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dielectric constant filnms suitable for use in flexible circuit
applications and nore particularly to chem cal etching of flexible
conposites 10 including liquid crystal polymer (LCP) filnms. Background to
the I nvention An etched copper or printed polynmer thick filmcircuit
pattern over a polynmer film 15 base may be referred to as a texible
circuit or flexible printed wiring. As the name suggests, flexible
circuitry can nore. bend and resist wthout damagi ng the conductors to
permt conformty to different shapes and uni que package sizes. Oiginally
designed to replace bulky wiring harnesses, flexible circuitry is often
the only solution for the mniaturization and novenment needed for current,
cutting- edge el ectLAID ERISTAL @OLY2MERBIRUR FLEMNBEEJGIR GAAAS deal for
conplicated devices, flexible circuit design solutions range from

si ngl e-si ded conductive paths to conplex, multilayer three-dinmensional
packages. Commonly used dieIeCt%ﬁﬁdEf&g%R%i1o terials for flexible

el ectroni ¢ packagi ng i nclude polyin de, polyester terephthal ate,

random fi ber argdinteiich Rty M deddcdid SstanChmnoastabie 61 @&lih GRkiblglevi ce
design create the need for new materials with properties 25 surpassing the
el ect ri catircgdapphieailvne and maose pyasslpiy tedsatsal ietching of flexiblesgbpositases | i st ed

previgusly., For .exampl e, .a | owe i.electric constant allows faster

el ectl(rai C CigpﬁgéfqW@Wé?éP?l%Bmm%I performance facilitates cooling
for a package, a higher glass transition or nelting tenperature inproves
package performance at higher tenperature, and |ower noisture absorption
| eads to signal and data proceBsthmound thithghlavertrmh hi gher frequencies. 30
Polyimde filmis a comonly used substrate for flexible circuits that
fulfil the requirenents of conplex, cutting-edge el ectronic assenblies.
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, presents a limting WO 02/06423 1 JAN 2005
PCT/ USO0/ 3&588y be referrad to as a flexible circuit or flexible printed wiring. As the name
suggests, flexible circuliry can move, bend and rwist without damaging the conductors to
permit conformiry to different shapes and unique package sizes. Originally designed to
replace bulky wiring harnesses, flexible circuitry is often the only solution for the
miniaturization and movement needed for current, cufting-edge electronic assemblies.
20  Thin, lightweight and ideal for complicated devices, flexible circuit design solutions range
from single-sided conductive paths to complex, multilayer three-dimensional packages.
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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pol ymer f'igggﬁa\rii ng.a, tailored coefficient of 1 5 thermal expansion in the
X-Y di rect TSRS a2 RN ¢SS Boishae thappelimuls meuThese beneficiaprepertidss of
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circuit structﬂgeg _srpporte? ]F)J{one or nore layers of a liquid crystal
film substrat el “ASHFIPR & liaxial g diaxeali film progeimecertiqies icapanded t hr ee

| i | E-eS ] flexiple. circuits.|api d
ogetnor | Segseoflauta e BbnAR PR S! AL P Eatiai Liised T Bginhon es.
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use multiple solgderi ng. operations. Reference to Ing for t ormati on
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20 comibination of three or more layers of single or double-sided flexible circuits laminated
together and processed with drill and plating to form plated through-holes. This creates
conductive paths between the various layers without having to use multiple soldering

operations.

Reference to drilling for the formation of through-holes reflects the emphasis on
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physical methods such as mechanical drilling, punching, laser ablation and plasma drilling
for via and related circuit feature formation in liquid crystal polymer films. An alternative
to conventional drilling and related techniques for hole formation in flexible circuit
substrates was introduced as Y-FLEX™ by Yamaichi Corporation® Information describing
Y-FLEX™ presents it as a microvia flexible wiring board using LCP resin iusulation

30  material and employing an internal conductive bump layer connection. Interconnection of
Y-FLEX™ multilayer circuits occurs by conductive bumps penetrating through msluating
LCP layers without the need for through-holes.

(R



LCP l'ayers without the need for through-holes. 1) WD 02/06423 1 8 JAN 200805
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hol es and related shaped voids in LCP, there are no reports of chem cal

met hods for producing flexible circuits using liquid crytalline polyner
substrates. Chem cal etchant solutions for polyimde substrates are well
known for prodedticogh tie spodrgl pliydeabastddf bekhdl shovi heddiutSholDs AiRMBMES. as
shown in Europea PaL t | i cati on No, EP 0832918 Al, there is no single
et chant cd 8@" %51’1’1 §§aﬁ’|€ Y DefERATES Hgherira] Bphendt fospraducgifiexibéat ur es i n

all types:Rfuit BTgs! . ?ag@ l-ecti.on of etchant sol utions
depends ugonmtsﬁlgi%{agr I %F{sﬁlﬁls %orr g%?%%%s?icﬁlém Caé St E?Iﬁisgl&%%ﬁ @F m de. Al so
aqueous devigimidabliestpbetaes el hswdifst Iﬁtb&@dftﬁbh%fpldl}ﬁiﬁfdetﬂﬁﬁed’ﬂ&%lgH?EEESF ack of
etchant conpositions described in the published application 1
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f or mat i onfafprepisinggopeatiedpolyamide] Alseraguedusadvealopaitd photsrevitts diitemmet be

produced by, conventional ,physical nethods. Since some steps of physical
drilling B@(‘l?l ?18’1 HS%”&P@%&&@?‘F@W@WSFW&ﬁ@%ﬂbaﬁ’éﬁ% pv'éhsqujamwﬁqn set
apartldrompb@mgp flex circuit production line, there is a need for a

nore cost effective method for producing flexible circuits using liquid
crystal 20 pol Yaeingdesdssolhubtles thak folyintiés fibes afjild ol dobendriEmpeshosbon of

flexible ci rcu%}is i ncl udi ng . unsupported | eads. Sunmary of the I|nvention 25
The preseRt’*FH ﬁg?%ﬁeg'r‘&ﬁﬂé‘gl“ ingrrhspues s¥soms agd kpevn elshaisomppgifionsor

control | ab},g.8tLhH R of - gl of aped.,voids in fil
conprising liquid ﬁ%?y%?a@%ﬁ%%@éﬁﬁtgﬁ dacg‘b §{l@>%<) ?%HQ%C}W&%?‘F“‘E‘H{%EH; es.
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1> 7 romation of unsupported or cantilevered tead structures which cannot be produced by
conventional physical methods.
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

20 polymer substrates. A further benefit would be the provision of flexible circuits including

unsupported leads.

Surmmary 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
crystal polymers (LCP) as flexible circuit substrates. LCP films may be etched at rates
exceeding those currently attainable with Kapton polyimide fitm. This results from
adjusting the composition of the chemical etch solution. The new etchant makes possible
30  the altemative use of LCP film to replace polyimide as an etchable substrate for flex
circuit manufacture, especially high performance flex circuits. Chemically etched LCP

flexible circuits will meet the needs of more sophisticated electronic assemblies, satisfying
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to provide the etchant conposition suita or etching iquid crystal

pol yner atanalaverrpdeatsurml freomithOGgled ski2@alls which cannot be achieved using the
previously mentioned physical methods.
More particularty the present invention provides an etchant composition for a
20 liquid crystal polymer. The etchant composition comprises a solution in water of from
35wt.% to 33wt.% of an alkali metal salt, and from 10w1.% 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
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present invention to provide a flexible 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 35wt.% of an aikali metal
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
30  50°Cto 120°C.

The invention also includes a process for etching a pattem in a liquid crystal

polymer. Suitable process steps include, providing a liquid crystal polymer; applying a



Li quid crystal polymers nay be etched with etchant conpositions accdritidgl005
to the 2W(VXwéIRt invention to provide a flexible circuitpCcoopnigigag a
liquid crystal polymer film having through-holes and rel ated shaped voi ds
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pol ymer; exposing the photoresist to a pattern on t0 crosslink
porti ohs afout H@0Yhotitr asetshare xpropeitidrocdrineisizla sdlivdonh ianchtetSiff@naabsigvel oper

solution to renove unexpaosed photoresist. This exposes portions of the
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Descri pti desigfatddrmyporent i on 15 The present invention provides a film
substrate for flexible circuits capable of operating at higher frequencies

than currently available flex circuit substrates, particularly polyimde

films such as KAPTONT41 and | JIM._. At t ai.nent of hi gher frequency
per formance, in response toq%rl%elg@?ne% t]‘OSrOf?lé%ﬁé’Fméq“ectroni c devi ces,

results fromthe gradual devel opment of nethods for processing |iquid
crystal polyners that were once 20 considered to be relatively intractable.
A protess devel BpResien: igendionpeayidas Uhim sebsgrti fosflexible circuits capable of

operating at higher Tequencies than currently available flex circuit substrates, particularly
polyimide films such as KAPTONT and APICAL™, Attainment of higher frequency
performance, in response to the demand for faster electronic devices, results from the
gradual development of methods for processing liquid crystal polvmers that were once
20 considered to be reiatively intractable. A process development, described in United States
Patent 4,975,312, provided multiaxially (e.g. biaxially) oriented thermotropic polymer
films of commercially available liquid crystal polymers (LCP) identified by the brand-
names VECTRA® (naphthalene based, available from Hoechst Celanese Corp.) and
XYDAR® (biphenol based, available from Amoco Performance Products). Multiaxiaily
oriented LCP films of this type represent suitable substrates for flexible printed circuits
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and circuit interconnects. Characteristics of LCP films include electrical insulation,
moisture absorption less than 0.5% at saturation, a coefficient of 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 435GHz.

30 The development of multiaxially oriented LCP films, while providing a film
substrate for flexible circuits, was subject to limitations in methods for forming such

flexible circuits. An important limitation was the lack of a chemical etch method for use

Ln
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ori ented, thernDtroplc liquid crystal polymers as flexible circuit
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LCP film ate sess benefits of rocessed
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Negative photoresists suitable for use with liquid crystal polymers according to the
present invention include negative acting, aqueous deveiopable, photopolymer
20 compositions such as those disclosed in U.S. Pat. Nos. 3,469,982, 3,448,098, 3,867,153,

and 3,526,504. Such photoresists include at least a polymer matrix including crosslinkable

monomers and a photoinitiator. Polymers typically used in photoresists include

copolymers of methyl methacrylate, ethyl acrylate and acrylic acid, copolymers of styrene

and maleic anhydride isobutyl ester and the like. Crosslinkable monomers may be

[
W

multiacrylates such as trimethylol propane triacrylate.

Commercially available aqueous base, e.g. sodium carbonate developable, negative
acting photoresists employed according to the present invention include polymethyl-
methacrylates such as RISTON photoresist materials e.g. RISTON 4720 avatlable from
duPont de Nemours and Co. Other useful examples include AP350 available from
30 LeaRonal Inc. and PHOTEC HU350 available from Hitachi Chemical Co. Ltd. Photofesist
compositions using the tradename AQUAMER are available from Hercules Inc. There are
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hydroxi des, such as tetrame ammni ym hydr oxi de and ampni um 1 ,
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al um num hydroxi dec. g scal iy dnexbaer ALRunALer UBRT W JiNPHOgesses of
the invention dug to
preferred for producing a highly alkaline solution since KOH-containing etchants provide
optimally etched features in the shortest amount of time. One highly preferred
embodiment, uses potassium hydroxide at a concentration of from 43wt.% to 48wt.%.

20 Solubilizers for etchant solutions according to the present invention may be
selected from the group consisting of amines, including ethylene diamine, propylene
diamine and the like, and alkanolamines such as ethanolamine, propanolamine and the
like. Under the conditions of etching, unmasked areas of an LCP film substrate become
soluble by action of the solubilizer in the presence of a sufficiently concentrated aqueous

solution of e.g. an alkali metal salt. The time required for etching depends upon the type
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and thickness of the film to be etched and is typically from 30 seconds to 10 minutes.
Using a preferred etchant solution, of concentrated KOH and ethanolamine, the etching
time for a2 50 um (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
30 70° C(160° F) to 95° C (200° F).
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



sol ution saturation bel ow useful concentrations. Useful concentrati bAs/A§fll
t he et cha¥{P "286428ti ons vary dependi ng upon the thickness ORCTEAHSIBTRG il mto
be etched, as well as the type and thickness of the photoresist chosen.
Typi cal useful concentrations range from 15 35w.%to 55wt.% preferably
from40wt.%to 50m.% of a suitable salt and fromIOwm.% to 35wm.%

pref er abl atcih@m kSitio Yot &cliht Wontinpde BIWOL UbI S\ ZRIothahBinMBE pefvidieHd i s
preferred for producing a highly alkaline solution since KC]I—)I- cont ai ni ng

et chant s thranghdele angld efedboyt S1°dhabioftert théls cihinelaminheamcestratimodd wes t i ne.
One highly pr rred _enbodinent, uses potassium.hydroxid - U
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group consi sting of am nes, 1 ncluding ethylene diam'ne, propylene diamne

and t he |thketchamdohlikbanalcanisiesestie teasngtthannhgnthtomBoepds 6lGiitcne and t he

i ke. Under tohe,conditi ns.of etching, unnmasked areas of a CP film
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The time required for etthing S upon the typ& and thickness t he
filmto bshlatonh&dthesdlattsr dages, dad walld sfanfodgh Belepadsubgarktixllyipanrtllel. Using a
preferred etchant solution,_ of concentrated. KOH and et hanol am ne, the
etching tine flfmaneacym fefzt?@uw CYCRESRCEPILIAG 1 the BiRTORH IEEBAYSOMBIIFEAQ
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blind vias dependi ng upon the concentration of solubilizer in the etchant
and the tearietat applicaiony Agpoel seasaws of sgpgmry 2o dsscribed AUENYYSf 586 et chi ng.
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t hrough hol e an 0 "about e e ol"am ne concentrati on

of 15wt . YhaviRy SOWEmP4ric Milfhedeithadippenditd (20RIMORHAES [ GhreQiagdAsbed. of
side-wal | angle o_f about 35 to about 45. The side-wall angle al so changes
wit h & kafdpereedKuraray 6rmdef éanssemsingrsiapdarddamingtipg echwaues. dopiselivrihe such
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from 1 um to 3 um thick.
The thickness of the photoresist is from 25 um to 50 um. Upon imagewise
exposure of both sides of the photoresist to ultraviolet light or the like, through a mask, the
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

etchant solution, as previously described, at a temperature of 50° C to 120° C to etch away
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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 2-3% solution of an alkali metal hydroxide at 23° C to 80° C, preferably
from 25° C to 60° C. Subsequently, exposed portions of the original thin copper layer are
30  etched using an etchant that does not harm the LCP film, e.g., PERMA-ETCH, available

from Electrochemicals, Inc.



Modi fication of the angle of the side-wall is not possible using drill§l iAgl0
punchi ng WO 12a8¢x3 abl ation. In these |latter cases, the waptsushytksough

hol es are substantially parallel. The manufacture of flexible circuits
according to the present invention conprises 10 the step of etching which
may be used in conjunction wth various known pre-etching and post-etching

procedures. The sequent uch, procedures . be varied.as. desired for
the particul aﬁl %“p%”&“g? ipggnc_.egsA?l%eyaD Uear pg%gfagH%élhgﬁrgil%%grcr}gg}mg@&g cribed
as fol | owBothARE QDS s RRESIEd v La PUPIMALSISIN AlppLadiNakied spyeirdbot h si des
of a substrate having a polyneric film side and a copper “side {avail able

from W L. laGongirgridchaseuss. Tl subsBatg apanistani pelyeedy fiGorgpyer 86 pdajpaldf . wwsi ng
standard |anminating techni ques. Typically, the substrate has a polymeric
1 m | ave P01 Wb SRR coPgr TP R & G 40 HE eI PAJBIEOBER AR 11 om 1
urn tos S e.\{MngEa 5K bothN&idshb akResRenlzpt BELPRRE GhRRbAE L sWRaIE AR rdatiQe S04m
Upon i magew se exposure of both sides of the phGtoresist to uftraw of et

| i ght or thHeexpoded potivmudhharssss Khetihege B thaxjroslegedpoihiachbitoiquehe

phot or esi st. beco i nso] ubl e by crosslinking. The resist is_ then devel oped,
by ¢ enpv a5 SE %iewﬁe%e fpaes oaibpm%dfé@?é%@%taﬁwpp@r 1yer 5

0.5- 1.5% i : aﬂkﬁtt' i §ﬂg€*§4 : obt ai ned on
bot h si deqssstg%l %{E%&atlrog(r%i%}ﬁa? 1er. ’eérgza(r})pogg@{ssdlf e o 1{4?%29 mle{%lg'? géx{ognet hen
further peagiosed. tim akKiisred [4ykt okmpesus pHoneadistdt theh ddhingtedfovehthe FEH régidtm t hen
proceeds by placing.the |lamnpate in _a bath of 25 etchant solution, as

previ Hus| 91 fesopperedide aitd gossbigped by flped gposwredo a sadigiepnsougcedh OFleaity
v ’ _ . b
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then stri ppresdifneai ARl oisihdd8masidd) het cdvarddratiie civsdlirded réis aldthemetcidd an
al kali metal hydroxide at 25 C to 80" C, preferablﬁ from25 Cto 60 C
Subsequentii thexicha golsieniconiaingrs amekelr mgiahsalt and hCRoplybiizEnyidr are 30
et ched usil 2t Ghapt- o t . harm th CP fil I o --ETCH,
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PCT/ US00/ 34886 Hasicablaloheingteopsipaessibed he aqueous processible
photoresists are |am nated onto both sides of a substrate having a LCP
filmside and é{o(gmnn@h@:bpmdgﬁﬁgu@t@ﬁbaﬂﬂe circutts, interconnect bonding tape for

"TAB" (tape automated bonding) processes, microflex circuits, and the like, conventional
processing may be used to add multiple layers and plate areas of copper with gold, tin, or
nickel for subscqucnt soldenng procedu

20  interconnection.
The following examples are meant to be illustrative and are not intended to limit

the scope of the invention which is expressed solely by the claims.
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Experimental ‘
Experiments were conducted with three LCP materials described as follows:
Film A - a LCP/copper laminate ( W.L. Gore and Associates of Japan).
Film B - 2 LCP/copper laminate K-CT ( Kuraray Corporation of Japan).
30 Film C - a LCP/copper laminate R-OC { Kuraray Corporation of Japan).



| anmi nating techni ques. The substrate consists of a polyneric film | hfeNI&)
umto 1230 P23 thick with the copper |ayer being, from PCOmigeo/3#86m
thick. The photoresist is then 5 expos. -d on both sides to ultraviol et
l'ight or the like, through a suitable mask, crosslinking the exposed
portions of the resist. The inage is then devel oped with a dilute aqueous
solution until g | - | . .am nat e.
The copper Ia;/fgrg%&Jihéﬁétj ﬁ@%&fé{?@tﬂég%{sgal gg@g’%e%evg?f%al?%g}@a%g%@? %glgestll of the
pol yrer i gaduigeo disssivbadimeof esepesethol Wnerdfl dh ktcham soldywal Fioh AA0de Quther
photoresist is then | am nated over the first resist 10 on the copper side
and cr os$¥stadkdasebiing nes ragpesUcacts fatyrayiang taiss eeatekliinn Feldat sqlation
protect expose Xrerie filmsurface (on the copper. side) fromfurther

Bt ohi ng. PAVERERE Sl TRty e B sl e nA SR RREFS) “hbd Tover od byt he
crosski nkadsfe&sisitciang abh%ﬂp&kﬁﬁ@d with the etchant solution containing an
al kali nmetal salt and LCP solubilizer at a tenperature of -()= Cto 120 C
and the photoresists are rhifugnalipsplednincowr bvadk dithiesisi.th 1 5 a dilute
basi c sol ution, as previ ogs@éﬁgeﬁﬁ%{i bed.f To create finished products such
as flexible circuits, inter S BHREHTPEPe for "TAB' (tape automated
bondi ng) processes, mcroflex circuits, and the |Ii ke, conventional
processing may be used to add nmultiple |ayers and pl ate areas of copper
wi t h gol EtcltaphSolotionsi ckel for subsequent sol dering procedures and the like
as required f el i.abl e device ..20 i nterconnectiaqn, The foll ow ng exanpl es
are flant to b[fﬁ BTS00 FRMERE AR O TR LHRTS b YRR aCCPHﬁ”ng_?%@@ of

the i Dveﬁgéseﬁt MR 8% egm§§g&ﬁﬁ%@k@&)&%@@%@gﬂgm&@p@sr i ment al

Experiments were conducte t hr CP escribed as foll ows:
FilmA - campCRiicnpPerCH thmi gateeal[WId notGatisty anplirdssotsifat bpndtrydmapfbh. Film B
- a LCP/copper lamnate K-CT (Kuraray Corporation of Japan). 30 FilmC - a
LCP/ coppét® inate R-OC (Kuraray Corporation of Japan). 9 1 8 JAN 2005 WD
02/ 06423 PCT/ US00/ 31586 The etching rate of liquid crystal polyners was
estimated by determning the tine

13 Table 1 - Etchant Solution Composttions 1-8 and C1-C6
| Etchant Solution Composition - wt.% |
j %EA* /Y%K OH/%Water f
| 1 20/40/40
| 3 33740127

3 10/45/45
4 20/45/35
5 19.3/48.2/32.5
6 10/50/50
7 20/38/42
S 15/44.7/40.3
C1 21.5/31.2/46.9
r C2 33/33/34
- e
C3 15.7/33.7/50.6
C4 17.6/35.6/45.8
Cs 0/40/60
i Co 0/50/50

*EA = EthanolamineKOH = Potassium Hydroxide

10



required to dissolve a filmof a selected polyner in an etchant solLfiJéh 2003
FilmA wa® 3%t tested for etchi ng performance of circBCT/USenilases

usi ng resi st coat ed film Etchant solution performance was visually
assessed using a ranking schene wherein 1 = 5 Satisfactory etching and
appearance. 3 = Margi nal performance or attack of the resist. 5 =

Unsati sfactory perfornmance Etchant Solutions 10 Table 1 shows the
conposith_ns of et hant sol.utions 1-8 swtabl e, accordl ng to the present
i nvent i on+&§ ignd fryatal Pobmney Film, 8¢ wionss wel | as
conposi tions Cl-C6 that general I y do not satlsfy reqw rements for liquid
crystal film etching. 15 Table 1 - Etchant Sol ution Conpositions 1-8 and
Cl-C6 Etchant Sahiplésost S0QRPESH Hily Ehick Lua/fcr}&/ﬁﬁ %% LR « 1cRA0RAQL 40
310/ 45/ 45 420/ 45/ 35 519. 3/48. 2/ 32 5 610/ 50/ 50 /38142 815/ 44.°71'40.73

Ol 21. 97 31 VFFYBibTgsBias mat gution/ceatales 0 61 E4lant AB5ThY HBrase DAT S0

G607/ 50/ 50 ¢ Fehhe wﬁtr{:{%ﬂ?allﬁie%mat%%l’@;nd' thlze)(%ltrﬁiesgfasu rrgccl;lbéled Y CESSOIUIIOH of film samples

in the etchant solutions shown in Table 1. Times exceeding about 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

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

Testing Conditions for Resist Coated Liguid Crvstal Polvmer Film

Two lavers of 50 um thick aqueous resists. available from DuPont under the

—
12

tradename RISTONT 4720, were laminated with heated rubber rolls to a flexible
substrate consisting of 30 um (2.0 mil) of LCP film on ore side and copper on the other.
The laminate was then exposed with ultraviolet (UV) light through a phototool or mask on
each side and developed with 0.75% aqueous solution of sodium carbonate on both sides
to obtain desired image of circuitry. Copper was then plated on the copper side of the

20 laminate to 35 um in thickness. The LCP side was then etched by dipping into an etchant
bath containing one of the compositions listed in Table 1. The temperature of the etchant
bath was controlled at 85°C (185°F). Each resist was then washed with water, and the
resist was stripped with 2.5% KOH at 25°C to 85°C. The condition of etched films was

evaluated to determine etchant performance with Film A as recorded in Table 2.

Table 2 - Solution and Etchine Times for Film A

Etchant LCP | Time (min) | Time (min) Etchant
Solution Film Film Only +Resist ( Performance
1 A 6.3 | 8.5 I
2 A 1.6 I 5.0 1

11



10 WO 02/.06423 1 8 JAN 2005 PCT/ US00/ 31586 Testing Conditions. for LiBolANd005
Crystal é&@ﬁ‘@f‘”ﬁ | mSolubility in Etcliant Solutions San%FgQJSSS'I’/?"?ﬁ%nZ (2.0

ml) thick liquid crystal polymer film Icmx lcr.-: square, 5 were
subnerged in etchant solutions contained in an etchant bath. The
temperature of the etchant was maintained at 85C apd the tine was recorded
for dissolutipn of ¥ilm sanples in4t5he et chaht.Osol uti ons 3shown ijn Tabl e 1.

Ti mes exceedi abept—10-m-Rgtes—nRgi-catepoor g—e%c yant—perfoervance.
Al t hough sone etchdﬁt mxtur"é rapi ‘éf di gsol ved the |iquid crystal

pol ynmer sanpl FS; They o Nof perfohm Vel Fwhen The[l rquirg crystal pol yner

l

was coated 10 vm'th ‘an agueous devel opabl e)fil mresi st material (see Table 2
solutions C1-{4). Tgesting Conditions.(for Resist> Coated Liquid Crystal
Polyrrer FilmmTwo_ lavers of 50 umthick jeous __rncl st available from
DuPont under the 1% tradenake R STON T'I|472®3 wer e | amifated wilth heat ed
rubber rolls te—a+ftlexibte—spbstrate—consistingof—50—tni—(2-0ml|) of LCP
filmon one side arfti copper ‘on the ofher.| The 1anipate was then jexposed
with ultraviolet TBY) rght fhrpugh 4 photot oog or fmask ors each|side and
devel oped with 0. 75% aqueous solution of sodium carbonate on hoth sides to
obtain desired image of circhitgy. @obper was Gtihen pl at ed Jon t he |copper
si de of the 201ampateto--35—tmin—thi-ekness 0||C -cP—st+de—was—then et ched
by di pping into ancé't chant fbat ' comtai ni #19 0;119;‘ the conmpositiqgns |isted
in Table 1. Thetepgerature pf—tThe grEhan egﬁwa, contrprred gt 85C

V]

I

(185F). Each resist”was then washed Wth water, andithe resist Jas

stripped withi2.5%3s0H at] 25€ t © 8505 .4Thecondi-ti onj{of etched fil|ms was

evaluated to determne etchant perfornmance with Filn d in Tabl e
2. 25 Table 2!- Solifti on gndAEt ¢hi ng4$i rre; for -Fi | m|A Etchant LCP |Ti me (min)
Tine(mn)EtcPﬁ—&m—Sﬁ-FufF@E-Hﬂ—m—FEH—m-eTkﬁRe?i—ser -3 S.51 2A

11.6 5.0 11

Table 3 - Solution and Etching Times for Film B

LA

Etchant LCP | Time (min) | Etchant
Sotution 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 142 5
C3 B >35.0 5
C4 B >30.0 5
C5 B 72.0 5

Table 4 - Solution and Etchine Times for Film C

12



WO 92/ 06423 PCT/ USO0/ 3158 8 JAN 2005 3 A4.511.0 3 4A2.4 5.51 5A2. 4 1 611 2005
A3.06.5 1WPRVEIH1 S A-6.01 O A4. 0105 C2A2. 76. 53 C3A5. 210.F3/ (2159, 55
CSA26. 4-5 C6A24.6-5 Table 3 - Solution and Etching Tines for FilmB,

Etchant LCPTine (mn) Il Etchant B3.2 B5.5 4B5.01 6B2.21 C1B>35.05 C2B14. 25
C3B>35. 05 C4B>30. 05 CSB>72.05 Table 4 - Solution and Etching Tines for Film
C 12 WD 02/06423 1 8 JAN 2005 PCT/ US00/ 31586 Etchant

| Etchant LCP | Time (min) Etchant

! Solution Film Film Only Performance

; 2 C 3.3 1

] 3 C 3.7 1

: 4 C 3.2 i

| 6 C 23 1
Cl1 C >33.0 5
C2 C >10.0 5
C3 C >6(.0 5
C4 C >30.0 5
C5 C >72.0 5

A flexible circuit comprising a liquid crystal polymer film having through-holes

(&)

and related shaped voids formed therein at elevarted temperature using an aqueous etchant
solution has been deseribed herein. It will be appreciated by those of skill in the art that, in
light of the present disclosure, changes may be made to the embodiments disclosed herein

without departing tromn the spiiit and scope of the present wnvention.

13



LCP Time (nlin) Etchant SolutionFilnfFilni OnlyPerformance C3.51 3C5.1.4LjAN 2005
4C5. 21 6C?. 31 C1C>35. 05 C2C>10. 05 C3C>60. 05 C4C>30. 05 C5C>72.05 A flexible

circuit conprising a liquid crystal polyner film having through-holes 5 and
rel ated shaped voids fornmed therein at el evated tenperature using an
aqueous etchant solution has been described herein. It will be appreciated
by those of skill in the art that, in Iight of the present disclosure,
changes maybe nade to the enbodi nents disclosed herein wthout departing
fora the spirit and scope of the present invention. 13 1 B JAN 2005 CLAI M5

1. Afle é*%hg circuit conprising: a liquid crystal polymer film having
solubility § et chant conposition, at tenperatures from about 50C to
-about 120C, said liquid crystal polyner filmhas through-holes and rel ated
shaped voids forned therein using said etchant conposition conprising: a
solution in water. of from about 35wt.% to about 55w .% of an al kali netal
salt; and from about OMm.%to about 3 5wt.% of a solubilizer dissolved in
said solutiaqn. ﬁ\ f|eXJ bl.e circuit of claim1l wherein the solubilizcr is
sel ected fr oﬁ1 t heA exible circuit comnprising:
a liquid crystal polymer film having solubility in an etchant composition, at
temperatures from about 50°C to about 120°C, said liquid crystal polymer film has
through-holes and related shaped voids formed therein using said etchanf
composition comprising:
a solution in water of from about 35wt.% to about 55wt.% of an alkali
metal salt; and
from about 10wt.% to about 35wt.% of a solubilizer dissolved in said

solution.

2. A flexible circuit of claim 1 wherein the solubilizer is sclected from the

group consisting of amines and alkanolamines.

3. A flexible circuit according to claim 1, said solution containing from about
40wt.% to about S0wt.% of said alkali metal salt.

4, A flexible circuit according to claim 1, said etchant composition containing
from about 15wt.% to about 30wt.% of said solubilizer.

5. A flexible circuit according to claim 1 wherein said temperature is from
about 70°C to about 95°C
6. A flexible circuit according to claim 1 wherein said alkali metai salt is

selected from the group consisting of sodium bydroxide and potassium hydroxide.

7. A flexible circuit according to claim 1 wherein said solubilizeris
ethanolamine.

14



group consi sting of am nes and al kanolam nes. 3. A flexible circuit
according to claiml1, said solution containing fromabout 40w. % t & Sathg il
50m % of said alkali netal salt. 4. Aflexible circuit according to claim
1, said etchant conposition containing fromabout 15w %to about 30wt . % of
said solubilizer. 5. Aflexible circuit according to claim21 wherein . said
tenperature is from about 70C to about 95C 6, A flexible ci rcuit according

to claim1 wherei kal i taI sel.ected fromthe group

consi ot 1 ng o sodh SR AHebR PEFEhEFo SR ki i LRIt PORTF o bl e
circuit aCCOﬁmﬁQattﬁm%ég ffom dﬂg@ﬂ‘glﬂﬂ, wDabsht33mpi | i zer is ethanol am ne. 14
1 8 JAN 7005 3. Aflexible circuit according to claiml| wherein said . liquid

crystal polyner filmhas a thickness fromabout 25rn to about 125pxn.. 9.

Bolyner it s A TERE Al et Pl an T ikt S bR i o
ci rcuit accofish tsgrhuiumtwmymﬁbnm obtnibrﬁ&hd liquid crystal polymer filmis a

biaxially oriented polynmer film 11. A flexible circuit according to clai'm
"1 including at | east one unsupported cantilevered |lead. 12. A flexible

circuit accoygli ”QAthxfbheadﬂEhitabd%FdMo%xﬁt%lf‘e?e?ﬁqa@d‘ﬁt cQuaihdithe  having

non-paral |l el _angl ed sidewalls |l exi b circu I'ng to claim12
wherei n sai dﬁmglaéﬂﬂﬂﬂ&e@mhdphbmﬁm angl e from about 25 to about 55,

said angle increasing with concentration of said alkali netal salt from
about 35wt.% to about 55w .% of said etchant. 14. A flexible circuit

accordi ng toltl ai AnfleRibkhdrcaitacoeding @rfdind isdodngdtieastdiecanappotedyl € from
about 250 to ag}%&) ﬁﬁeg? glnen said etcbant contains from about 1OM.%to
about 15wt . @61 ubi | i zer, said angle increasing fromabout -35 to
about 45 when said etchant contains fromabout 15wt.%to about 30wt . % of -

said solubilizer.
12, A flexible circuit according to claim 1 including at least one through hole

having non-parallel angled sidewalls.

13. A flexible circuit according to claim 12 whereijn said angled sidewalls have
ap angle from about 25° to about 55°, said angle increasing with concentration of

said alkali metal salt from about 35wt.% to about 55wt.% of said etchant,

14. A flexible circuit according to claim 12 wherein said angled sidewalls have
an angle from about 25° to about 35° when said etchant contains from. about
10wt.% to about 15wt.% of said solubilizer, said angle increasing from about 35° .

to about 45° when said etchant contains from about 15wt.% to about 30wt.% of
said solubilizer.

15. A flexible circuit according to claim 1 wherein a through hole forms in said
flexible circuit during contact with said etchant composition for a time of about 30

seconds to about 10 minutes.

16. A flexible circuit according to claim 15 wherein said time is from about 2

miputes to about 7.5 minutes.

15



15. Aflexible circuit according to claim1 wherein a through bole fPﬂ']ENiZUBE
said flexible circuit during contact with said etchant conposition for a
time of about 30 seconds to about 10 m nutes. 16. A flexible circuit
according to claim15 wherein said tinme is from about 2 mnutes to about
7.5 mnutes. 15 1 8 JAN 2005 1.7. A process for etching a pattern in a
liquid crystal polynmer, conprising the steps of providing a liquid crystal
pol ymer; applying,a | ayex of, photoresist . to said |iquid crystal polynmner;
exposi ng thei%hot‘é‘rpé%ﬁ%ﬁ {of .Btcglgﬁétpf“@?’?l"bﬁ hquidisrastalpelymsr sempRsingitoe por t i ons of
t he photor egegdofexposed to the radiation; renoving unexposed photoresi st
using a. developer solution to expose portions of said liquid crystal

pol ymer; and contRfeYiding ssligui erystelinglymeysst al pol yner with an et chant

conposi tion, conpfi. 0. jon. | er. of om about 35w .%to about

55wt . % of an al kaﬁpﬂl‘%? %a?eioﬁ{pﬂ?{o?ﬁﬁi %ﬁ%ﬁhl&%&ﬂ%@ﬁﬁw 0 about 35wt.%of a

sol ubi | i zer di ssoéxpesing thegrhbBresisotol jacttmtod radivh €ecrdRifk SORPRANYS ONPOSI ti on

for etchi ngSEsb%i dI P%Hi on§ Ot% Sadiid' liquid crystal polyner at a tenperature
1ESIRisERYeed Rofigradiast

f rom about O™A process according to claim17 wherein
.the solubilizer iﬁnﬁﬁn@@b%g&é@ﬂ&d}&' t GERHP 1R RIS bS] m _nes and
al kanol ai nines. 19. A process accortltlsi ng‘ﬂéjo cl Q?En‘f‘%b’%ﬁ%g%’ﬁ%ﬁsﬁ he liquid
‘crystal pol yPRIHoRsfFaid iguidsaystsl palyoker;and | exi bl e circuit. 20. A process
according to cl ai # J: €« i ont ai.pi n rom aboyt 40wt.% to about
50wt . % of said al({?g#alz I#é%é ]'@'g(# %i%pp&ymerm i uchlt composition

comprising: . -

a solution in water of from about 35wt.% to about 55wt.% of ax alkali
metal salt; and

from about 10wt.% to about 35wt.% of a solubilizer dissolved in said
solution to provide said etchant composition for etching said portions of seid liquid
crystal polymer at a temperature from about 50°C to about 120°C.

18. A process according to claim 17 whetein the solubilizer is selected from the
group consisting of amines and alkanolamines.

19. A process according to claim 17 wherein the liquid crystal polymer forms a
portion of a flexible circuit,- . '

20. A process according to claim 17, said solution containing ﬂom about
40wt.% to about SO'w'p.% of said alkali meta] salt
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