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ETCHED POLYCARBONATEFI LMS Field The invention rel ates
to chem cal etching of polycarbonate filnms. Background

W@\200810839€381 copper or printed conductive circui PCPEB1004/0M3143

on a polynmer filmbase may be referred to as a
flexible circuit or flexible printed wiring board. As
t he nane suggests, flexible circuitry can nove, bend
and twi st without damagi ng the conductors to permt
conformty to different shapes and uni que package

sizes. Originally desiqned W rin

har nesses, fl exi E ’%&ﬁf‘fﬁgw%af@ﬁ only °

solution for the mniaturization and novenent needed

for current, cutting-edge electronic assenblies. Thin,

| i ghtwei ght and ideal for cBiel i cat ed devi ces,

f I exi BlfnfnliGiiciatdas chEmisa 'eééfuh? eﬁpdl;m%nate Hlhs.

singl e-sided conductive paths to conplex, nultilayer

t hr ee- di nensi onal packages. A nultilayer flexible

circuit is a combination @fLwngr nore layers of

single or double-sided flexiBle circuits |am nated

t og et her aetghred cenmse dr pinted doadustiveigitduitipatiern ea apphmen§im
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T8, REWNVEBAIONLH Rle8l 0t EdnicABEadviRSs, TRMIbRASR LI @ediéiﬁsolutlons range
el ectrical performance and orocesslng capabi liti
fiem singhesside coadydtive pafhtiocomplge| multley t lgﬁg cgsiona |P6 fées A

i@l Qﬁﬁr fkGbIe Qﬁ«‘fﬁh@l@ta c%tﬁiﬂ‘@bnfo@%@& Rb:18 %y'éfs%'sm%legﬁ abuble-sided
transfer, 8 thermal performance facilitates coolin
Sexibleaitprits ag@ateétqu@h@md@mg@ed With iseri dsilingrangpiaging ip form
ﬁﬁ%%%ﬁ l’?olésm? Q\Qfeﬁtep AGiRGRe ?%g B Cife @z{rlo'ﬁb %@1@ without
amaat |'ower noi sture absorption all
bwgm@knamnmﬂkMQ§O#bunEswﬂﬁgmat hi gher frequenC|es.

Commonly used dielectric film base materials for flexible electronic packaging

include polyimide, polyethylene terephthalate (PET), random-fiber aramid, liquid crystal
polymer (LCP) and polyvinyl chloride (PVC). Changes in electronic device design create
the need for new materials with properties 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 of the package, a higher glass transition or melting temperature improves package
performance at higher temperature, and lower moisture absorption allows signal and data
processing at higher frequencies.

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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Polyimde filmis a commonly used substrate for
flexible circuits that fulfil the requirenents of

W@ o09plg2e83 cut t i ng- edge el ectroni c assenbl i es. ACEUS10041043143

has excel |l ent properties such as thernmal stability and
| ow di el ectric constant, but represents a
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pol ycarbonate film contacting said pol ycarbonate film
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pboa il heis)s amalant 353itdo obamprlitslizegdissotiied liegid §odutionl m
g ggglr Jéﬁ%)tﬁ% ﬂg?egg(lﬂf@% ng?sge%qg%lg?ﬁﬁh %Potv%%s Imr St ng r's?ﬁléja dielectric
film comprising a polycarbonate selected from the group consisting of substituted and
unsubstituted polycarbonates, polycarbonate blends, and polycarbonate copolymers, the

dielectric film including at least one etched recessed region.

An advantage of at least one embodiment of the present invention is that
polycarbonate has low water absorption and dielectric loss making it a suitable substrate
material for flexible circuit substrates.

Another advantage of at least one embodiment of the present invention is that

polycarbonate film is less expensive than polyimide film. This can be important in
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unsubsti tuted pol ycarbonates, polycarbonate bl ends,
and pol ycarbonate copol yners, the dielectric film
wo pab0shogy at | east one etched recessed regi oNPCHIS2004/043143
advant age of at | east one enbodi nent of the present
invention is that polycarbonate has Iom1mater
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thahrehics thislierdimage of at | east one enbodlnent of the
present invention is that polycarbonate filmis |ess
expensive than polyimde film This can be inportant
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pol ycarbonat e .o i nventio Fig..2.is.an

ot i Piagoput tialiaRaee o herossssbin B cfeq v Bitihug o
FRoly.carbonate of Fig. Ib. As used herein all anounts

i ncl uded as percentages refer to wei ght percent of a
desi gnat ed conponent. Detailed Description As

r eqUiE 8¢bd heRbdIl AnRintstiGudRl 85 ftbent3¥ et RNwEIER: percent of a
di scl osed herein; however, it is to be understood t hat

devignaigil sempensdt- enbodi ment s are nerely exenpl ary.
Therefore, specific structural and functional details
di scl osed herein are not to be interpreted as
limting, but nmerely BstaflebBescgiption t he cl ai ns and as

a r 955 ?%gﬂédahé Ag‘iﬁ% ﬁesfe? inbHAGH b0 YisPidS:d f}k{&éuln %@#ﬁ%‘er}it‘ﬁ to

rléus e present I nvention
bp nm:bmh@odlthal e&mdmiospd @nbazﬂeaenﬂs @b mt:teﬁy exefiplams Tasrefore specific

strat 0 heuits tha
ST il R el e Pl ko i
naenddy epipeis fmhﬂmlmms\aﬁd :14 ampﬁ:sen@(ﬁ@a dm fovRadhimgCc@® skillyd in the
ckel ar silver.) Specific flexible

a%%?%ﬁ?ﬁ“%%%?°¥§%. FES ALY, 1ap top conputers,

per stReprestntlintétioR pfolvidefdibRetri€ Eilths 3aMBStes for composite flexible
circuits that typically include a flexible dielectric substrate film and copper conductive
traces. (Conductive traces may also be gold, nickel or silver.) Specific flexible circuit
applications include, lap top computers, personal digital assistants, cell phones,
calculators, cameras, plasma televisions, and any device that has a display with an
interface that bends or folds.

One of the key benefits of flexible circuits is their application as connectors in
small electronic devices such as portable electronics where there is only limited space for
connector routing,. It will be appreciated that reduction in thickness of flexible circuits or
portions of flexible circuits will lead to greater circuit flexibility. This increases versatility
in the use of flexible circuits particularly if the reduction in thickness of the dielectric
substrate allows the circuits to be folded with minimum stress in the region of the fold. A
key advantage of flexible circuits is its effective use where space for device

interconnection is very limited. Reduced dielectric film thickness allows flexible circuits
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cal cul ators, caneras, plasma televisions, and any
device that has a display with an interface that bends
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is their application as connectors in small electronic
devi ces such as portable electronics where there is
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Polycarbonates have lower water absorption and a lower dielectric dissipation

factor than polyimide, which are very important properties for applications at high
frequency (GHz), such as for wireless communication or microwave devices.

The following Table 1 shows the different properties of common types of
polyimide (PI), Liquid Crystal Polymer (LCP), and polycarbonate (PC).
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controlled thickness requires the use of a film that does not swell in the presence of
alkaline etchant solutions. Swelling changes the thickness of the film and may cause
localized delamination of resist. This can lead to loss of control of etched film thickness,
shallow via sidewall slopes, and irregular shaped features due to etchant migration into the
delaminated areas. Controlled etching of films, according to the present invention, is most
successful with substantially non-swelling polymers. “Substantially non-swelling” refers
to a film that swells by such an insignificant amount when exposed to an alkaline etchant
as to not hinder the thickness-reducing action of the etching process. For example, when

exposed to some etchant solutions, some polyimides will swell to such an extent that their
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| ocal i zed del ami nation of resist. This can lead to
| oss of control of etched filmthickness, shallow via
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etchant mgration into the del am nated areas.
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the etcha
level of dlfﬁculty associated with flex circuit processing and manufacture. If the film web

is less than about 25um thick problems with material handling lead to difficulties in
consistent manufacture of circuit structures. For example, films of uniform thickness less
than 25pm tend to irreversibly stretch or otherwise distort during the multi-step process of
flexible circuit production. This problem may be reduced using substrates according to
the present invention that have indented regions of controlled depth to provide localized

areas having a film thickness as low as 5um. Typically the substrates are in the form of
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concentration of the conposition. The present
i nvention may al so be used to produce flexible
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Conposite circuit durability, in terns of flex cycles,
can depend upon circuit thickness and other materia
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2fd@amiylate, ethyl acrylate and acrylic acid, copolymers of styrene and maleic anhydride

isobutyl ester and the like. Crosslinkable monomers may be 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 photoresist materials such as those available under the trade
designation RISTON from E.I. duPont de Nemours and Co., e.g., RISTON 4720. Other
useful examples include AP850 available from LeaRonal, Inc., Freeport, NY, and
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thick may be used in conjunction with the current
invention. The formation of recessed or thin regions,

waie@agaess ed | eads, through hol es and ot her ciPCTUB2004/043143

features in the polycarbonate filmtypically requires
protection of portions of the polyneric filmusing a

PRSKEO R BRQLIGLE 5 Hithdhe Shae Ao/ Btdd Thiy Tl pABIGRSIES
processi bl e photoresist. During the_ etchi g‘gMprocess

gmpopHerUmds b trpdeaniae ARUA MER; 357 peilablp Somrelapidy o
Wﬁfekﬂ %10 Frhgl%'a?éeeoaall e FF AU A RIHIOMEGER AP AL R ding the "SF"

Negative photoresists suitable for use
dt"ﬁ:Fb e¢ry:e aﬁiﬂicﬁ’fé%sSFé%% erdCRY0 being FreTeseiaiigof theseanitprals: A

t vel opabl e,
f’nlf%lt(":i{opo fﬁg%l%%ﬁ%@@%#ﬁ%ﬁgﬂgjﬁﬁ&§§g?hose di scl osed in
U S. mbrdmm an3spb6inf Y8 presgndn@ntios thepokgarbeage diglgetric film
ge $e§ ViNY 1? gl%!l]mpﬁ egghgé th%géerdl %%%qg AR RS SircRit ma ufacturing
ALY X 1 RE ng crossli I'e ononers and a

pxbodsmllmurc_tduahmr of aﬁ@tcyngrssp bgqtu malhd Broalwedn paguence can be used to

o os%geéfeé :alze{zlio% tg? h‘t}lﬁq Wgh ? Pe v1 al{l)(a (f:' ?E%l fﬁXl at g? 8rigina1 thickness.
aopahiEBy hinfinsshkoed awth dfmeemm lamahmdhe fhexibls Gipantty |
ester and the ik 0 sI' b e_nonoper s e
Ay F%l’gﬂ PIPGeSS ¢ Veaotb E?nle czS]IumBg 8g§h%rcn'%¥ea%1res before
Ellielnﬂg Fivch #i€kne§ORBRI Al lof Whﬁils’élelcﬁ‘lfﬂ sﬁibﬁﬁtlﬂhiﬂﬁnﬂg%ﬁus in the

, sodi um carbonate. devel opa

BwsftSéyrfégﬁ—@Pg g bpRgietstics Egd %@“ grgo ﬁr?é %%Sé%%ﬁ‘? i B

brou&dioh ORcdmehtiigl MRl cwe@ishy| - met hacryl ates phot or esi st
Tt erials such as those avail abl e under the trade

d esi ghae manufpgtare of flexibls creyits agropting todhe missegtL n¥entiqp comprises
steB &f Bichinfl v@ﬁ@\lnéy l?@useglﬂ%ﬁj uHS R UitHEVeBiow lﬁﬁmﬂnﬁﬁé Sding and

avai | abl e from LeaRonal, Inc., Freeport,

ammqmngmqq@ms@ﬁ Ahesaquesice of sughpioredaegsmavrhs vried ascﬂsmed for the
Hrgc el %@ﬂéa@ @bl\/%gﬁgl‘fa?'cl%&% Igéﬁg%ﬁg 'o]f %t%f%%n'\%)g%qesérﬁgd as follows:
Wt er bawepys 1@0cesTihlepdotaresists emelaraina@é pmsb othf mdﬁﬁ@@ﬁs@ fybRtrate

E‘Eﬁt 2 eSI §£§rboﬁaccg H@Q&Bt&@lﬁn Cc per se}clﬂsd usi stat?cﬁfd & i

bern représe ative of these
tmhlﬁqueal BypicAllpphasubstegkhavmypolyercds &t layet ¢fe°rqmll alpaat T pm to

tore t. Acc rdi.ng to _a C f esent
FE%E‘W ‘f‘lh@ p)? Ea rc? N f“’a‘ :ehoaéf{r%l a'ci:’O I'm rﬁr}a&r be
Ademativelhe Iayhm gl gyt ipayebecdepokitad oste \aesnrﬂtcesif &gqslycarboﬂm film

fl
usn?é( Isptl)llttgnr%, Irﬂ%g{lé orrgac%lflr{b%ga ion Jchel%of.

The thickness of the photoresist is from about 10 um to about 50 pm. Upon
imagewise exposure of both sides of the photoresist to ultraviolet light or the like, through
a mask, the exposed portions of the photoresist become insoluble by crosslinking. The
resist is then developed, by removal of unexposed polymer with a dilute aqueous solution,
e.g., a 0.5-1.5% sodium carbonate solution, until desired patterns are obtained on both
sides of the laminate. The copper side of the laminate is then further plated to desired
thickness. Chemical etching of the polycarbonate film then proceeds by placing the

laminate in a bath of etchant solution, as previously described, at a temperature of from
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process. Introduction of an etching step early in the
producti on sequence can be used to thin selected areas

w@booskg2983 | m whil e | eaving the bul k of the filPCHUSI008043143

original thickness. Alternatively, thinning of
sel ected areas of the filmlater in the flexible
oufsteo i FBBLIaebUE i G cPiWwSARSidha B 1ha Y6lytdtBore1Riynier abt

I ntroducing other circuit features before altering

eaverer b thekamessinkerkeesist- dibssgpeses e 28w gttte @ég@alﬁémrcawr
fa LB Wi QGEHER stk %%itﬁorp &k §ﬁ§s offthd IliARAh L PYY, solut1on of an

aracteristics r In simlar to those associ at ed

a\lkalhmtihbhyprca@ﬂm ifriom abputdSh Fen ebayh &@° @, |pesfergbly dipin aboutgpe C to
MR, 'é{lgseﬁ{lenftlk e@S%E’Jeﬁ pgﬂtlF)ﬁg’J(Lf{tﬁe QR Hih Cp%)‘é’r I‘é&lﬁ are etched

present ‘i nve rises the step of et
mmyg dreetaiseicthitrdoeomjt lhmm fho polygarbengig filous g kK FBRMA ETCH avaﬂable
ﬁreﬁe glchp ;8 nd pRost - et chi ng procedures. The sequence
TSHE proce ures may be varied as desired for the

part i lnah al*teragtp kulsthdtion prodessythe apkowmdudcessitde phajoresisgteargfagain

b | A
BB TR TR PR PAFELR: BEeaLe
ssRstindbel lﬁtﬁﬁipﬁmgSﬂeﬂgucpﬁh yihasiienat eorsistsrf wipblynerit fiim layer

opper side, usi t, Iamn .tech

S0 Ehpngd ot S0 S itk e <SPS E Ry PG TR MG fafbont
£10 QAN tRIBIR Uthe DRotORSsIsOis &led lékpo'ﬁ&ﬁorﬂmth Mﬂésho hlmavmmp fgtit or the like,

| ayer bejng fromabout, 1 to abo

Riroughasuttapls Paskycroprlinking thyjexpos Owwé ﬂ&efﬁ% Thedmags i then

BeveWpb@Ganh lilllqRALY Sitha rﬂlﬁﬁleieﬁlké [Patt@rh@ ke ©Btdirke@ bh Beth sides
plating or a conbi pation thereof e thi ckness of the

pﬁ@@ @negat%, {I'hp sopnep yeristhen gighadrie P‘&‘a%éf&‘t‘l%(ﬁwﬁ@ﬁ%ﬁp the
B : EM & er%’ﬁﬁ%%rﬁe ol Jiln §&cﬂt§§1aﬁ5yér%?acﬂﬁ@ﬁﬂfh%ﬁh§s§st {s@hen

aviolet |ight or the i ke, through a mask

dsupnaediovsoihe |ﬁ<§mesw oR He cpImst @ﬁ%@dﬂos@@%ﬁby Fﬂﬁ%?%ﬁ’ée toa
p&ﬁla(ﬁ ?(ﬁlr#enih'olf&r to eEt%?gésEd b%y&%?dhlﬂ?éﬁ?ﬂa@éj qfthet%pper side)

unexposed nmer [ute agueous
s!,‘nomlﬁurthm etching, Areas of the nolBwsricoiilimuon derfBorsideg nefeovarpdpy, the

lcjzgotsslinkgiel%gl tage %%1[1 Et%ﬁé&%ﬁ{ e gr@ﬁa% &%ﬂnoﬂ%g%ﬁl aqgﬁcaﬁ etal salt

€ copper si ['am nate is en
fatud sdhénthf attaetelmpﬂamiasaf fimch 4bhintcioh €9 abddh ém%(alané tlmmhn’rgresists
|a§|_#1 q%‘cit V\gt ah d?lfe% olf: u(?le (gns, asb 1ous He%c?&%

descrit b@}ﬁbssmle t«almeﬂmrreglwsaf &fntlfotlﬁmhlckness mto the dlelectnc film of
the flexible circuit using controlled chemical etching either before or after the etching of
through holes and related voids that completely removes dielectric polymer materials as
required to introduce conductive pathways through the circuit film. The step of
introducing standard voids in a printed circuit typically occurs about mid-way through the
circuit manufacturing process. It is convenient to complete film etching in approximately
the same time frame by including one step for etching all the way through the substrate
and a second etching step for etching recessed regions of controlled depth. This may be

accomplished by suitable use of photoresist, crosslinked to a selected pattern by exposure
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10about 50 C to about 120 C to etch away portions of
t he pol ycarbonate pol ynmer not covered by the

wee@sesiosked resist. This exposes certain ar eaBCDUS1004043143

original thin copper layer. The resist is then
stripped fromboth sides of the lanminate in a 2-5%

%%tl%tv i :%iﬁaé%ﬂ @ﬂj&adelvelpgfg?‘h r?ﬂl‘g&a@&flqﬁt(ﬁ‘ésﬁt EQEIRRRN 0f25

refe rom about 25 C to about
@ile@ric Bhinﬁatmémel a}qheékpmge‘ijmpmc@ﬂsmg@ﬁs the origi nal

thin I ayer. ar

en AR Y P B IB  pr ANn Eplih a
Eﬂ@tdnalssmmtﬁmbdom}ﬂmmoﬁiee Gatuomsoé the dlgkible ciinquit. The agdditional step

al ternat.e su ctiv roc

B0 RGP B SRS b A SRR s s
i c@slinkf thaplmidisdistat @rdiay iongeketpdpativer. Devélopsémdef find a

copper. side,. usin tandard .| am atl ng t.echni ues
BT tsn s pLogeodjith B R L AR FEGEP g TpudE
85[19056@ afObit thS 0181 BT il ahat wiill be dtkted mcoqiqm&blldadad/a@ths hxepmguce

from about. 5 mm to about 40 t hick. .The

GRS SRR BB eaicae . it AP erei ek g fo ich
18 sddl dfQesitel HOMB i@ the idl@Bicsub@aie, of tedhsibldditcny, théprotective
exposed portions of the resist, The j

eretrlinksslathotpresist is shipped & e %&B%thga?sa ‘f%% 'f ﬂl}cﬁg‘% splggfively

B8 tdiondlifriRRldlcRed on both sides of the lam nate.
The copper layer is then etched to obtain circuitr

and pﬂretnr@mgs s dpstipesl 3howe ey bagradugis as ad?@%r?éocessyusmg
fjste Mﬁé@fasﬂlﬁyﬁsﬁng‘%fqu Hﬂéﬁt‘ﬁé§gﬂé’&5 @traﬁs?pbﬁta web

am nate over the first resist onthe COE
mawealeth@ugh s prdcetesequsycd rasod sepppoell iea Wndun rad \ahlpla)wllects

grgi%pggdedc?% c%fc?ﬁge th%f}ln gfri’é sg?egnfe)bpﬁﬁﬁg? R—Eg hIBd 1‘ﬁdéﬂtzltf5hs of

from ther etch |ngln
IEbmiiecbdepﬂfﬁa tlmbq?ym@rl fdmf Abomgtsd prosessing upgssi kb hapdling device

FRLEL 3ty LGSR L RARI 55 RBhPAR G Mo
adsmhngao ?gigelll as.ze!éclfhélaﬁ1 a;]mi Iﬂeﬁmtg e’rreatstha;lhc pehtrsf:mtb pichipg thte polyn@r fidm of
rtbr&rﬂe § tQ Bglywe{ ﬁmzna - E&Slélg g{gsons incl c{]eta nun%be{ gips%gay bars

i C solution,
&ﬁtﬁ\jét(mj@dl@s tht@ sphy behant bh the Snqviigsidbl te etch thond pmﬁwfﬁle web not
ol l ed .thickness into the dielectric

of cont
Pfq ‘{‘}f ytc]:f@slqugciplm%r ¥t cuit using control | ed chenical
et chi 1gcRit Falshhiefrodetssuciads fekibld@rcais; rtsrgormikctitonditig tape for

holes and rel ated voids th I
dTABe daps aélt%tw W.g)(rgpqeéqaetg, fg:éu[g? 0(21‘1}01(:i‘1jtsy ancF t[ﬁm{ll%e, conventional
processing may be used to add multiple layers and plate areas of copper with gold, tin, or

nickel and the like as required for reliable device interconnection.

EXAMPLES

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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WO p008/0g2980t ed circuit typically occurs about nPCFWE2004/043143

through the circuit manufacturing process.

It

is

convenient to conplete filmetching in approxi mtely

the sane tine franme by including one step for etching
the way through the substrate and a second etchi ng
step for etching recessed A@Bledns of controlled depth.
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4he (E)ol ymer film Automated

ng device that has a
vari qu: thib sqrieo ofswinplys stifitrewreshbmsolappisyrangused xpatsh different

ot oresi st coati ngs,

as wel |

as

o)
gﬂ’&?ﬁ’ ?yﬁﬁ‘g’ qq%ﬂ;’}?g the netallic parts and etching the
pol ynBsr Bxampleof, 3-5 and 1C, the films were subjected to two-sided etching. In

other words, no coatings or resists were applied to either side of the film, so that both sides

were exposed to the etchant. To determine etching speed, a small film sample (about lcm

x about 1cm) was cut and immersed in the etchant solution. This resulted in the sample

film being etched on both sides. Etching speed (for one side) was then determined by

dividing in half the reduced thickness by the etching time.

For Example 2, the films were subjected to one-sided etching. A dry aqueous

processible photoresists was laminated over both sides of the polycarbonate film materials.

One side of the resist was flood-exposed and the other side was exposed under a patterned
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the starting nmetal to polyner |amnate. Etching
stations include a nunber of spray bars with jet

WO owzl0g983 hat spray etchant on the novi ng web POI/E82004/043143

those parts of the web not protected by crosslinked
photoresist. To create finished products such as

[ [ R e I Y
e e oL B B B B e o
@sist stehdnl deeqlowdﬂwmm@h thprrsapessil nejymeswikea didwe aqusous 0.5-
gg‘? °§0 ! c%rbon!itg},/(ﬁ nal%gu 841%{11%] Iﬁ)&ﬁ%%oﬁgte fRPREL a%ﬁcﬂayer of

e as required f
ekt cmhine sxdeand:zepathmd dﬂyﬁmf(resmb on tHEXPEHES Wﬁemeasured etch

%F%ASEBE tﬂ? Fﬂelélgg}gepa)g%dosﬁes r% ts%?%’ré E&op«/qn ‘TL y§t rative and

_ scope of the invention,
whi ¢ hAillS:toQiﬁgreeﬁﬁﬁﬂ%nM@é yarb'@d ¢utén a:b@kﬂswml@’ratmneg,msmg a

@tg@'albat%%@(fzg?les[s Ixhn%d Eglrepvg ’J?he etc rﬁ%lre&elﬂpg)r ?{glé/ya%?nate films are

ﬁﬁlﬁﬁaﬁbd §OTAble 1 nmw&anuaﬁq)otmoﬁ adstoivhfie Teble 3 by thesatofof

car bonat e
RORE S a e herolaiin 0 iyihe BHIea B PR PEPRSF e unlss
Mgﬁﬁsefsﬁfbﬁﬁ@?mloﬂ @&mﬂblet Eﬁ sl ﬂfoﬁvs mv%)’ apht bebart caolemghemch
side o e film so ot i des t
PHiscist eIt RS M Ot EHRE ZDem ol sibaRaRIe, ke
RARIdEr et The stgrﬁb&vstofl“AMhrwgﬁ “CUorr@Ebnil FOMRE BElGlcdrbonate
the etchant solution, This resulted in the sanple film

Blansdgsignatebas droeh A isTeRis2 almvehi ng speed (for one
side) was then determined by dividing in half the
reduced thickness by the etching tine. For Exanple 2,
the filnms were subjected tdabké sided etching. A dry

aqueous pr oceSwiinhey Qﬂmlwﬂémn@tes(l’%st_chﬂm_ﬂﬂﬁd_mr__

bath sides of the pol ycar boPelyienifie Filmsper i al s,

silde of the Ireégdi |stA2Nas Bl god~ erBsed E’:\n|d ¥ he Gt 1eH | 1

Si O, V@schangoosed under Sﬁn;ﬁ%ea{ FIARSTe) ;]ﬁg@ S exposed

partions of [the photoresi’st eCalE> | NS0 %‘B/ ) gy

criogsl i #A2g. 23The 20 | 153 | 11.0 - - -
2 41| - [260]| - - . - - - | 147 19
3 40/20 15.6 14.1 9.0 7.1 13 | 1.2 | 17.0 - 11.9
4 36/28 15.0 14.8 | 10.0 7.9 16 | 1.5 - - -
5 33/33 11.5 11.1 7.6 5.0 1.8 | 1.7 - - -
1C 45/0 2.5 2.8 1.2 1.0 02 [0.034| - - -

* Btch temperature was about 92°C.
T Titration results showed an actual concentration of 41.8 wt% KOH and 20.9 wi% ethanolamine.

Optical digital images were taken of LEXAN T2F DD 112 films, prepared as
described above for Example 2 and subjected to the etchant solution of Example 2 for 5
minutes at about 92°C. The original thickness of the film is about 260 um and the etched
depths are about 100 um. The images are shown in Figs. 1a to 1d and 2. Figs. 1a and 1¢
show square and circular patterns, respectively, etched into the smooth side of the film.

Figs. 1b and 1d show the same square and circular patterns, respectively, etched into the
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resi st was then devel oped by renoval of the unexposed
polymer with a dilute aqueous 0.5- 1.5% sodi um

w@ 2005082982 sol ution, resulting in a pol ycar bone€EUR2004043143
with a solid | ayer of resist on one side and a
patterned | ayer of resist on the other side. The

ﬁﬁ?ééﬂeedhﬁé €1, SREEHS 2 bR%s-idBorBb ML LILE BRASRLI ! tRESdA¥As have
snown

below in Table 3. All etchlng experiments were
angtes oBeboytifS iand ﬁlelﬁgﬁ%ﬁiepﬂ%ﬁﬂ’%ﬂ Q¥fyring, using a
water bath at 850C unless noted otherw se. The etching
results for polycarbonate filnms are summarized in

Tabl dt 8ill trreppeciated by teasarpbsilt indhesarhihat, grfighiof the meping 3
%118, LRGP, USQhhde 9, BRlcHBbARERS dlsEhANRI AN I Wialting
bar ance e conposition being water unl ess
oo elrevipie aspewpé pEHe peeant mxemohe, Ex. 1 shows ' 45/ 20
in the etchant columm, which indicates an etchant
conposition of 45w . % of KOH, 20wt. % of et hanol am ne,
and the remai nder is water. The designations of "A"
through "I" correspond to the polycarbonate filns
designated as A through | in Table 2 above. Etch
tenperature was about 920C. Titration results showed
an actual concentration of 41.8 wt% KOH and 20.9 wt %
et hanol am ne. Optical digital inages were taken of
LEXAN T2F DD 112 filnms, prepared as descri bed above
for Exanple 2 and subjected to the etchant sol ution of
Exanple 2 for 5 mnutes at about 92C. The origina
thi ckness of the filmis about 260 mm and the etched
dept hs are about 100 mm The i mages are shown in Figs.
latold and 2. Figs. la and | ¢ show square and
circular patterns, respectively, etched into the
snmooth side of the film Figs. Ib and Id show the sane
square and circular patterns, respectively, etched
into the l4matte side of the film Fig. 2 is a
cross-section of Fig. Ib, show ng that the sidewalls
have angl es of about 45 and the etched depth is about
100 mm It will be appreciated by those of skill in
the art that, in |ight of the present disclosure,
changes may be made to the enbodi nents discl osed
herein wi thout departing fromthe spirit and scope of
the present invention.
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15C ainms What is clainmed is: 1. A conposition
conprising: an aqueous solution for etching

w@ologosoBbnate at a tenperature from about 500BCT/US2004/043143

about 1200C conprising from about 30wt.% to about
55wt. % of an al kali netal salt; and from about 10wt . %
to about 35wt. % of a solubilizer dissolved in said
solution. 2. A conposition according to claiml
cont ai ni ng from about 40wt G about 50wt . % of said
l.. salt. 3. A conposition according to claim

g%f%@ﬁ%ﬁb fromabout 15wm.% to about 30wt. % of said
sol ubi lizer. 4. A conposition according to claiml

erejn _sai I ' tal salt is selected fromthe
ghoup 5%%‘“ ﬁ%%ﬂ%Pm di um hydr oxi de and pot assi um
hydr oai ggeous solAtigoiopashing pelyeeriomettiahy terpergfua from about 50°C to
m@ E%F sgldnao%ublllzer is an am ne. 6. A conposition
0L I HGOPBIE i m 1 wherein said sol ubilizer is
et hanfibmabane 30wWt.%A0 aleout 58w o6 apalkai meal saltfdndxi bl e

Cr ot RBBA0Rh i Brf s Eh 2P0 Gulhtes TheRRa svd pliiom

usi ng an etchant conposition conprising: an agueous

solution for etchi ol.ycarbonate at a.te

Br om ABBHPOS UL B8 FUTLTRDESGREF FO AL P Qb apout
30WL 0. %rtQd alnaineabylit. % of an al kali netal salt; and
from about 10wt.%to about 35wt.% of a sol ubilizer

di ssolved in said solution. 168. An article according
80 cl aldgmpodifiG éégérﬁﬁg% clhBRP Loriing RS MPPNtt186:t.% to about
cantil evered | ead. An article according to claim?7
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4, A composition according to claim 1 wherein said alkali metal salt is selected from

the group consisting of sodium hydroxide and potassium hydroxide.

5. A composition according to claim 1 wherein said solubilizer is an amine.
6. A composition according to claim 1 wherein said solubilizer is ethanolamine.
7. An article comprising:

a flexible circuit comprising a polycarbonate film having through-holes and related
shaped voids formed therein using an etchant composition comprising:

an aqueous solution for etching polycarbonate at a temperature from about 50°C to
about 120°C comprising

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

from about 10wt.% to about 35wt.% of a solubilizer dissolved in said solution.
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angl ed sidewal I's. 10. A process conprising: providing
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pol ycarbonate at a tenperature from about 500C to
about 1200C, said aqueous solution conprising from
gbout A 3016 % dRdiRS RIIaiRPMac RS aPBastbiteainbupPBited candllelered
and from about 10Wm.%to about 35wt .% of a solubilizer
¥edsol ved in said solution. 11. A process according to
cl ai m 10 wherein said aqueous sol ution conprises from
about 40wt .% to about 50wt. % of said al kali_ netal |
8al t . Ad 2rtick apecading tp cleinot wrluding at leashpip thougihbele hiviagpes-
aqu M conprises from about 15wt.% to about
g%&f&éﬁ%%‘?%a, c?‘ﬁg'ol ubilizer. 13. A process according to
claim 10 wherein said alkali netal salt is selected
om the gro i sting of sodi um hydroxi de and

E{)ﬁ as ipﬁ%gﬁycgﬁgﬁgg% 14. A process according to claim
10 whaoeidingagiolycabbudte filnger is an am ne. 15. A process
according.to cl|aim 10 ei n,said [od ] '
ot hantizese ORIl HEE A 3 R enleih £ ecdrine
whigEfbdhatail 8 tepglesaniae Fomadbeutf S0P Cricsaboetci2@t, fsnid g tdoes solution
group .consi sting of substituted and unsubstituted
o foonat es, pol ycarbonate bl ends, and
plol yCﬁgngR#t@o@amﬁﬁmﬁlsswﬂ%g?an Akﬂmletesﬁltmpr ding to
claim erein the polycarbagnate fi C riseg at..
| east TpmEbentflPut Grip ab‘?&“?%‘éﬁ%é’% éF%‘%blI’lzae\F ?ﬁ@oq‘g‘%)dclﬂ S?lgtgggtlon'
di fferent fromeach other such that when the
pol ycarbonate filmis contacted with the aqueous .
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Irelectric filmconprising a polycarbonate sel ected
fromthe group consisting of substituted and

Yyhsu b%ﬂr&&%@ﬁc&ﬁln&‘f@&@ﬁp 0 SRercil Qhid Qaﬁegﬁ’@é%qlﬁion comprises from

about 15wt.% to about 30wt.% of said solubilizer.

13. A process according to claim 10 wherein said alkali metal salt is selected from the

group consisting of sodium hydroxide and potassium hydroxide.
14. A process according to claim 10 wherein said solubilizer is an amine.
15. A process according to claim 10 wherein said solubilizer is ethanolamine.

16. A process according to claim 10 wherein said polycarbonate film selected from the
group consisting of substituted and unsubstituted polycarbonates, polycarbonate blends,

and polycarbonate copolymers.
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bl ends, and pol ycarbonate copolymers, said dielectric
filmincluding at | east one etched recessed region.

wa 2005082983 ti cl e according to claim18 wherei n PEEUS2004/043143

dielectric filmhas a thickness of from about 25mmto
about 300mm 20. An article according to claim18

wher & %%? F&Bf i g%ﬁmg flo mgre{necﬁt?gﬁ?&rﬂoﬁgﬂe Q’f]m'c§mpr1ses at least

reduce ess out An article
twocidifalem golycarbératenhd gndetoh rages diffrent Somrepclyptherapels hakwhen

{ l.east f. [
opbi5ARonk iR s B 0 8Kk O] hE URRker Bty Monates
droveicledd tb Heffepdntidepithst y of recesses etched to different
depths are |located in different regions, which

different regions conprise different polycarbonates.
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blends, and polycarbonate copolymers, said dielectric film 1nclud1ng at least one etched

recessed region.

19.  An article according to claim 18 wherein the dielectric film has a thickness of from

about 25um to about 300pm.

20.  An article according to claim 18 wherein the thickness of the recessed region is

reduced to less than about 25pm.

21.  An article according to claim 18 having a plurality of recesses at least two of which

are etched to different depths.
22.  An article according to claim 21 wherein at least two of the plurality of recesses
etched to different depths are located in different regions, which different regions

comprise different polycarbonates.

23.  Anarticle according to claim 18 comprising a polycarbonate film laminated to a

different type of polycarbonate film or a thermoplastic film.
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