath
avai | abl e ssordb@HONEeOM deSkritgd in Example llgnﬁnﬁmwéﬂweatpﬁébﬁm ated. Copper
net al ,, added I B{l S produced by
Exarrpl e 1 B aé)xﬁnglszf%qlﬁog ‘8§t§mmg%'}§ \%éa\ﬁﬁ}%}lgve glzr?g ggsputter ed net al
coat i ngs tlnydkocdqlsmd acid pett létbr of2<61uqnm| !qupwopmtﬂ:bouﬁewmdf praviddd gigieidaly et chant
crystal porgirdrt i PyoRatd full G5 Sk EETHE A o R imbBBnSTRE: B L I0LT o
a bench to;pnllsmumtlé)rsohman eThd oetaloagdet! Iﬁknfwiak platad irhelédvolkas edpper selutipeait of 10

mA for conds. . Pri ar t |nfor ul ti ng netal
deposit h a§0%§ ?]ﬁ ’Zﬁ(tﬁg ? 5 nutes :fn% uce saglpgggg c? %fs %n%%étallgﬂ%]qggmé ng sputter
coatiing, td&pefidihgonhs ddamhﬁﬂdum Tﬂéﬂa@&i cépper hOwsdgaddasndustieity ®Ritect r ol ess

copper plati ng bath a | e NT mEnI hone- OM

| ncor por at Bf* q*ﬁéloﬁf%%'éh gﬁ?{ét?lsﬂ?gﬁneé N%ss(gv%wgdws g I#(éasngc RIHE 0 ohm cm
and was nothat tBEPoEéks dficorsia tie&(ﬁiehmdfnmtald&klﬁﬂghmbdmmwelglohhme@ndl itative
Adhesi on dhesl ve é{rg test. 30 Exanple O Exanple C 1 involved the
applicatio r sgeding poiyt ‘61? ém’r%ssmt to a liquid crystal polymer film
available fromWL. Gore and Associ ates. Renoval of portions of the resist
21 WO 03/077622 PCT/ USOS/ 06423 reveal ed a pat posed surface
of the |iquid crys ; Metal Adie R ' i ' corona treated
using a hand torch deV| ce appl i ed for 30 seconds After corona

Example Qualitative Adhesion Test
1 No metal delamination
2 No metal delamination
3 No metal delamination
4 No metal delamination
C1 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 S0um (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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treatnment, the nodified filmwas imersed in tin(ll) solution for

approxi mately 15 seconds and rinsed as described in Exanple 1. | nmersion of
the treatwo oiorseen a 5 palladiunm(ll) solution, containi PgTUSAY 6423

pal l adiun(l1) chloride and 2.5m 35% hydrochloric acid per liter of
solution, for approximately 15 seconds provided a netal seeded film

Dei oni zed t he

pal | adi um( t%c tﬁllugl?lgpth%'ﬁw{all S élts]lgled:jdergldﬂ ]%fr}r,qﬁ{v?/ggmpgegﬁée%a}wﬁ&el ectrol ess
copper sol sm:tlittncd ﬁlrms m@le@roataic’rdgo increess the copperdhigknepsigrprropralic K#ms anpl es
of differing i The

pl at ed copperrﬂ?l\?]éuil t%islgg%%grﬁggu uct@f@??gégg/%%&%%%quﬁieﬁ% QltgtePﬁgﬁ%l qui d
crystal potopmentional silgraotpegrecgss fonpringedsiingwit pieparationc Shaseadier. lnsgron péeht t he
process of or opa,.treat .al. I I g tional
rethod 7o SERr HEeEH TR o N RE R aEER R kg g ROyl | Ur
Adhesi on tpbl)hnﬂladhbs@n)pﬁ’e@ol)ﬁ’mdr)%mﬁl% Eedtmentisiappheni@l aichingtcompositgmesi on Test
1 No netal del am.n ¢ netal delam nation 3 No netal del am nation
4 No et al acﬁ%rflg'ﬁl%%tep{)eﬁen &ﬂveﬂ}eo[ del ani nation observed Exanple 5 20

Et chant sol utions, according to the present invention, facilitate the use
of vacuum sputtering.as ocess fr -- i ti adherent metal |ayer
on a liquid crystal Ty HE L LS 501tm(2 ml) LCP
filmioavai l abl e from WL Core & Assocr at es, vvere processed vvr t hout

treat nent —or—treated with etchlcanf sol-uti-ep—as—indi-cated A—Fable 6. After
treatment| each f$a}"i’ﬁ19\&§n‘m‘%{bed in a vacubsh SFEsBYMImEYAN adherent 25
metal deppSTT WasS apphda@feddSI Ng convientional spuit®yg)ng techniques to apply

chromumto a thickness from3nmto 20nm A | aver of copper roxi mately
100nm was smﬁ@@r"bﬁ”i@@\é%?@#%ﬂ PCT/ US03/ B84E832)over the chroni um of
the netalf Ontiak FT0&Lbndd0l YTEr TTTTE o J| §GSUT Ting Zﬂuttered
films wer e ectroplated to jncreasel the copper thickness to proxi mat el y

10m  Metal Eecémntpa85°€rﬁqsl(r-‘e@psrbmfbd by the | PC THZ 658t est net hold wer e
gener at ed-using—a

Example 6
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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conventional subtractive process for printed circuit preparation.
Thereafter, Instron peel 5 test results, listed in Table 6, reveal ed

si gni fi cawD o3pTeevenent of netal to liquid crystal pol ynecTtathasdson after
pol ymer surface treatnent using chem cal etching conpositions according to
the present invention. Table 6 - Effect of Surface Treatnent on Metal

Adhesi on 10 Sanpl e d|t| | SEK |\ L No treatnent 0.14
(0.79) Etchant at 7 f%t of Slurfice T Ataécnant at 80C for 10.0
seconds 0.41 (2.36) Etchant at 85C for 10 0 seconds 0 42 (2. 42) Exampl e 6

Exanpl e 6 Le—S5—excep , t7i onal
sputtering tg@ﬂﬂ? Q@m}no depgg‘?rierm"?(ﬁgss%ma rr%é\jisﬁezté% /nﬁfgw‘l' nded between

a pair of roI [ No théagndntI m 15 provided in roll -to rm]d(01’9()rm was|, as before,
50m(20‘r thick liguid cr lcfal nnl VR Y f il m—Before MUIHU into the
sputtering %Iﬁ*t?él”*&éﬁsc;@&&’f‘ ol | of % mwas éither 4 4f(131 untredted or

chem cal | y BEERed 58¢C ARigm Z0F) at” A3 I'nches/ m nut e1 bighe) speed.| Table 7
records the results for untricated filmand for two different rolls of

liquid crystal polynmer filmchemcally etched under the same conditions.
In a sequence Qf i %Mr@%&%% #8ing By RED BV RSerdtionSirodag! i ed to
each filmto deﬁ%snlr"t?rg | ay err1 met al Sr’:ronm§3n QPO 20nn;c tohﬁg?( Each liquid
cryst @l poimpreverent afmeited it mcénmrwébpswn@@ag m@“@ﬁﬂ‘&mﬁ@ﬁseﬁ WPnggePlth?rhl ckness
from 100n Sr@ u tAg&ggg h LS eWa! &cHeien treat ed
augrren%lg‘?ﬁ%gggmt“fgere uum cr)lvvlo%f h% om 1 mto 315ftﬁ1 ofe el ecctropl at ed
copper Metiqlid trgstt] gobntce mag bc erspducreédsmg( eitheea bRch MAFGS Or 4 eoptinyass KA wer e
gener at ed using a_ 25 conventional subtractive process for printed circuit
prepar at i on. ce agal n, Instron peel test results, listed in Table 7,

reveal ed smenﬁue(Fanmatuorrm}s;mmﬁmm Lufidferysthl Rotynber §ilind crystal  pol yner

adhesj on after surface tre
conpositions. e%/}\%ﬁ(g %/ GrreSY %ﬁfg‘g fﬁéié‘ggosﬁigg@g&% m%E%?feﬂg? of Surface
Tr eat nent fexudstuatd iAGIEe TH A RusPamfdnexpflivatorsiuses aBapbent ttehted ked sryfigin  Peel
strength N/rimglfq/iqg . . . .

polymer film placed in contact with a metal foil, preferably stainless steel, followed by

application of pressure at elevated temperature to produce a bonded laminate having
essentially two layers. In a preferred laminate, the liquid crystal polymer film first receives

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 (3.2Ib/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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No treatnment 10 0.16 (0.9) Etchant at 50C at 72ipm 10 0.54 (3.1) Etchant
at 50C at 72ipm35 1.0 (5.7) Prelimnary treatnent by etchants, according
to the prweaan7iearventi on, provides 5 inprovenent of netal PCa/Us0syeRs
adhesion using netallization processes involving either electroless

pl ating or vacuum deposition, e.g. sputtering. As described above, an

etched |iguld gr ﬁlﬁe%ogrg)%%rgﬁgwmsp@cngigpﬂ'&%gs ‘ﬂ§\h n?ﬂr&\téﬂ rﬂeﬁbﬁﬁ%c h process

or a continuou rocess. Lam nate t| on Usi ng Etched
Li qui d Cr yRdralimpPoivgment bEthlemsthimqlAd mﬂamblsfrm'r aod)ﬁwplmmeiaﬂlgnaw sadtradi ve-free

corrp_05| t.e Ubsé:([essee eﬁl terl eofthera ds tiﬁé”{n‘:f‘ %ﬁ&q du%lbﬁtr%oii'a %rpﬁkﬁﬁoenm on

applicati o trea I qU| cryst m pl aced in
contact wi sttﬂuctarenﬁheaxlnetbbselededpa;&’r emed progdaitid demaved prinfediciromed by
applicatio pressur e t elev dte turn r ed

ohi nate naurHgh SREEh AT RS o LidRE A Al B BRRE T,

| i qui d crysbadss qainydrty usfeti Iﬁmfbmmsg elecem&illyemd];&n& t&e&dmlcagrer subbtratest al , as
descri bed abov seede

The ne f I
provi des a bongjé‘ﬁfefsé‘fﬁ tﬂé‘?lg’ SPRPOHES eﬂd?lg‘)é‘ag'ﬁ“ﬁ%?‘?’gées rnﬁaé%g ngir 6 8:‘ t he
liquid crysbalds /@t yteihingNiduid cﬁﬁﬁdﬁdyrﬂ&ifﬂin Sm;aere foim rhderiabtthgrbe Thi s

conposite has a nunb vant gges whe | e f hard disk
dri ves. Co?Pbad?eéid’steé ﬁ%@g\ﬁtﬁ g‘r‘?éﬂ ang%ﬁ?ﬁcf‘?éﬁs me?u‘?%gr @ﬁﬁﬁ@éf‘%“és of the
preseyt | HR%}'H Cipdrhedh, Hegeld) GIUB6thisides Bfrtﬁeﬁmamay baéurﬁee ﬁavednagt}onl y one
interface ereas conventiognal |am nﬁ qe é‘%/? 3@3)‘%/ I ude f mat eri al

i nt er f aces?kakiBg gichan fontanipg &0 %R pABEYUR PYqren léléss

ef fici encyoiid aPleR@baturesbeiwealdoCl(Y20 Epmideat@ ¢ SQEFm@ISﬁIﬁ@%fB@ sechbhdaur es
according to the present invention have essentially two I%;/ers of materi al

bonded t oglYREEMRETERIGsdh ) sseprds gt Hgher feamet?ﬂfswmﬁ%e(@n@zﬁl Fihe 1o 0. 77N Mm

(4. 41 b/in) crared TBASHE GeHHRY rShaN ¥k pbstiRE ikl ibREradREod M HpRxisdtdlg an | nstron
peel tester, operah;gi at a rate of 1.2cmmnute. A conposite may be forned

and phocesZWeml{sst nEhediimoras in hefesm Ofr@é’t'eﬂ?dﬁp‘d"lﬁratd@étcmé?eﬁ et Py etaYiBleessi ng.

Reduct i on he&hfaglg EXPOSRE ko QfradiB¥Eh Sia i tidatdd Uh 8fofpRods i@ fof fduction in the
wei ght of the c %om te. Lowering 24 WO 03/077622 PCT/ US03/ 06423 the

wei ght of adhesie #ltappligd| by \sputien peating teehrignes fo qreassqy thissmptal seeding npr oved
flexibilit Yyer to be augmented by metal plating including electroless plating and electrolytic

plating.

20 The use of 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.I.S.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%HC1/15%HNO; 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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Bond i nprovenent between the liquid crystal polynmer and support netal on
one side and the netal seeded |ayer on the other adds to the integrity and
dur abi | i tywoaB/areennposi te structure. The netal - seeded | ayem/ifsas/vdies
provides the alternative of printed circuit 5 formation using an additive
process, as previously described, rather than the subtractive process
comonl ¥ Usgsindr96 a LRIt laSRldidss GRHHGHR S of BARES (PG I | f
substrates rocessing to orm- conposites used i'n constructing flexures
for hard darsd(alqbplyuesﬁbm bavénecisseeded enetad fayar, At waform gedtig op yhersairfagsol yrer fil m
Sui table fil| m.ma | e obtained as e.g. BIAC(r)WL. Gore and
Associ at es(’ppf)Sl %g‘le% S%&H CT Filmfrom 10 Rogers Corporation,

Roger s, CT BotIhteﬂa}@ebordfsn‘ctlmh of laminatey adserding tb Seprescrianvedtion vis al kal i ne

ccours ai daprdnu B GRER Tt SO SRR R RN BB R AT O 58

seconds at 5cni Q@iveches)) e Qtlmflres) X 3.6d (3ieder)dTatd¢ 8 bhoglsepndierpderat ures in the

range. One, side of th et ched f.il s further to
P avi o oemyraged bR oSG ei et Re bt GRS FIRORIAE 1D
form of a swedalPoWinieg fikh addth&steindeseteepfislt an ul travi ol et  flashl anp.
Exposure to ultraviol et radi q.tl 0 reat S an ﬁlon phous surface for added
adhesi on of netal applied by ni ques to create a thin

met al seefli ng shaper to [be au.gpaﬁmfed by net aflinpd at i ng| i ncl Prdssag el eqtrol ess
pl ati ng apdelectrolytig The ||cn of—retal—se rled  averd al |l ows
the choick of eikher netlal 3&99 ﬁ?zft)l o or 30 8eeRds s bk r OPRENCOWSH: dduce

conducti ve Tet alljraces on 3@1@; gbigce | of &HGedoh@Ul d [CrymbRPa (400pY)TE .
Metal augphentation by an additive Process adds _no norle metal than that

required to prodice conduct3§E H8PHD t 1 aced0pesonds gi ver?02RkPe GaPphn.

Subtracti procgssing [T 1350 3 appuggggo @S of & JgBk Al (30661 |as
copper, tp give 1;4’0' at ed Ia%grdgi‘db‘lﬁgl form25 th h ness. herefaftfgs?5

conducti ve traceLﬁ‘ or mat i jon 316%O(606F)r ermval55@¢coed@cess c%}ﬁ@&l’a 390psr qduce a
desired citettt uc. ir %%%tlgi, f 'biF)ac. ety gs %nh)uya. 377 G gtics,
e.g. stainless steel Sl %E@ requires a QU f ack etg]ﬁﬁng ?ﬁeat ment
for opti num bondiLng to I i guld°cepstil pol ymssedondsm duri%gKPa(AOﬁm) gn at

hi gh terrp«;r_ai_w_e—and—pl—etssure. Etchingthyfoll imrers U ution
of 309101 | 15%INGS was condui2t & @PRgc|(128Ryew8d%6C 1%%99?"?@ PPhes  from
10 second$ TO 6O geconds| Tgrz@ag@qoqqrfclces 48Tsedon@s St a nimgm(@ebs,)‘ agil and

liquid crystal polyner filmwere heldlagainst each other in -a lampnating
presslused to bond them

Table 9 - Adhesion Of Stainless Steel Foil To Liquid 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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25 WO 03/ 077622 PCT/ US03/ 06423 together as a conposite conprising a

stai nl ess steel support |layer bonded to a liquid crystal polynmer film
havi ng a wead@d7eaet al | ayer, or uniform coating on the sumrCaasos/oEpdsite
the stainless steel foil. Interlayer bond strength of |am nates according
to the present invention was 5 determned qualitatively using conposite

sanpl es S@Qggla@?@l 4] ,ﬁérmﬁ%ﬁhg %&ﬁwﬁw&at g&ecﬁl%hﬁgg*aeaascﬁsed%me( 2

i nches) X Tab ows condi tions | am nation. Tabl e
9 shows thqtsubimctwpemo@@ﬂm, alyo refefradrte sonyemtioaally astchernicyl roilingoEsher he | i qui d

crystal Aqéﬁ&r?mmlf@; andi a0 n@écga%oﬁﬁtsebnxie%n o%arg et§ résjshi@dn nati ng

Condi ti ons enperature ressure 300 72F) 30 seconds
206Kpa (S(W)sead -wii 1eaDe IEVCQCF: ¥k Gvesheuaeired2ircliRberys@d@olyimer carger315C

5288?55. v REFgR %8%3&?%@%2%%% vo@%g%éi‘éd%ig%%%ﬁr BERES (o00r) a5

g (232 0 rc1: d? A i 61 1 O(Pﬁu(lgfiglcgmn)of alﬂkx@i&éﬁ a(tBOORspehSios essemblly rw@eo Kmhadifidpopsi ?27 GI(SE oy
(a00ps! ) GgrdniEssRrmfRRRri: eitdRXirhe itardf ppl @ ikt ABERERY, U100
Pol yrmer Fi thenflexu@P Plocessingeo broSEE therpaaemehiupResisivelldopen.Nomeolesl am nat i o n

B AR R LR P SRR, S LR
i mpr oned féx@wﬁ@hﬁpyotbnes@trt@dmﬁﬁge pattefya aevempmluhen eqsdeisonétbiefdil above,
2?;;? g.l a | % ill%re 5%?‘1 apvlfaglstcs) resv%ael%llle r];ccl)urxreg?)atpe%"ﬁe pro%gsrs ?sngmﬂér 15 tha d a liquid
described in United States Patent U.S. 5,145,553, After etching the stainless steel, a
flexure according to the present invention comprises a liquid crystal polymer having a
circuit pattern on one side and a patterned stainless steel support structure bonded to the
15 other.
Flexible circuits comprising a liquid crystal polymer film, and methods for
processing such a film, have been described herein. Film processing according to the
present invention improves the bond between 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.

25
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to provide an electrically insulating carrier for conductive traces forned
on the surface of 26 WO 03/077622 PCT/ US03/ 06423 the liquid .crystal

pol yrmer fwiom3wsieay either additive plating techni ques as degwdokec2zabove
or subtractive processing, also referred to conventionally as chem cal
mlling. Either method produces the circuit pattern needed for

i nterconnection of a magneto-resistive (MR) read-wite head to a hard disk
drive. As required the liquid crystal polymer carrier 5 may include

t hrough- hol es and rel ated voi ds produced as descri bed previously. Full
fabrication of a flexure for a tracecraﬂﬁ?oensi on assenbly requires

nodi fication of the stainless steel to renpove portions of the netal
t o produceWaatpatlheredesd support for the flexure. Processing to provide the

patternned Puppol{tonilsS%Aéerlngtelgﬂ%v\g.rislit .involves protecting the exposed
surfaée of "'t he ‘StEMTESDEHEEPMPETRE Ui ng a photoresist material. After 10

exposi ng t he phot or edilmhating afirst crelgat patddentface ofgpasét @ peondabhint on exposes
the netal foil tfhajt ill be etched away to reveal the required pattern.
The pr oces'?”’lteéiS‘gf."l”f"iei%ﬁgyl to that described in United States Patent U.S.

5, 145,553. After et almend fdileviizaithiklarss fsdneébym & 25uhe xdid eeal todlrfdithieg t o t he
present invention conpri.ses | i quid cryst pal r. havin ircuit
pattern on"gHé aé[éa% On‘giflcg“??ée?ﬂtséﬁﬁcéd’a’é‘f%gﬁ?@stg S@flﬁéﬁ e@ﬁﬁ%f’%e(&ufé%et ure
bolndem t]9_ (}sfh;eid ﬁhg t@f)lh)ﬁfde aE?ﬁi(éthhgh(ﬁiohcyﬁﬂ@m&@EﬂNi’c;,il:l,:’sgd&ﬁﬂxd ﬁm’tl;cﬂlq,r)ést al e
pol ymer fi . and netho roc such a fi Jhave be escri be
herein. Fi ?Pﬂl&ﬁl&&@%%{%e g@@#ﬁ@ g gf@kgg tojyress & Wem%kﬁgBWStisﬁ‘g&Wes t he
bond bet wegRerhperdthrss st rhmle GrodNSH0RNE k1 6580 that aeisd Ndvabegid fiien. preparati on of
additive conductive circuit patterns having through-holes and related 20
shaped voids fornmed therein at el evated tenperature using an agueous

et chant sop uti Ofhe coiP&ste nfferiakdtlclaith N, Wh@eifkdid Wirh boBpees ligli@clybat , 1 n |ight
of the present disclosure, changes ma be made to the enbodi nents
descri’bed Pféyrmrﬁlawpghé}mkna@ﬁ&m?%wr HPt he spirit and scope of the

present invention. 25 27 WD 03/077622 PCT/ US03/ 06423 dCains Wat is

clainmed is:
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
5. 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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5 1. Aconposite material conprising: a filmhaving a first etchant treated
surface opposite a second etchant treated surface; and a netal foil having
a thi cknew® BBroomed51li mto 25m said netal foil further hadrmgposvesdeeast one
acid treated surface having a bond to said first etchant treated surface
10 of said filmto provide a bond strength from5.6Ncmto 7.7Ncm said

bond  or ma((ij by A HF)Ldrg Po& Ia?lgﬁd%fisk%ri(@ &8 ﬂeJ&&&n%Rn@?%Pe}axBﬂat% %9195}3 gnégo press said

nmetal foil "agai'nst said t’enper at ur es a range 00C to 365C
that cause flow of sdild of alliquid 2rys@heelyusrpesi film hesingeifast ctvhandltegited 1, wherein

S C Lo SR eS8t LM ngl 6Bk surhde BRI TP NKL DGl CKOSS from

10mto 50 mat er erein said second
et chant trexmtlﬁadmguméeamerednasnda rret aI seeded Iayer t hereon. 20 4. The

conpogite material of g?ﬁegtn}e ai{bél avm nhlamlegs t{'o {o%gnt SE;[Ié %‘%F&p surface

and <aid second et éf fate"sre pro tc ng an
al kal i ne einetabfoil fiuther bphasitigstue ﬁadesataf suslhctedlalvmglalbdnd:to;sstdaﬂrstmmhyn‘rer film

sai d al kaline etchant. c ri.sing, an agueous,.sol tlon con ai nin from 40wt %
to 50wt % of st yLa ‘i%%%ﬁ‘&%%‘gb%"&y r?‘frgifr% %ﬁbﬁnfi RRICAI8 S fibi 1§ zer .

25 5. The edErash REOREP: &F 2 70K O td:ﬂraésmiamemeﬁlagmmstamd hamdlcqa;sxﬂ one acid
treated surface t he roduct of | yi d ther idacid
conpri si ngPARME qéﬂ@cﬁﬁéeng’d? a&thSdﬂaf%ﬁ?fth‘rﬁ%hgg‘? ﬁihﬁab‘@f‘lf ‘iw b%fé%d and 15%
nitrim aci fquidbryasl pAnkeAdh 7622 PCT/ USO3/ 06423 6. A flexure for a hard

di sk drive, said flexure including a | am nate conprising: a filmof a
liquid crystal polynmer, said filmhaving a first etchant treated surface

opposite aysecoryt mikGRIAEIalni 634 1RekS bhﬁd AGCetdaul tRgtedtsulfRashd @REseedriCt ri cal |y
conducting trace thereon; and 5 a sh aped netal foil havi ng‘aa t hi ckness from

151t m to 25hant ratedsyEpsEre Pfe@%ﬂts qfapwlym&ﬁle plEaling glehang tePRORIRE furfifes %dci d
treated SUEdcld’-ﬁ@ul@@ﬁﬁhtﬁ'ﬂm?yn@mntsﬁldsaﬁlaﬂné dtéimht ﬁm&ag an aq@a&segamuﬁf ace of
a

said |iquid cryst Im said bond forned pplication of a
15 containing from 40wt% to 50wt% of potassium hydroxide and from 10wt o to 35wt% of a

solubilizer.

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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force from 2060KPa to 2760KPa to press said netal foil against said liquid
crystal polynmer filmat tenperatures in a range from 300C to 365C t hat
cause fl owoaB/osmezl 10 |iquid crystal polyner film 7. The piClrassas/as405 cl ai m
6, wherein said first etchant treated surface and said second etchant
treated surface are products of applying an al kaline etchant to opposing
surfaces ofg Safl'gpdegéé'oqlcﬁfn){fj,tﬁl'thé?gl)%?ﬁéfingthé Sepsdi d al kal i ne et chant
conprising an aqueous solution 15 containing from40w % to 50w % of

pot assi um hydr oxi de selerding adigpid comtadpelpngsm9enst a  sol ubilizer. 8. The
flexure of claim 6, uhe/eh Aﬁtﬂ'ﬁgmg;melr Rt iR R aRE A tdhgRSroStiE bage s the
product of applying an~aci reto, said acid conprising an aqueous

sol ution cbatidémstelgpoBOt fibm hydnge Atsbetthantiedated surdace SPpasite p pesordétehany. A
process for.forim : [ ' [\ Si-mg: fe :

Pt ovi a ng. TofminR, B EARRAS lRar Bl Ble ARl Lok G FROR] ¢ o
surface ofpusi toé0at’s etpoidswmdiydmixiderandfron 19wi% axdSwi2oofprsolpbdizery a net al
foil having at |east one acid treated surface; placing said first etchant
treated surface against said at | east one acid treated surface; and
applying a force to press said netal foil against said filmat tenperatures
in arange from 300C to 365C that cause flow of said filmto forma bond
between said filmand 30 said netal foil. 29 WD 03/077622 PCT/ US03/ 06423

, 10. The process of claim9, further conprising the steps of: selecting a
liquid crystal polymer film and treating said liquid polynmer filmwth an
al kaline etchant to provide said Iliquid crystal polyner filmhaving a
first etchant treated surface opposite a second etchant 5 treated surface,
sai d al kaline etchant conprising an aqueous sol ution containing from 40w %
to 50w % of potassi um hydroxide and fromIOm%to 35wt % of a sol ubilizer.
30

30



