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Field of the Invention The invention relates to |ow dielectric constant
films suiw@bl/e4tdr use in flexible circuit applications POTUSEVIHESS6
particularly to chem cal etching of flexible conposites 10 including
liquid crystal polynmer (LCP) filnms. Background to the Invention An etched
copper or printed polynmer thick filmcircuit pattern over a polyner film
15 base may be referred to as a flexible circuit or flexible printed
wiring. As the nane suggests, flexible circuitry can nove, bend and tw st
wi t hout damegi ng the conductors to permt conformty to different shapes
and uni que package sizes. Oiginally designed to replace bulky wring
har nesses, flexible circuitry is often the only solution for the

m niaturization and novenent needed for current, cutting-edge electronic
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dielectric filmbase materials for flexible electronic packaging include
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chloride. Ch es in electronjc device desi crea t he need, fQr new
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| ower dielectric constant all'ows faster electrical signal transfer, good

t her il peelpdingdiquid drusel polanedLESHAImy for a package, a higher gl ass
transition or nelting tenperature inproves package performance at higher
tenperature, and | ower noisture absorption |leads to signal and data

processi ng at hi gher and highqhmk%@qmgaﬁhe&n@&&nPolyinide filmis a
comonl y used substrate for flexible circuits that fulfil the requirenents

of conplex, cutting-edge electronic assenblies. The film has excell ent
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maj or drawback to further progress using polyi.mde filmrelates to the way
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f r equency,cd@Mic6Rformity 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, cutting-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 éignal 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



performance. H gher frequency operation will require the identification or
devel opnent of 5 substrate materials with | ess susceptibility to noisture
absor pti omo okoqged d crystal polymer (LCP) filnms represent BOTASW/3a5$eat eri al s
as substrates for flexible circuits having inproved high frequency
performance. Generally they have lower dielectric |oss, and absorb |ess
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circuits lam nated together and processed with drjll and pl at| ng to form
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techniques for producing single layer or multilayer circuit structures supported by one or
more layers of a liquid crystal film substrate. A multilayer flexible circuit is a
20  combination 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
25  physical methods such as mechanical drilliﬁg, 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 insulation
30  material and employing an internal conductive bump layer connection. Interconnection of

Y-FLEX™ multilayer circuits occurs by conductive bumps penetrating through insluating

LCP layers without the need for through-holes.



WO 02/ 06423 PCT/ US00/ 31586 Al t hough the several physical nethods outlined
above produce holes and related shaped voids in LCP, there are no reports
of chem owd oretsbdds for producing flexible circuits usinpCTAUqeIH586
crytalline polynmer substrates. Chem cal etchant solutions for polyimde
substrates are well known for production of polyimde-based flexible
circuits. 5 However, as shown in European Patent Application No. EP 0832918
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an etchable sybstrate for flex circuit manufacture, especially high
per f or mn@@v?ﬁwatﬁ}yéﬁﬁf@?&?ﬁ%em cally etched LCP

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.

Summary of the Invention

25 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 film. This results from
adjusting the composition of the chemical etch solution. The new etchant makes possible

30  the alternative 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



flexible circuits will neet the needs of nore sophisticated electronic
assenblies, satisfying 3 WO 02/06423 PCT/ US00/ 31586 new opportunities that
exi st bewond2/odies capabilities of polyinmde and LCP fil m pror@seedsseusi ng
drilling, laser ablation and related conventional physical nethods. The

hi ghl y al kal i ne devel opi ng solution, referred to herein as an etchant,
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More particularly 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 55wt.% of an alkali 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 50°C to 120°C.
Liquid crystal polymers may be etched with etchant compositions according to the
25  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 55wt.% of an alkali 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 pattern in a liquid crystal

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



salt; and fromIlOm.%to 35wt.% of a solubilizer dissolved in the solution
to provide the etchant conposition suitable for etching the liquid crystal
pol ymer avoa2o@eperature from 30 50C to 120C. The i nvent POVUSsdE5$6ncl udes
a process for etching a pattern in a liquid crystal polyner. Suitable
process steps include, providing a liquid crystal polymer; applying a 4 WO
02/ 06423 PCT/ US00/ 31586 | ayer of photoresist to the liquid crystal
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hi gher f nemgepriyescHifiachrigiant |y available flex circuit substrates,
particularly olyimde filnms such as KAPTONTM and API CALTM Attai nnment of

hi ghdf f r equerfssused defei athAseunts fchidsd snperceniagen scfgeioarightarereabefey
el ectroni ¢ _.devi Its fromthe gradual devel opnent of nethods for
pr ocessi n%ﬂglﬁéc/fh(?g&h &g IfEliI pol ymers that were once 20 considered to be
relatively intractable. A process devel opnent, described in United States
Patent 4,975,312, provided nultiaxially (e, g bi axially) oriented

@

t hermotropi ¢ pol ymer i | meP%ileddgseriedon efyhenyentil e 1i quid crystal
pol ymers (LCP) identified by the brand- names VECTRA(r) (naphthal ene
based, avail able from Hoechst Cel anese Corp.) and XYDAR(r) (bi phenol
basedS avai | alilte present iwedmnReovidesmalidte sPhsicitecios flexibld diicaits edphhle26 ori ent ed
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polyimide films such as KAPTON™ 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 polymers that were once
20  considered to be relatively 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). Multiaxially
25  oriented LCP films of this type represent suitable substrates for flexible printed circuits
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 45GHz.
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



and circuit interconnects. Characteristics of LCP filns include electrical

i nsul ation, noisture absorption |less than 0.5% at saturation, a
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pl ated t hrough holes, and ,a dielectric constant not to exceed 3.5 over the
functional frequency range of 1kHz to 45GHz. 30 The devel opnent of
multiaxially oriented LCP filnms, while providing a film substrate for
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crossl i nkakkRlling or delamination from the LCP polymer film.

Negative photoresists suitable for use with liquid crystal polymers according to the
present invention include negative acting, aqueous developable, 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

25  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 available from
duPont de Nemours and Co. Other useful examples include AP850 available from

30 LeaRonal Inc. and PHOTEC HU350 available from Hitachi Chemical Co. Ltd. Photoresist

compositions using the tradename AQUAMER are available from Hercules Inc. There are



nononers and a photoinitiator. Polynmers typically used in photoresists
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35wm . %to . % preferablyfrom40wt oto 50wt .% of a suitable salt and
fromIISONt35%t%@ 35wt Yooprefrafle frat @Owtr%rﬁ@ i@w Yomftacudahie sal @ﬁd J%iodeOW[ﬁl4| zer.

T, 52, 3 2S5 AL % BN P NI 18! SRRtk Lom, oree
anmount  ofpréfefed féaPRodictt ¥/hiph§Tagitali@d 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

25  solution of e.g. an alkali metal salt. The time required for etching depends upon the type
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 a 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



enbodi ment, uses potassi um hydroxi de at a concentration of from43wm.%to
48wt . % 20 Sol ubilizers for etchant solutions according to the present

i nventi owomyodaes sel ected fromthe group consisting of aPCTVEsQ0/i1ssl udi ng
et hyl ene di am ne, propylene diamne and the |ike, and al kanol am nes such
as et hanol am ne, propanolamne and the |like. Under the conditions of

et chi ng, unmasked areas of an LCP film substrate becone soluble by action
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I'ng” proce e sequence o

such 187 ocraga £f1 KewirayeCorpr dfddpas, wisd statdlafdlemitueing pechhiques. dlypapliy.itbat i on. A
typi cal sequence of steps nmy_ be described as follows: A ueoug }pr%cessi bl e
phot or esisybsTate bas apalyaere 1By &yehet ow2geen By 12 Wipwith fregopper layer beng

from 1 pum to 5 pm thick.
The thickness of the photoresist is from 25 pm to 50 pm. 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
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 layer are
30  etched using an etchant that does not harm the LCP film, e.g., PERMA-ETCH, available

from Electrochemicals, Inc.



having a polyneric filmside and a copper side (available fromWL. Core

and Assoc. of 15 Japan and Kuraray Corp. of Japan), using standard

| am nat i mgO vEedaps ques. Typically, the substrate has a pol paeus@/fisdem | ayer
of from25 urn to 125 gm wth the copper layer being froml gmto 5 gm

thick. The thickness of the photoresist is from25 gmto 50 gm Upon

i mgewi se exposure of both sides of the photoresist to ultraviolet |ight
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becone insol ubl'e by crosslinking. The resist i's then devel oped, by renoval
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pr evi 6uslexpdedemitodidsides toallrasiplet light pretheflikeghough aspialde mpslerceosshaye

portions of the LCP.pol r._no quer ed. t L ist. This
exposes ctg? ?’ﬁoﬁe&%%ggs %ﬁﬁ? ﬁegls&)' i haEe I[S%%[er? %gﬁ%éfgé é@e@;ﬁ RU[%%I%F é%sl st is
then strig@pedniunanadptd psidasarebbiaifd dndstdade dfmhalatribite.SiHebppst 1afer an
al kali metal hydroxide at 25 Cto 80 C, preferably from25 Cto 60 C

Subsequeris Hen etghed teebtpigraiiceitey. aid parEorighapelymgiin layspihus besis are 30
t ched i t t i i - ETCH,
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al t erjgat enphecggkr sidbandooesiiiked by lessd etyosupho boadistiat ®uareanloater mt ed ont o
both sides of a substrate having.a LCP_ film sij eb’%nﬁ(lj’s{% ﬁ%pefg%rl si de, LiLsi ng
st andar d PIPighi S¥aPTedolaRein e uriapgs fonthp sopngr sidghiemdiuhegetching, ASpAsAtc i m
| ayer 25 | S i PG BRI @BRd0 40 gm
t hi ck. Thtg%%@?%rﬁgggﬁ?t(mﬁgﬂet S#I%Séifgg%‘@g@g‘ﬁ; the ExRLIAS to ultraviol et |ight
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coppeis | ay@iute bsid BRidE shpdvicdsiQledibegi rcuitry, and portions of the
pol ymeric layer thus becone exposed. An additional |ayer of aqueous

phot or esi st i sTa ¢reate faishad pediuots snch asdlexitie eirguitsi intera@ingef honding daseer si de
and cros S"’IiAr}g‘ e&ap%%u{olrr?a{%gd g())(r%ci)gg"j rp?octegseg, thi? c;ff‘eg(ic?r@ui?s? YL& e lﬁ(e%o%%nt}o%al
processing may be used to add multiple layers and plate areas of copper with gold, tin, or
nickel for subsequent soldering procedures and the like as required for reliable device
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.

25
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 - a LCP/copper laminate K~-CT ( Kuraray Corporation of Japan).
30 Film C - a LCP/copper laminate R-OC ( Kuraray Corporation of Japan).



protect exposed polyneric filmsurface (on the copper side) fromfurther
etching. Areas of the polyneric film(on the filmside) not covered by the
crossl i nked oz/egest are then etched wth the etchant sol uPCDUS@@E® ni ng an
al kali metal salt and LCP solubilizer at a tenperature of 70 Cto 120 C,
and the photoresists are then stripped fromboth sides with 15 a dilute
basi c solution, as previously described. To create finished products such
as flexible ci mat ed
Bondi ng) pr ocousen e tol SHRRANESHaDRNAT BRRinAy by BESminge it
processi megquiry thdisssieel atﬁhnaufd sedetted pblynieayreasetalnant pdlatien. Ailend vods fodlgrer

wi th gol tin, or. nickel for .subseguent sol der.in and the |ike
as requi g‘ég&“if @F etrcéﬁnlg(mr HeRRe g C]f%)mf% S IRmsdET! trf% t‘%ﬂgﬁlf‘o#{ g%}tﬁ P@)?ﬁnpl es
are neant, eﬁenﬁﬁmbkx}auwuahyu@se@e@uﬁhga@ﬁnqﬂgwma%dvﬁe%lﬁI nt j+he scope of
the invention which is expressed ely by the clainms. 25 Experinental

Exper Prerftatisfaetory dolridgenédppdatance.hree LCP material s described as foll ows:
FilmA - a LCP/copper | te Ci s of Japan). Film
B - a LCP/copper |am natagen Q\% léalkff:f% r%%?gts?%l T %IS%Japan) 30 FilmC
- a LCP/ copper |am nate R=QmdaKsmabaypecifpaict i on of Japan). 9 WO 02/ 06423
PCT/ US00/ 31586 The etching rate of liquid crystal polyners was estimted by
determning the time required to dissolve a filmof a selected polyner in
an etcharﬁtc a%w&lhﬁgns FilmA was further tested for etching performance of
circuit f*eallim—es—us-r'ng resist coated film Etchant solution performance
was Miosual |y al%BSBﬁd)WISﬂhagompdimsmﬁe&hh’t&mBIMBS BJSrBuﬂtablE dSadrdifydo ther y

5 < UnaareraaREy PRt HRHED BEBAGHIY T GHOTIS A8 REVEl Shows (he
ol L A0Sl A 0 4 DTS
etching.
15 Table 1 - Etchant Solution Compositions 1-8 and C1-C6
Etchant Solution Composition - wt.%
%EA*/%KOH/%Water
1 20/40/40
2 33/40/27
3 10/45/45
4 20/45/35
5 19.3/48.2/32.5
6 10/50/50
7 20/38/42
8 15/44.7/40.3
C1 21.9/31.2/46.9
C2 33/33/34
C3 15.7/33.7/50.6
C4 17.6/35.6/45.8
Cs 0/40/60
C6 0/50/50

*EA = EthanolamineKOH = Potassium Hydroxide

10



conpositions Cl-C6 that generally do not satisfy requirenents for
crystal film etching. 15 Table 1 - Etchant Sol ution Conpositions 1-8 and
Cl- C6 Et ohanroed ut i onConposition - wt. % %EA*/ YKOH %NAt er PAPOSENDY 1855

233/ 40/ 27 310/ 45/ 45 420/ 45/ 35 519. 3/48. 2/ 32.5 610/50/ 50 720/ 38/ 42
815/44.7/40.3 C1.21.9/31.2/46.9 C233/33/34 C315.7/33.7/50.6

C417. 6/ 35.6/45.8 C50/ 40/ 60 C60/50/50 *EA = Et hanol am neKOH = Pot assi um
Hydr oxi de 10 WD 02/ 06423 PCT/ US00/ 31586 Testing Conditions for-Liquid
Crystal Pol yrrer F| Im SoI ubi | | ty in Etchant Sol ut ions Sarrpl es of 50m (2.0
m ) thi clesling ssfox sl S HEPBS subner ged
I n etchant sol utions contai ned in an etchant bath The terrperature of the
etchant was nai ntained at 85C and the tinme was recorded for dissolution of
filmsanples Sampléeofet0pha®0 sdl) titkohgquié tigsial pdslyfﬁabﬁﬁn li.cnlk e sgxareedi ng
about 10 m nutes i ndicate poor etchant perforpmance. Al though sone etchant

mi xt uPes YeEpSHmpergpd §b¢t9@dﬁ ’é‘HBUQHSc?GP‘@H@Fi% #x ptchigy bothe The iempcraiure0h e di d
t f
nqueous. Qe MaERiM e uls BN pe LIRS (AR GRERED Al el

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

l'iquid

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 Liquid Crystal Polymer Film

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

15  tradename RISTONT™ 4720, were laminated with heated rubber rolls to a flexible
substrate consisting of 50 um (2.0 mil) of LCP film on one 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 pm 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.

25

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

11




Testing Conditions for Resist Coated Liquid Crystal Polymer Film Two | ayers
of 50 gmthick aqueous resists, available from DuPont under the 15
tradenamavRpBTa@IM 4720, were |am nated with heated rubbereT/Usdd/HSE860 a
flexi ble substrate consisting of 50 gm (2.0 ml) of LCP filmon one side
and copper on the other. The |lam nate was then exposed with ultraviol et
(UV) light through a phototool or nmask on each side and devel oped with

0. 75% aqueous [Sol ut4 on off sqdi um cagBonat e onjapt h [Si des 3to obthin desired
image of circuitry. Copper was fthen p|at on the copper side ofl|the 20

| ami nate to 3% gmi4 thigknéss. TheZECP sf de %ds then etched by i ppi ng

i nto an et cham—bath—econrtatnng—on Uﬁt e—cofpostttons—tisted— n Table 1.
The tenperatufe of {he et/chaht batz s control | ed| at gs& (185F). Each
resi st was then wasgied With glater, gpd the rgsist was stnipped With 2.5%
KOH at 25C t0|85C. The candition of etched filns was evaluated 1o

determ ne etchant performande with FHlm A as ﬁécorded in Tabl e 2| 25 Table

2 - Sol ution and—Etechi-ngFres—for—Ftm-A-Etehant—HERP—F-re—{mm Tine (nin)
Et chant Sol ut i onFi I$rF| I m 01I1§/+ esi st™ ' Perfor rrépce 1A6. 38. 51 2A1.65.01 11 WO

02/ 06423 3A4[SITTQY 4AZ7145 A)f F/—\z. 40l 6A3. 0. g5l 7A-6.515

C2 A 2.7 6.5 3
C3 A 5.2 10.0 5
C4 A 2.7 9.5 5
C5 A 26.4 - 5
Co6 A 24.6 - 5

Table 3 - Solution and Etching Times for Film B

5

Etchant LCP | Time (min) Etchant

Solution Film | Film Only Performance
2 B 32 1
3 B 5.5 1
4 B 5.0 1
6 B 22 1
C1 B >35.0 5
C2 B 142 5
C3 B >35.0 ‘ 5
C4 B >30.0 5
C5 B >72.0 5

Table 4 - Solution and Etching Times for Film C

12



8A-6.01 C A4.0105 C2A2. 76.53 C3A5. 210. 05 C4A2. 79. 55 C5A26.4-5 C6A24.6-5
Table 3 - Solution and Etching Times for FilmB 5 Etchant LCP Tine (mn)
Et chant Soboatda@edi | nFil m Onl yPer f ormance 2B3. 21 3B5. 51 4BBCOUS@BAS®1

Cl B>35. 05 C2B14. 25 C3B>35. 05 4B>30.05 C5B>72.05 Table 4 - Solution and
Etching Tinmes for FilmC 12 WO 02/ 06423 PCT/ US00/ 31586 Etchant LCP Ti e
(m n) Etchant

Etchant LCP | Time (min) Etchant
Solution Film | Film Only Performance
2 C 3.5 1
3 C 5.7 1
4 C 52 1
6 C 2.3 1
C1 C >35.0 5
C2 C >10.0 5
C3 C >60.0 5
C4 C >30.0 5
C5 C >72.0 5

A flexible circuit comprising a liquid crystal polymer film having through-holes
5  and related shaped voids formed therein at elevated temperature using an aqueous etchant
solution has been described 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 from the spirit and scope of the present invention.

13



Sol utionFi |l nFi |l m Onl yPerformance 2C3.51 3C5.71 4C5.21 6C2.31 O C35.05
C2C>10. 05 C3C>60. 05 C4C30.05 C5C>72.05 A flexible circuit conprising a

i quid cwababespdl yrer fil m having through-holes 5 and repar/@doehisgsed voi ds
formed therein at el evated tenperature using an agueous etchant solution
has been described herein. It will be appreciated by those of skill in the
art that, in light of the present disclosure, changes nay be nmade to the
enbodi ments di scl osed herein w thout departing fromthe spirit and scope
of the present invention. 13 Cains Wiat is clained is: 5 1. An etchant
conposition for a liquid crystal polynmer conprising: a solution in water of
from35wm%to 55w % of an al kali mat%la?ﬁét; and from1OMm % to 35w % of a
sol ubilizer dissolved in said solution to provide said etchant comnposition
sui t abl e Wt ietchhedissai d 1iquid crystal polyner at a tenperature from 10
50C tg 120C. 2. Aflexible circuit conmprising a liquid crystal polyner film
haviné t hrough-hol es and rel ated shaped voids fornmed therein using an

cchant SeTPOoM LAIag O[5 AL BT AL lplads om S % o SO %
di ssol ved i n sasodutioml intwater df dropt d3w¥% te dbdt. Yedfcialitalicmaiabsilt, i sui t abl e
for etching Safirc()jmlli()gv‘ltj.i%dtocf)‘rS Sj["/glof g(s)!)l%ﬁ?irzera iss%lvtegri?segi g&ru‘gogl {oopngovide said
etchant composition suitable for etching said liquid crystal polymer at a temperature from
10 50°C to 120°C.

2. 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 55wt.% of an alkali metal salt; and
15 from 10wt.% to 35wt.% of a solubilizer dissolved in said solution to provide said
etchant composition suitable for etching said liquid crystal polymer at a temperature from

50°C to 120°C.

3. A flexible circuit according to claim 2 including at least one unsupported

20  cantilevered lead.

4. A flexible circuit according to claim 2 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.
25
5. A process for etching a pattern in a liquid crystal polymer comprising the steps of:
providing a liquid crystal polymer;
applying a layer of photoresist to said liquid crystal polymer;
exposing the photoresist to a pattern of radiation to crosslink portions of the
30  photoresist exposed to the radiation;
removing unexposed photoresist using a developer solution to expose portions of

said liquid crystal polymer; and

14



50C to 120C. 3. Aflexible circuit according to claim2 including at |east
one unsupported 20 cantilevered lead. 4. A flexible circuit according to
claim2 whensid2a through hole forns in said flexible cipPcDiusodIssoNg
contact with said etchant conposition for a tinme of about 30 seconds to
about 10 mnutes. 25 5. A process for etching a pattern in a liquid crystal
pol ymer conprising the steps of: providing a liquid crystal polyner;

appl ying a | ay®htRtingbat oigesd o?%'stil(i)oiiﬁi!le@ withop ey 8618 osmﬂinydm{pns posi ng
the photoresist to a pattern of radiation to crosslin portlons o the 30

phot or esi st expwdelipnis waer crfafmnaﬁﬁ‘@h% te &AL VaRf arpdkadowedl hoewst esi st usi ng
a devel oper Sct%&h'l%@tt’/) o?grsB]{uQ]I'ﬁ%er cfmsoﬁ%%l%%%ﬂ%l%@ﬁ% a]%‘@'l’ldggél}iner

and 14 contacting Sai’t™ iquid osition
conpri si ﬂ@chanﬁc&@ﬂ)dsitldmnfot Btcmtg%éldqfortid’n@lmf%Mlﬂ[ﬁuﬂﬁ:rﬁ@&lﬁpolﬁﬁﬁfat an aI kal i

met al salt and fro WM. % to 35wt % of a sol ubilizer dissolved in said
sol ut i%on tF@PB‘iaBW ﬁéms%ﬁ & tod28Fant conposition for etching said portions of

said liquid crystal polynmer at a tenperature from50C to 120C.
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