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Field of the Invention The invention relates to |ow dielectric constant
filnms suiwelBmfor use in flexible 5 circuit applicati on®Cani$onedso
particularly to chem cal etching of flexible filnms and conposites that
include liquid crystal polynmers (LCP). Background to the Invention 10 An
et ched copper or printed polyner thick filmcircuit pattern over a polyner
film base may BAQUIDLRYSTAL ROLYMERS FOR ELEXIBLESIRCUEATY| ¢ print ed
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. Oi gi]ha]ldqutldaelslivanni to repI ace bulky wiring
harnesses, flexible circuitry is often the o n far
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circuit desigh solutions range from si ngl e-si ded conductive paths to
conpl ex, composité¢sath@rinelhdekquid neintl polgmesdEkBY)es. Commonly used diel ectric
film base materials for flexible electronic packaging include polyimde,
pol yester terephthal ate, randomfiber aram d and pol yvinyl chloride. 20
Changes in el ectronic device mﬁﬁg@ﬁn@f(ﬁﬁé thviehgomeed for new materials with
properties surpassing the electrical performance and processing
capabilities of the substrates listed previously. For exarrpl e, a |l ower
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per f or nafied. smalegﬁ ¢d eondyciaveciathsge compls, mpltilayer Huee-dimensiong daekagesat i on or
devel opment 0&ommonly used dielectric film base materials for flexible electronic packaging

include polyimide, polyester terephthalate, random-fiber aramid and polyvinyl chloride.

20 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 for a package, a higher glass transition or
melting temperature improves package performance at higher temperature, and lower

25  moisture absorption leads to signal and data processing at higher and 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
factor to additional gain in the speed or frequency at which electronic components may

30 operate. A major drawback to further progress using polyimide film relates to the way in

which polyimide absorbs moisture to levels that interfere with high frequency device



substrate materials with | ess susceptibility to noisture absorption. Liquid
crystal polynmer (LCP) filnms represent suitable materials as substrates for
f I exi bl e worem22081 havi ng i nproved hi gh frequency perfor marce/us@mesal | y
they have lower 5 dielectric |oss, and absorb | ess noisture than polyimde
films. These beneficial properties of liquid crystal polyners were known
previously but difficulties with processing prevented application of
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et chant cabuwdtivepathk betwken the various layers without having to use multiple soldering '
20  operations.
Reference to drilling for the formation of through-holes reflects the emphasis on
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
25  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
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.
30 Although the several physical methods outlined above produce holes and related
shaped voids in LCP, there are no reports of chemical methods for producing flexible

circuits using liquid crytalline polymer substrates. Chemical etchant solutions for



WO 03/ 022021 PCT/ US02/ 26030 polyim de substrates are well known for
production of polyimde-based flexible circuits. However, as shown in

Eur opean watoan2202ppl i cati on No. EP 0832918 Al, there is nec3iusgt/zo03et chant
conposition capable of effecting devel opnment of circuit features in al
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treatment with an al kaline solution to dissolve the 25 plastic followed by
tr e morRa e R PP Bt e sH 15 65 B Rues Y 4 PR AR YR8 Mg ot al y ot
i nduces giRkdlayeiRRA8 tid ABsttdt HEevet, Sdré Rl RMEng RS &mdls@thte ROwbAlthe There i s
no suggestion that treatnment in alkaline solution affects the adhesion of

met al t osepd lyer adherss ichanycafiibe sibstatelistodbly eithen of the refercagesaPyblishede t he
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t he nee or nove em cal sur e crys pol ymers,
t he needspaxéersd sr fon-plsted 6 el suffhcesdfajuitherbstalpoymeben cal etching to

nt rZ%duce United States Patent U.S. 5,443,865 describes a relatively complex process for
applying metal seed layers to substrates. Reference to liquid crystal polymers is absent
from all but the patent claims.European patent application EP 1069209 describes the
plating of plastics using catalytic filler contained within the plastic. Formation of a metal
layer on a liquid crystal plastic requires treatment with an alkaline solution to dissolve the

25  plastic followed by treatment with acid to activate the exposed catalyst. The exposed
catalyst induces metal deposition from an electroless metal plating bath. There is no
suggestion that treatment in alkaline solution affects the adhesion of metal to plastic. Such
consideration would not be necessary since the plastic acts as a binder to hold catalytic
filler particles.

30 As well as the need for novel chemical surface treatments of liquid crystal

polymers, the need exists to use chemical shaping by e.g. chemical etching to introduce

selected features into liquid crystal substrates. There are no reports of chemically etching



selected features into liquid crystal substrates. There are no reports of
chemcally etching 3 WO 03/022021 PCT/ US02/ 26030 |iquid crystal polyner
films to woroawtmat ures such as through hol es. Chem cal et @oirrggo2/2603¢ or m
through holes in flexible circuit substrates is advantageous because it
| eads to the formation of unsupported or cantilevered | ead structures,
whi ch cannot be produced by conventional physical nethods. 5 Since sone
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substr at circuit manufacture, especially high performance flex

CI r cui t sins@pemted ddady. et ched LCP 20 flexible circuits will nmeet the needs of
mor & S ophi sticated el ectronic assenmblies, satisfying new opportunities
that™"exi st beyond the capabilities of poI yimde and LCP fil m processed

using drilling, l|aser ablatioSumfshry 6f tt@&tventiowvent i onal physical nethods.
The highly al kali ne devel oping solution, referred to herein as an etchant,
conprises an al kaI i metal salt and a solubilizer. A solution of an alkali

metal salt al but is

i neffective f@% eve g‘gﬁlﬁgﬁﬂ)&%@l gaﬁln eﬁﬁsg&r%géeg%éeﬁﬁﬁaggé%hﬂ%?ﬁ zer. Typically
t he sol ufiintroiisble bghimg od dtirowghchotpoamichthershapedbiojdsam fifhik emnpmﬁglqud The
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particularly pot assi um hydroxi de. This suggests that there is a 30 dual
mechani sadjastingtireconposifiouneif tsi ahgmidakstck solotipn. SThis asedtehgnimpkegpossilley st al
pol ymer St’he alternative use of LCP film to replace polyimide as an etchable substrate for flex
circuit manufacture, especially high performance flex circuits. Chemically etched LCP
20 flexible circuits will meet the needs of more sophisticated electronic assemblies, satisfying
new opportunities that exist beyond the capabilities of polyimide and LCP film processed
using drilling, laser ablation and related conventional physical methods.
The highly alkaline developing solution, referred to herein as an etchant, comprises
an alkali metal salt and a solubilizer. A solution of an alkali metal salt alone may be used
25  asan etchant for polyimide but is ineffective for developing LCP in the absence of the
solubilizer. Typically the solubilizer is an amine compound preferably an alkanolamine.
The efficacy of an amine in an etchant solution according to the present invention depends
upon its use with a relatively narrow range of concentrations of alkali metal salts including
an alkali metal hydroxide particularly potassium hydroxide. This suggests that there is a
30  dual mechanism at work for developing flex circuits based upon liquid crystal polymers,

i.e. the amine acts as a solubilizer for the LCP but preferably within a limited range of

concentrations of alkali metal salt in aqueous solution. Discovery of a limited range of



i.e. the amne acts as a solubilizer for the LCP but preferably within a
limted range of concentrations of alkali nmetal salt in aqueous sol ution.
Di scover ywofosm2ioeni t ed range of 4 WO 03/022021 PCT/ US02/ 2@03Qsoptebant
solutions allows the manufacture of flexible printed circuits having finely
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drilling, punching or |aser ablation. The use of 3 ou hant sol utions
and met rﬁbcdhanfawbmods adowsothe h@npfaég%?fﬂ‘?xhl?)éﬁ{m@ﬁ CHF‘B%@?X ible circuits
includin unsu ted m; vi as
w th angred e srofRe Ll g e eve?}"’f’“@dﬁ?ﬁfﬁﬂ*‘ p?ev. A

ment i onqglsepEmgﬂlé}aIrheagél@ict&lue&ia&tthaﬁtssamlonmmwmndpamrmtoah@p@@@%s t hat
al l ows sel ective plating of, netal %‘Pace atte s o(rla L(EE fllgn Usi ng an
addi t i veinvessinnperdaced ﬂ@“‘d@@%@&s ipely Segs HP‘E“? ea‘?si o KOOWP42e nodificati on
wi than &p;mg akhistdd usipkha 10

sol ugl I |C§}é{rﬁg%}gd% Esgc} EMGBQ revi Légss;i/dwvggge@?ﬁﬁ?gnggﬁl ication of materi al

t hat prcpteﬂeﬁslymhad)r;eﬂlphyscalmetqus nmetal deposition. Formation of catalytic

sites may alsg be referred to a net al ng of a
cat al yzed i qtheP rEﬁe?E‘t“é{Fm’;?BIW%ﬁessa(ﬁrf’%?eﬁﬁfgl&cessng{lwglta lﬁé ?’ é!:l rcuit
traces. g&&ﬁ &t £0P A1AC 4R ahadiitiat kAnigfic,ahd potesk rajuives mitiatiainy zed
surface an eve oprment of a 1?attern in the resist. The de elmt process

exposes siffacamnatiificaidorsvitesn etg arisompegitien eqryritsing goallapmetahs of met al

deposj tion.ste b I t he pattern
forned i thbﬁ]ézegeag ¥°”L°R§P§-‘1V‘°E‘éla’o &?‘%o&ﬁgn@q Qatga-f (Zf{crg%?rlg |t§éﬁ d ‘E%Sng a
conbi nat ¢y sﬂe@‘t‘chﬁhéthﬂ&&pbﬂﬁdnudilongatﬁirﬂﬁ’tcatalm$1tpd mhy algo badeferm¢dotasol yt i c

plating to Eroduce netal traces corr tolth ‘Eﬁrn of .th
cat al yzeaetabseeding. Fuytheppracessingq r"i‘lc@%a g Gg Wa A ?cﬁtpéoqlﬁgese? evat ed

tenmperature gpclf%u{!&ae&s ReffifedRie)d lrﬁgcil/‘ﬁ% 1§m{1ﬁhaﬁ oB£RARMVdr althmlyzEy St al
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l'iquid crystal poI ymer substrat
20 A process for producing a metal seeded liquid crystal polymer comprises the steps

of, providing a liquid crystal polymer substrate for treatment by applying an aqueous
solution comprising an alkali metal hydroxide and a solubilizer to the liquid crystal
polymer substrate to provide an etched liquid crystal polymer substrate. Further treatment
of the etched liquid crystal polymer substrate involves depositing an adherent metal layer
25  on the etched liquid crystal polymer substrate. An adherent metal layer may be deposited
using either electroless metal plating or vacuum deposition of metal such as by spuitering.
When using electroless metal plating, the process for producing a metal-seeded
liquid crystal polymer comprises the steps of providing a liquid crystal polymer substrate
to which an aqueous solution comprising from 40wt% to 50wt% of potassium hydroxide
30 and from 10wt% to 35wt% of ethanolamine is applied to provide an etched liquid crystal
polymer substrate. Applying a tin(II) solution to the etched liquid crystal polymer



to which an aqueous sol ution conprising from40w % to 50wt % of potassium
hydr oxi de 30 and from | Om % to 35w % of ethanolamne is applied to provide
an et chedwbiogwem2crystal polyner substrate. Applying a tipeflusp2/s@Buti on to
the etched liquid crystal polyner 5 WO 03/022021 PCT/ US02/ 26030 substrate
foll owed by a palladiun(ll) solution provides the netal -seeded |iquid
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al so includes a process tor etching a pattern in a liquid crystal polynmer.
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crystal S@Eﬂ Zgﬁé ?OW\ESWh&%;SB'é%é?%@ &I“%@Z@Egﬁﬁﬁﬁ?& n Qe éOIP'é‘PP_p‘Qrpé?YJ?eethFr om 50C
t0 120C.etchdht ddnidsiibh @ﬁi‘?&bl&ﬂ)‘?@féﬁin%!tﬂé‘li defystil p&gﬁl P A4ehBBrahle WBRET Of
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of a solXC It ¥20°Cdi ssol ved in the solution. The etchant conposition etches
previ.ously unexpose ortions of the liquid crystal .polyner i.ther by
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desi gnat ed conponent. Det aifed Descri pti gn g? thrg | nvention g

layer of photoresist to the liquid crystal polymer; exposing the photoresist to a pattern of

radiation to crosslink portions of the photoresist exposed to the radiation and using a
developer solution to remove unexposed photoresist. This exposes portions of the liquid

20 crystal polymer which may be etched by contact, at a temperature from 50°C to 120°C,
with 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.
The etchant composition etches previously unexposed portions of the liquid crystal
polymer, either by immersion in the etchant or using spray etching techniques.

25 As used herein all amounts included as percentages refer to weight percent of a

designated component.
Detailed Description of the Invention
30 The present invention provides a film substrate for flexible circuits capable of

operating at higher frequencies than currently available flex circuit substrates, particularly

polyimide films such as KAPTON™ and APICAL™. Attainment of higher frequency



30 The present invention provides a filmsubstrate for flexible circuits
capabl e of operating at higher frequencies than currently available flex
circuit swbaBmoatoes, particularly polyimde filns such asPKARB@IB@EN
APl CALTM Attai nment of higher frequency 6 WD 03/022021 PCT/ US02/ 26030
performance, in response to the demand for faster electronic devices,
results fromthe gradual devel opnent of nethods for processing liquid
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structures. ace i o the present invention result frometching a LCP
pol ymer ‘i & °§‘§¥‘?ﬁ§§%&ﬁjnt act of the filmwth an aqueous al kaline etchant at
a Advancements according to the present invention now provide an aqueous-based

20  chemical solution for controllable etching of unsupported leads, through-holes with angled
sidewalls, and other shaped voids in films comprising multiaxially oriented, thermotropic,
liquid crystal polymers as flexible circuit substrates. After processing by chemical etching,
flexible circuits using LCP film substrates possess all of the benefits of similarly processed
polyimide films with the additional benefits of higher frequency operation along with, and

25  because of, lower moisture absorption.

Flexible circuit structures according to the present invention result from etching a
LCP polymer film during contact of the film with an aqueous alkaline etchant at a
temperature of from 50°C (122°F) to 120°C (248°F). The formation of unsupported leads,
through holes and other circuit features in the LCP film requires protection of portions of

30 the polymeric film using a mask of a photo-crosslinked negative acting, aqueous
processible photoresist. During the etching process the photoresist exhibits substantially

no swelling or delamination from the LCP polymer film.
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polymers are unaffected by potassium hydroxide and require highly alkaline aqueous

20 etchant solutions according to the present invention comprising water soluble salts of
alkali metals and ammonia combined with a solubilizer for the LCP film. Suitable water
soluble salts include potassium hydroxide (KOH), sodium hydroxide (NaOH), substituted
ammonium hydroxides, such as tetramethylammonium hydroxide and ammonium
hydroxide. Bases with low water solubility such as lithium hydroxide, aluminum

25  hydroxide, and calcium hydroxide are not useful in processes of the invention due to
solution saturation below useful concentrations. Useful concentrations of the etchant
solutions vary depending upon the thickness of the LCP film to be etched, as well as the
type and thickness of the photoresist chosen. Typical useful concentrations range from
35wt.% to 55wt.%, preferably from 40wt.% to 50wt.% of a suitable salt and from 10wt.%

30  to 35wt.%, preferably from 15wt.% to 30wt.% of a solubilizer. The use of KOH is

preferred for producing a highly alkaline solution since KOH-containing etchants provide
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over d| ff t| es W|t use a eri ng or vapor
oSt atrafied ot male By A O utee Boh e gl FER TRy ver s w ¢ hout
the use pa‘iyrﬁermnbgﬂdmﬂ?atmerﬂm déselopdd @i Mtz%@dukbtpre&%s arefiodeng to
the present invention facilitates surface preparation of |iquid crystal
pol yrrer gngtalrfraie fose aicanneiiequdneonguctare astitracesi The subsrgctive method Wadus
metal c
pr epar a?l %%ens%r?ﬁ rrl)(; 8‘];6%(%)4 érg\/ﬂ)u% H%ﬁélgkgegs‘?%%&leﬁén%{r Va%h%‘egpﬁtst%%gr%é i ve
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20  bonding agent.
The use of etching solutions according to the present invention facilitates surface
preparation of liquid crystal polymers for deposition and adhesion of metal, either as a
continuous metal coat or preferably in the form of a metal pattern. Surface preparation for
improved metal adhesion promotes the use of additive methods that produce metal
25  patterns on liquid crystal polymer substrates. Suitable means for metal application may
include vacuum sputtering, or vapor evaporation, or electroless plating or the like after
suitable surface treatment of the liquid crystal polymer. A primary objective of surface
treatment is to promote compatibility between a metal deposit and the liquid crystal
polymer. With suitable compatibility, a metal deposit adheres to the polymer surface
30  producing a bond that resists separation.
Suitable surface treatment of liquid crystal polymers includes a process according

to the present invention. This process allows selective plating of metal trace patterns on
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crystal polymer films without using bonding adhes1ve layers. The additive metal process

i onal

20 achieves conductive trace formation using electroless plating of fine pitch structures
excluding bussline features.

The present invention allows change in the contour of through holes, vias and blind
vias depending upon the concentration of solubilizer in the etchant and the temperature of
etching. A solution of etchant containing 10wt.% to 15wt.% ethanolamine provides a

25  through hole angle of 25° to 35° while ethanolamine concentration of 15wt.% to 30wt.%
in the etchant solution provides a through hole side-wall angle of 35° to 45°. The side-wall
angle also changes with alkali metal hydroxide concentration in the etchant solution, such
that over the concentration range of from 35wt.% KOH to 55wt.% KOH the angle of the
side-wall changes from 25° to 55°. Modification of the angle of the side-wall is not

30 possible using drilling, punching or laser ablation. In these latter cases, the walls of

through holes are substantially parallel.

10



vi as dependi ng upon the concentration of solubilizer in the etchant and the
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i s thenq 5?? fchjg ﬁFré’PE%}ef%l“H%%llﬁnghd?SHF‘éRﬁ@é%s are d’l‘éﬁegﬁp bathctidespfdie t he LCP
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as previously described, at a tenperature of Cto 120 Cto etch away
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Subsequent |y, exposed portions of the orj %_Il nal thin cog | ayer are
areas of the oniginal thin copper layer. The resist is then stripped from both 51des of the

20  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
etched using an etchant that does not harm the LCP film, e.g., PERMA-ETCH, available
from Electrochemicals, Inc.

In an alternate process, the aqueous processible photoresists are laminated onto

25  both sides of a substrate having a LCP film side and a copper side, using standard
laminating techniques. The substrate consists of a polymeric film layer 25 pm to 125 ym
thick with the copper layer being from 9 um to 40 um thick. The photoresist is then
exposed on both sides to ultraviolet light or the like, through a suitable mask, crosslinking
the exposed portions of the resist. The image is then developed with a dilute aqueous

30  solution until desired patterns are obtained on both sides of the laminate. The copper layer
is then etched to obtain circuitry, and portions of the polymeric layer thus become

exposed. An additional layer of aqueous photoresist is then laminated over the first resist
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exanpl eshescepaefihe inventien whichss expressal sohaly by ¢herddimisnt ended to linit the
scope of the invention which is expressed solely by the clains. 15
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folhlgws: FilmA - a LCP/copper |appdphéntdlW L. CGore and Associates of
Japan). FilmB - a LCP/copper |lam nate K-CT ( Kuraray Corporation of
Japan). Fi | fxperiments gereceopgested with A&Pemmenids deseribedigs ollepsr at i on of

Japan) . FllﬁlOAFl A ﬂtp/copl?erltgﬁma{e (Wio&xte%ﬁ liksggglétes g}Of aSar%.nd Associ ates of

Japan) .
Film B - a LCP/copper laminate K-CT ( Kuraray Corporation of Japan).

Film C - a LCP/copper laminate R-OC ( Kuraray Corporation of Japan).
20  Film D - a LCP film 50pm thick (W.L. Gore and Associates of Japan).

Film E - a LCP film 50pum thick (Kuraray Corporation of Japan).

The etching rate of liquid crystal polymers was estimated by determining the time
required to dissolve a film of a selected polymer in an etchant solution. Film A was further
25  tested for etching performance of circuit features using resist coated film. Etchant solution
performance was visually assessed using a ranking scheme wherein 1=
Satisfactory etching and appearance.
3 = Marginal performance or attack of the resist.
5 = Unsatisfactory performance

30 Etchant Solutions

Table 1 shows the compositions of etchant solutions 1-8 suitable, according to the

present invention, for effectively etching liquid crystal polymer films as well as

12



FilmE - a LCP film50umthick (Kuraray Corporation of Japan). The etching
rate of liquid crystal polyners was estimted by determning the tinme
requi red woodiog®el ve a filmof a selected polyner in an etcharsn2/se@Buti on.
FilmA was further 25 tested for etching performance of circuit features
using resist coated film Etchant solution performance was visually

assessed using a ' sche wherei.n. 1 = Satisfactory etchi and
Aopear afobpogtann L6 G GsBRRDY BRELHRY TequeR B PRARHYePefl iTg 2

Unsati sfa@igy.y performance 30 Etchant Sol utions Table 1 shows the

conposi tions of etchant solutions 1-8 suitable, according to the present
i nvention, for effe’Eﬂbﬂe/bl-yEwhﬁniSQ@tionr@mwm&nﬁg filnms as well as
12 WO 03/ 022021 PCT/ US02/ 26030 conpositions Cl-C6 that generally do not

£11

2Bl bt o Cooere ol RS L B ose b o2 doapost 1 on- o s
YEA* | UKOH WAt er 1 20/ 40/ 40 2 33| 40bZA*/SKIOUAGWARr 4 |20/ 45/35 5
19.3/48.2/32.5 6 100/50/50 7 20/R8/ 42 8 15/ 44 7/40 3| Cl 21.9/31.2/46.9
C2 33/33/34 C3 15.7/33.7/%0.6 4 17.6/380/80/48.8 C5 O/ 40/60 C6 0/50/50

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

5 *EA = EthanolamineKOH = Potassium Hydroxide

Testing Conditions for Liquid Crystal Polymer Film Solubility in Etchant Solutions

Samples of 50um (2.0 mil) thick liquid crystal polymer film, 1cm x 1cm square,
10 were submerged in etchant solutions contained in an etchant bath. The temperature of the
etchant was maintained at 85°C and the time was recorded for dissolution of film samples
in the etchant solutions shown in Table 1. Times exceeding 10 minutes indicate poor
etchant performance. Although some etchant mixtures rapidly dissolved the liquid crystal
polymer samples, they did not perform well when the liquid crystal polymer was coated

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

13



5 *EA = Et hanol am neKOH Pot assi um Hydr oxi de Testing Conditions for Liquid
Crystal Polynmer Film Solubility in Etchant Sol utions Sanples of 501tm (2.0
m ) thi ckolosgeooel crystal polymer film 1cm x | cm square, PCTUSOE2G@30
subnerged in etchant solutions contained in an etchant bath. The
tenperature of the etchant was maintained at 85C and the time was recorded
for dis Iut|n f fi utions shown in Table 1.
Ti mes excaed Bon3 ger f ormance. Al t hough

sone et chant T‘W&Ia%r%%f B@l&hﬂﬂhYckddqlﬁécﬁis\fé‘s‘i’sté Q@aﬂdb%&n%xﬂ%h@hnde?ﬁley”er
sanples, they did not performwell iquid crystal polyner was

coat ed IEdgnanke &ISM%&%Z% wiged lopartatad with h@aﬁ@ﬂﬂbberrmﬂ%tq 3aﬂeX(llslee Table 2

solutio 20 Testin ndj. ions for
Rosi ot - CHBTBIE e e VLR CRRTRTu T RS0 857 e i BpolloneRtS: "Squcous
resi st s, TiaMaminakd xeasfthanbm&amltu Iilﬁﬁli/ldlé’tQUVt) nightetheotigh RIphdfhddViod ek omer e

| am nated with heated rubber rolls to a flexible substrate consjsting of

50 m ( 2.9ckpids apg deveoped Mmhd}ﬂ%éq'sqoa%sce;{%orb«efpﬁémwbw@%?rh@t silese
| t hot ot ool
am na qova@&mﬁi}e& f?g ﬁ%vgr" dﬁmg%]ﬁ% %H\Qd d @Bop b SRR ¢ fheP PO OF 00

or mask on 5% aqueous sol ution of sodium
car bonatlemontdtot3y pam cleﬂ;ucknassoﬂneaLﬁP dids mraedhanrmgeddﬂy da:ppmguntcr 3n etCgmper was

then plated on.the co side .of th 35 i n thi The
Lop"sP o D iE o RERe somisifom e n YRR Tné fertbeptins at b SFRERe ono of
t he 1©0MRE Wwhddshtlollsd QtCBSP(I lgT%”F? Each Tdifst WasBRh Madh&l With Wakrainghrnt 10 bath
was controlled at 85C Each resist was then washed with wat er, and

the redegst wasstrinped pp Mtl‘{qOIzI 206 %9 & CoEls eandgisg of prekied fims weon of

etched f r with FilmA as
recor dedé V}‘lﬁﬁtfg%? getgl?ﬁ%}llggﬁtcggﬁ%-gr%&l %ﬁﬁ%%ﬁa@kﬁbﬁéﬂ%"ﬁ%ﬂ& gzr' FilmA
Et chant LCP Tine (m nTab'I[éma- (Sulutjonkind EacHing "SﬁﬂldstfbﬂﬂllrﬁlAm FilmOnly +Resi st

Per f or mance A-6-3-8- 51 16501 3 A4 51103 4 A24551 5
A2 4 -1 6 A @t@ha@_t 5 1 LCP Time (min) | Time (min) Etchant
Solution Film Film Only +Resist Performance

1 A 6.3 8.5 1

2 A 1.6 5.0 1

3 A 4.5 11.0 3

4 A 24 5.5 1

5 A 2.4 - 1

6 A 3.0 6.5 1

7 A - 6.5 1

8 A - 6.0 1

C1 A 4.0 10 5

C2 A 27 6.5 3

C3 A 52 10.0 5

C4 A 2.7 9.5 5

C5 A 26.4 - 5

C6 A 24.6 - 5

14



7A-6.51 8A-6.01 C1A40105 CA2.76.53 C3A5.210.05
4 A2.79.55 C A26.4-5 C6A24.6- 5 14 W 03/022021

PCT/ US02/\e6®30220Iabl e 3 - Sol ution and Etching Tinmes for PCrrase/edoshant LCP
Time (mn) Etchant Solution FilmFiIlm Only Performance 2 B 3.2 1 3 B
5,51 4B501 6B2.21 d B>35.056 C2B14.25 CG3B>3.05 ™ B
>30.0 5 C5 B >72.05 5 Table 4 - Solution and Etching Tines for FilmC
Etchant LCP Time (mn) Etchant Solution FilmFiImOnly Performance 2 C 3.5
1 3C571 4C5.21 6C2.31 d C>35.05 C C>10.05

Table 3 - Solution and Etching Times for Film B

Etchant LCP | Time (min) Etchant
Solution Film Film Only Performance
2 B 3.2 1
3 B 5.5 1
4 B 5.0 1
6 B 22 1
C1 B >35.0 5
C2 B 14.2 5
C3 B >35.0 5
C4 B >30.0 5
CS B >72.0 5
5
Table 4 - Solution and Etching Times for Film C
Etchant LCP | Time (min) Etchant
Solution Film | Film Only Performance
2 C 3.5 1
3 C 5.7 1
4 C 5.2 1
6 C 23 1
C1 C >35.0 5
C2 C >10.0 5
C3 C >60.0 5
C4 C >30.0 5
Cs C >72.0 5
10
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CG3 C>60.05 ¢4 C>30.05 C5 C>72.05 10 15 WO 03/022021 PCT/ US02/ 26030
Test Methods Qualitative Adhesion Test (ASTM D3359-93) The test nethod
(ASTM D3386-098)202equi res the formation of an X-cut in thePCirlusn2/zd30
conductive netal applied to a liquid crystal polyner substrate. Pressure
sensitive tape, 5 applied over the X-cut, provides a qualitative neasure
of netal -to-substrate adhesion when renpved fromthe test material. After
renoval of the test tape, the met destMetbodsst rat e adhesi on may be assessed
using a suitable scale 1 nd] : on of netal. Adhesion
of Plated Metal to Liq ik B 459& & | ]5%@13 adhesi on or bondi ng
qual ity of cdriduet ma;hdd(iAtSﬂ"MmBﬁ&@é) wfuireshe ﬂ)rmayem af an Yeduy irethe flilthm was

d th t] t d tgst method. | PC-TM 650,
Ao | ot rERORHT BePLARRSAAY adkig Sl AR arer i PR alTized as

the tsestap H&P(Wdﬂﬁler)@%ut ﬁ)ﬁﬂqd&é atdmhﬁtaheéﬁleﬁrﬁw@ﬂnetaﬁto%ubﬁt@a@ afifiegfoar ati on and
Additive tal Plating Exanple 1 Liquid crystal polynmer film (FilmD)

obt ai nedviengameyed frag ke picmatesdc Aferrsmpyal of dhreiepidaps, theanetabie-WbptiRie a

m xt ure % 9 conds.

The rmdia;alLeg‘;} ?nﬁaﬁ{mag%g?s%%lggg%ﬁ%bgé%cg%(tﬁgﬁgag ﬁe&%gé;%{:rgf#gl?mﬁ 0%91 %g

st annous chl ori de and 40mL35% hydrochl oric acid per [i ter of soI uti on

After an i nmersion of room t enperature
the treated fil m wak ', Ked e ' eﬁ@lon of the treated
filmg n a paltadigHedidd or mhyfgl ch'ahty &%ﬁ@dcwrm tﬂe 3&%&%'1@@1'&@5&41) chloride
and 2. 5m.35% hydrochloric acid per liter of solution, for approximtely 15
seconds polpuérddom wasomeashrededing theprecedire eftlinedoig ssaandh@rtefftmltabo BCaTMet al

e P o 35 RS bR B o 1

el ect rollﬂgﬁllﬁ'{jl@&fﬂ{-edajytﬁisltéyﬁmeﬁwdc Ni mruden SX avail abl e from Uyenur a
I nternational Corporation, Ontario, CA) at 85C. Plating tinmes were 2 to 3

mnutes to obtain several different thickness of sanples.
15 Surface Preparation and Additive Metal Plating

Example 1
Liquid crystal polymer film (Film D) obtained from W.L. Gore and Associates was

chemically etched using a mixture of 45% KOH and 20% ethanolamine at 85°C (185°F)
for 5-10 seconds. The modified film was immersed in a tin(Il) solution comprising10g

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

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

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

polymer surface under the conditions of qualitative adhesion testing.

16



The pl ated thickness depends upon the plating tine. There was no

delam nation with the 30 Qualitati ve Adhesion tape peel test. In contrast,
sanpl es pwetoad2202t hout chem cal etching, as described abeece/usshoned

evi dence of netal delamnation fromthe liquid crystal polyner surface
under the conditions of qualitative adhesion testing. 16 WO 03/ 022021

PCT/ US02/ 26030 Exanple 2 The process of Exanple 1 was repeated using a
liquid crystal polymer film designated as CT grade filmavailable from
Kuraray;%gﬁﬁgégtion of Japan. After nmetal 5 seeding film surfaces,

previ ousTy etched for times between 20 seconds and 60 seconds, a netal
deposit fromEheriredess oEExamploll exas repeated nging atliquidérygak pdymenfin t o fil m

adhesi on, wi thout ~del am nati o nder the canditions t he, t ape .peel test.
o cont risent G cEE AR AR EEn KD b bieBRT of bl MEeBoG above,
showsd extdlan 6om elirfAgRE PredohstyTttondd R timkes BERweBe20 b&pdhds &1dysHt aboris) &/ mer
surface under the conditions of qualitative adhesion 10 testing. Exanple 3

A sanpl eneiel dppesibirom) anigkel elecyplessoratmedngh exhibitgdmetalip fdmpdhesionsc for 60

seconds | elr: re: ' t i S

Qo 872 R Bl SR RPRRIRINELE 1 RSP, o e PR g

pr ocess, wilthue clanios| diching, as désetibed atmeesshpwed exadendeyf Bxedatpleaniindioanpl e 4
This ex | & sho i oved bongdi n f sputtered tal coatings to liquid
crystal OB ey Rl eRfaesTterr dades e iGont ehaAF ALRORS accor di ng
to tige pegsgnt invention. In this case, a liquid crystal polyner film
etched as described in Exanple 1, was inserted into a bench top sputter
coater to coat the filmwith Pd/Au at a current of 10 mA for 25 seconds.
Prior ar x}ﬂ@g”ﬁti on suggests that the resulting nmetal deposit has a
thickness tit the range of 0.04mto 0.5m Follow ng sputter coating, the
filmwas i meAsafiplaiof AKeldFated filinGrae ERaepleilnvaimhasddrald63S fa@dper pl ating

bat h avai |l ab] e as ENTHONE OM -872 . fr Ent hone- I r ted. The
pl ated cHRYME MayCIECFILISLOPRITRIAIDE hagsayaﬁii%ﬁaslgﬁw Bﬁﬁﬁ&%&é °Hbt
r emoped ﬂ%ﬁbﬂ&oﬂﬁﬁﬁéd?ﬁor%&ﬂo @%@ghp{&gél,@aewﬁgz ik prBBessUAhblatlelBo AfikEST ON

adhesi ve tape peel test. 3
traces produced by Example 1

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

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

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

adhesive tape peel test.

30 Example Cl

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

polymer film available from W.L. Gore and Associates. Removal of portions of the resist
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Exanple O involved the application of a protective resist to a liquid
crystal polyner filmavailable fromWL. Gore and Associ ates. Renoval of
porti ons wb oshzoeesi st 17 WD 03/ 022021 PCT/ US02/ 26030 r eceaisezi2zé@3patt ern
of the exposed surface of the liquid crystal polyner film The exposed

pol ymer was corona treated using a hand torch device applied for 30

seconds. After corona. treatnent, th difjed filmwas_i rsed ip tin(ll)
sol uti onr%ﬁe R} Athe Fypops sgréi98ﬁ§§1r5§ 16 Grygalpobanerdipy. il} eaxw%e%anp! e
1. | mrersdigfeltastddgordal tRatehisidgd ahdn t@rcg dbaké Alieatdr 30 ebiHs! Rfter GRsHaal NI NY

0.25g palladiun(ll) chloride and 2.5nl35% hydrochloric acid per liter of
sol ut i ontreatroentathp mndi fret 2lny wasingmensediin ti(B)/sadestpnaforaprapxinseadylédl il m

Dei oni ze er sed tq ri.nse_t fil €le il rsien in the

ol | adr e Sha MRSed B RsGrbe E RLph IR 1 iy MRl TR W] 01 o1 e
coppey spdlldbiuaiilIpsolutddi;comthinling @23 g patladiain(Il) tkloAdeandl. eml pswduced sanpl es
of differing netal  thickness 10 dependi ng on the devel opnent tine. The

pl ated coypeshlasicarispgdide of sabstien for amprojimatelyoby segemsairayidede mel | i qui d
crystal RehdfTin. DBt ARPAEMI R0 Crme U Filnf e ifANRIGRII MY that the
process of corona treatnment and netal seeding 1s used as a conventi onal
met hod padladise®H) segutpmd. yThe rdetabsebded faewas [dlsted abtlectfoless@oppdrtsaltutioe atvet al

Adhesi on_t.0, Liguid Cr | ,Pal ynmer Fil Ex . Qual i tative Adhesion Test
o ot 3 Relol Faeh B B2 e B St sminhGE PhT P R AR i it on
4 Nojgret @peflEh@bh fiRtde9Blopfabnt\ithel THYIALE dupbbOshoted gb¥EEondaxaviB) kutS 20

Et chant sol utions, according to the present invention, facilitate the use
of vacuuPgor aghpstoartp g limid cpysighpalymen Thisobserationgs signtiraet easideigl | ayer
on a |i gy I ' - of i i{4) LCP
i1 o tag P or Qo gatmichl M MEHPcERnRe G b 80 on M il

t r eat menfor e¢edinggmly@ohidd dubstedtedrant sol ution as indicated in Table 6. After
treatnment, each filmwas placed in a vacuum chanber and an adherent 25
metal deposit was applied using conventional sputtering techniques to apply

chropgumto a thikeesuaditRie I Adedidio PiduRY €fysRi PERRREFilgPPr oXi mat el y
100nm was sputtered

Example Qualitative Adhesion Test

1 " No metal delamination

2 No metal delamination

3 No metal delamination

4 No metal delamination
C1 Metal delamination observed

Example 5
20 Etchant solutions, according to the present invention, facilitate the use of vacuum

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

a thickness from 3nm to 20nm. A layer of copper approximately 100nm was sputtered
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18 WO 03/022021 PCT/ US02/ 26030 over the chrom um of the netal -seeded
liquid crystal polynmer filnms. The resulting sputtered filnms were

el ect r oplwped/orm2i ncr ease the copper thickness to approxi matralisy2/iddse Met al
test patterns required by the IPC-TM 650 test nethod were generated using a
conventional subtractive process for printed circuit preparation.
Thereafter, Instron peel 5 test results, |listed in Table 6, reveal ed

si gni fi coUsF the&mémth%m%ﬁ%ﬂdeg iqwﬂamsaﬂ eelymes films, diheresultiignesi on af t er
pol yner gufag@ihd @@}e@é&ropﬁkéﬁgoqm&sg fle &ﬁ%&'tﬁgkl%mﬁiﬁbﬂﬂﬁtelﬁﬁﬁﬁ{.d' ng to
the present invention. Table 6 - Effect of Surface Treatnent on Metal

Adhesi on 10 Matablest p@ttauhis réquiredy|thesPCehidk 65 ONestmethdsd were geteratedaaingant 0. 14

(0.79) Etchant at,75C for 5.0.seconds. 0..41 (2 32 Et chan t 80C for 10.0
Secontis Ggtna bt Reive piocssior BERRY BrcuitpeP Galdh Tubsang bl P, ol e
Exand e stirssults,MTstedlin TabRXGfBletled sipniTRRtt iPFovieh@ntefmehl aivuandryamal
sputterin techni ques to deposit metal on a npving film suspended between
a pair ofolymen aghesipiafiqripglymes sprfacs teratingnh upigg chenpicalstehing eompesitionss pef or e,
S01i m (2,00t tB%eﬁ%&eéénﬂH)hgnﬂ ystal polyner film Before |loading into the
Sputtering ap&arat S, each ro of filmwas either left untreated or
chemcally etched at 50C (120F) at 72 inches/mnute |ine speed. Table 7
records the results_fqr untreated filmand for o different rolls of
liquid crystal pol y];%bqeif—gﬂc LT R 88 DS Osame conditions.

I n aggsequence of treatnments, sputtered 20 chromumwas first applied to
each filmto deposit a layer of petal from3nmto 20nm thick Fach liquid
cryst al| pol yner Stinple Géngditlanecei ved @ coatPeshstengdolfsem (Fdiw) ng a | t hi ckness
from 10prm-to—208amccopper— The—restit-ting—sputtered-fitm—were—then treated
to augnent the spoftd 'f&icopper wiih from 10mts G&h mof el ect|ropl at ed
copper . | Metgkchdr el 70at o5 0scé®@yl red by the 1 P47k 620 test method were

generated using a 25 conventional subtractive process for printled circuit

prepar at i oftchanias 88%aifer, |0 Ghsscprdts pe¢l test re@dl{236)isted in Table 7,
reveal eg—significaat~nprovenentof rmeta—to gy s ystat—pohyner
h aftar AR e OO Seands OB D

adhesi o ace lreatnent using C | etching
conposi tions.

Example 6
Example 6 is similar to example 5 except for the use of conventional sputtering

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

polymer adhesion after polymer surface treatment using chemical etching compositions.
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19 WO 03/022021 PCT/ US02/ 26030 Table 7 - Effect of Surface Treatnent on
Met al Adhesi on Sanpl e Condition Copper thickness (m Peel strength N mm
(I'b/in) wWoosnozmenent 10 0.16 (0.9) Etchant at 50C at 72i perTAGoD2de40 (3. 1)
Etchant at 50C at 72ipm 35 1.0 (5.7) Prelimnary treatnent by etchants,
according to the present invention, provides 5 inprovenent of nmetal to

pol ymer adhesi on usi ng netalllzatlon pr ocesses |nvoIV|ng ei t her

el ectrol ess pl ati nglahle {aEffest of Systace Trsatment gn Metal: Adhesigl  As descri bed
above, an etched Iliquid crystal polyner may be produced using either a
batch process or a continuous roll- to-roll process. Flexible circuits
conpri sl ng SarhpleGodditioyst al @oppemlmclinekmunm)n i Pedd tstremjsth Ngmm (lb)’irpr ocessi ng
such a fH-+m—havebeen—deseri-bedhererar—FHmproe ng—accerdHng to the
pr esent |nveﬂf‘?6?ﬁtinﬁ’btr oves fthe bondibetween film su@gﬂ(g?)e and netal and
facili tatLq? hani &t SOPC%PEHZ@H on of add{give confiluctivey g4yt patilerns having
t hrough-holes and related shaped voids forned therein at’ el evatled

t enper at (Htehansatrf§°Enat @gipeous et chand5 sol uti on has Bée(d.Hescribgd herein.
Those © the

11 hi 1~k Af
—apPpr-ett ate—tnat—+A—1+ grt—otr—tne—pr esent 15
di scl osure, changes may be nade to the enbodi nents descri bed herein w thout

departing frﬂ@h&liﬁ?ﬁﬁédtin’ént%}det%ﬁ@ea&f)rd‘i oRhEpRBdnt iféaiidh, Providdd WO
03/ 022021 PCT/US02/ 26030 d ai ns \What |sﬁg§tl ai rrgl? is: 5 1. process for

proddci nignproveateat okmetabie nqlnqmrdidbﬁ:sy@twnnad@pﬁpﬂféatmbmW%mqulh@g eiheps of .
rovidin | uti
Do L el Y Sl IR 24P Shi ARy SPRLHHAG APyAIHERAR SOl U1T 0"

crystal Ipplidomstaspdighenhey bepmﬂwdddsn@relthémwcﬂ prguésd oc ayshtiuoud thilpol yner
substrate; depositing an adherent netal layer on said etched |iquid crystal
pol ymer toupld PrOgeESs: 2. The process of claim 1, wherein said al kali netal

hydroxi de is §gliselduit! Ahpri¥hg a liquid crystal polymer film, and methods for
10  processing such a film, have been described herein. Film processing according to the
present invention improves the bond between film substrate and metal and facilitates the
preparation of additive conductive circuit patterns having through-holes and related
shaped voids formed therein at elevated temperature using an aqueous etchant solution has
been described herein. Those of skill in the art will appreciate that, in light of the present
15  disclosure, changes may be made to the embodiments described herein without departing

from the spirit and scope of the present invention.
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group consi sting of sodi um hydroxi de and pot assi um hydroxi de. 15 3. The
process of claim1, wherein said solubilizer is selected fromthe group
consi st i ngoaB/oetoby| ene di am ne, propyl ene di am ne, et hanolpamiuse2/26060
propanol am ne. 4. The process of claim1, wherein said aqueous sol ution
conprises from35m%to 20 55wt % of said alkali nmetal salt preferably from
40wt % to 50wt % of said alkali nmetal salt. 5. The process of claiml1,
wherein sai d agueous sol ution conprises froml1lOMm%to 35wt % of said
solubilizer preferably from 15wt % to 30wt % of said solubilizer. 25 6. The
process of claim1, wherein said applying said agueous solution requires a
time from 10 seconds to 10 m nutes &llaimst enperature from 50C to 120C,

prefer a%ﬁaﬂig claftn(ljedglgzc' 21
5 1L A process for producing a metal-seeded liquid crystal polymer comprising the
steps of:
providing a liquid crystal polymer substrate;
applying an aqueous solution comprising an alkali metal hydroxide and a
solubilizer to said liquid crystal polymer substrate to provide an etched liquid crystal
10 polymer substrate;

depositing an adherent metal layer on said etched liquid crystal polymer substrate.

2. The process of claim 1, wherein said alkali metal hydroxide is selected from the
group consisting of sodium hydroxide and potassium hydroxide.

15
3. The process of claim 1, wherein said solubilizer is selected from the group

consisting of ethylene diamine, propylene diamine, ethanolamine and propanolamine.

4, The process of claim 1, wherein said aqueous solution comprises from 35wt% to

20  55wt% of said alkali metal salt preferably from 40wt% to 50wt% of said alkali metal salt.

5. The process of claim 1, wherein said aqueous solution comprises from 10wt% to

35wt% of said solubilizer preferably from 15wt% to 30wt% of said solubilizer.

25 6. The process of claim 1, wherein said applying said aqueous solution requires a
time from 10 seconds to 10 minutes at a temperature from 50°C to 120°C, preferably 70°
to 95°C.
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