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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
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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
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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
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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
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t he nee or nove em cal sur e crys pol ymers,
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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
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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
adjusting the composition of the chemical etch solution. The new etchant makes possible

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
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
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substr at 01 eVvat e enperature. 20 A process for producing a

met al - seqgtde hndidévalopment of a pofeymiarthe msist. iThe devalepraerns processt exppsesvi di ng a
l'iquid crystal polyner substrate for treatnent.b | yi.n S
sol utY onc#pd, %tFﬁ@n”gﬁ hguidgrystaldo ﬂyér’%‘?}rggléogﬂgtaggéég%g :Hlslé %ﬁﬂyg% he
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as by spuidseThdigrocess limits exposure of the substrate to elevated temperature.
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
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from 50000QtaPAEC. with an etchant conposition conprising a solution in
nd fromlOm.%to

wat er. of from, 35wt . % to 55wt. % of an al 1 metal salt.
B5u % of 5 SUORPEO AsARELi Barach fecEira hrofiem tndiofiad! Conposi ¢ 1 on
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by i mersion in the etchant or usi g‘% spray etching techni ques. 25 As used
her ei n dpyer afphnierssistieltheiliqrid sryplal pelimay s¥pesiigthe photaessighto apattemmf of a
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



desi gnat ed conponent. Detail ed Description of the Invention 30 The present
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substrates, particularly polyimde filnms such as KAPTONTM and API CALTM
Attai nnent of higher frequency 6 WO 03/ 022021 PCT/ US02/ 26030 performance,
I n response to the denmand for faster electronic devices, results fromthe
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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.



Flexible circuit structures according to the present invention result from
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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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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



continuous netal coat or preferably in the formof a netal pattern. Surface
preparation for inproved netal adhesion pronotes the use of additive

met hods tweatospermeluce netal 25 patterns on liquid crystal palryusez/26030
substrates. Suitable neans for nmetal application nmay include vacuum
sputtering, or vapor evaporation, or electroless plating or the like after
suitabl e surface treatnent of the | iquid crystal, A primry

obj ect i V&ToRing Hsingan ac{dpté\gtﬁgmqqesmp@r%ewglgr% allt %BP sirfage het ween a net al
deposi t gnfls éal?i%g hg@% gle%b%fﬁéa’ﬁlon oP Hader Bl th?t rBOldts,éJéatta"} mfe@'ﬂ?ﬁh%gl lity, a

nmet al deposit es to e polyner sur pro uci ng a bond that
resi st s depgritiaat Fonmatﬁmdfabﬂabmsmrtémey alsehe rnfq:rredctb ab ingptal deardiygs Fatthgrol yner s

i ncludes_a roc S a cor n rese i nyention, This ocess all ows
sel ect i PEOS§ Sé’?%?f;a%?ﬁa %fé’%ta‘tppé’ﬁ?(fgﬁr%“fg?? 5 4P3YTHE ST Us02/ 26030
LCP &i | MacddS RRgGuiAR s@éiﬁllﬁdw@e TaRGiHRbA Y a rdsREoRr ACRRPyZ@ HitERSnlNi tial film
surface nodification before the aﬁpllcatlon of material that provides

cat al yt |d@vc§pmlégntf06ﬁ paveralin thegpesti Thodevelopment pr@ﬁesgﬁxmaca}@lmedsﬁltﬁ%@,n may
al so be tﬂel g(g' aP?Q lgpt nurﬁggr%f ggetal d'éécgs nttré%Erg s §n g?he: beg'l %&Ietdal yzed
a C ul

liquid crys surtace produ &Fn ot races.

Requi r edo ad@&pstal ﬁkﬁ:btt[iﬂg toathit pattérn forafeddn HRTesiét. Pleeal depcfs&toall niaesk surface and
devel opnment of a pattern in the resist. The devel opnent process exposes

cat al yzeaeccgnxtl@be%smg @ eompigatien eff%*maquewcymg electrplens lativg apgdt al

depqgi tigd r o the

pat ?grn trh@@@&’gﬁ? %Fes E&?@ ‘%ggepo f){%@ggggth%%)@émggg%ncg Sh%d using a
conbi natsitesd Coppdret nivkeglLasgaldot mﬂmMgate;lnedteremlf eny beldeposigd andestfibel ectrol ytic

plating to uce netal..traces carres ndln to.the.pattern of the

catal yz Q?Pﬂ Wi NE %‘*d‘%Ye MPesee or(y,onﬁmtlaeg cybiopnatiqn. gRuona etchige fay be
deposi t Gli'as%d‘i‘&ﬁ&xfdl BeLsidRROSist rﬁ@t@hﬂ‘ﬁr&gdés*heﬁlﬁﬁl@dtch’éﬁn Qﬂ'r&k?t@x%slnftﬁfs
conductive circuit formation, optional etching of vias and renoval of

r esi dualprocsss e bomd siréngth Qﬁmvtaueélqald drystalipotymodrrs sifficient withant ¢he uspof hi s

W gt AaegRey Bt AR BopdlTap piedess Pl dbie BRI ot ocese

I imts gepesdtisebshiatd tBeldviattditenpdriieal pol yner substrate to el evated
tenperature. A circuit aug‘rrent ation process according to the present

i nventi on apph FiEatit JigEtTeRtabBN Pracess aseOTHgUP Mharipenbmventi applies | exi bl e
circults, Jgfa 0 ﬁ&ﬁ\ifﬁ tgh 1@}&3%&3 eyﬁ?}cﬂ{ts i%%)é sIu' %@oﬂlmﬁ’“t usi ng

bondi ng "adhesi've ayers rocess I eves ' conducti ve
trace f atrystdlipolymes figs edlthommslix@mnpingtadh@lm‘lajrem d‘halatidhnvs tntieti tpudoess

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.
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50 m U FP% . ' he. phaf oresj st, to
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devel ope[\%o b(}/.rem) al of unexpos g olymer with a dilute aqueous sol ution,
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obt a5 nedhriRate OfkE ®pP&Ssid of!the]akmnata s A& irgl he laminate
I's then fur?her pci%g?edlt oo desi relél tt hitcknglgg;m%h%g%pg{;féggg%@%g of the LCP
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exposes poriohabNthe WP @hert e covered Bathe tchisslinken p&dist| EME bxpobbiceft@mi St 1S
then stripped fraomboth sides of the . . )
areas$ of the original thin copper layer. The resist is then stripped from both sides 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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which is expressed solely by the clains. 15 Experinental Experinments were
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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
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FilmC - a LCP/copper |lamnate R-OC (Kuraray Corporation of Japan). 20 Film
D- alLCPfilm50mthick (WL. CGore and Associates of Japan). FImE - a
LCP fil m®0bsreioni ck (Kuraray Corporation of Japan). The ecahisay2doat e of
liquid crystal polymers was estimated by determining the tinme required to
dissolve a filmof a selected polyner in an etchant solution. FilmA was

further 25 tested tchin rforma. e of circ ture sing resi st
coat ed f‘iOFTmOSlEPE%gL$63t§PtLﬁePB‘%H§’)38rnf’bﬁa 68‘1%?39?5?8&11 §§'§B’i QEH using a

ranki ng & wherein 1 = Satisfactory etching and appear ance. 3 =
Mar gi nal per ‘ormance or attack of the resi St . 5 = Unsati sfactory
per formance 30 Etchiade 5ol Bicha HIoNA& o ans 118canddnin@8i t i ons of et chant

solutions 1-8 surtable accordlng to the present |nvention for

effectively etching poty-rer—Hi1-s wehl as 12 WO 03/ 022021
PCT/ US02/ 26030 conp}o’éféﬁ @%T“ca thgonﬁ’r?ﬁ‘é‘?ﬁrw Mo not sati of y
requirenents for liquid crystal f|lm,pAohikarH/dwhate 1 - Etchant Sol ution
Conpositions 1-8 and_Cl-C6 Ftchant SolutionConposition - w.%
YEA* | YKOH 9Nat er 120/ 40/ 401233/ 40f 27 310/ 264040420/ 45/ 35 519.3/48.2/32.5
610/ 50/ 50 720/ 38/ 42 [815¢ 4427/ 403 €129/ 373745/’2476 9—€233/ 33/ 34
C315.7/33.7/50.6 C417.6/ 3576/ 45. 8

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

Ci 21.9/31.2/46.9

C2 33/33/34

C3 15.7/33.7/50.6

C4 17.6/35.6/45.8

C5 0/40/60

Cé6 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).
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C50/ 40/ 60 C60/50/50 5 *EA = Et hanol am neKOH Pot assi um Hydr oxi de Testi ng
Conditions for Liquid Crystal Polynmer Film Solubility in Etchant Sol utions
Sanpl es ovo®Baawe(2.0 ml) thick Iiquid crystal polyner fipcruUShz26030 | cm
square, 10 were submerged in etchant solutions contained in an etchant
bath. The tenperature of the etchant was nmaintained at 85C and the tine was
recordedrfor di ssol ution of film sanples ilp t he Ig}chant sol utions shown in
Tabl e 1.+SfHR%esORCIIANSHORS ed laguid Caystal Bolymer Filmy - hgnt per f or mance.

Al t hough somnergg ra?@f@tofewhym dqaBbIrsidd, 39 RIFSADYP A hishep rest al

pol ymer sanples, fhey did not performwell when the liquid crystal polyner
was coatteadenBneRIST QN a4 Ao weredlemartatgslabitle hdatedrubberirells toet Bexible (see Table 2

solutio 1-C4) .. 13 / 021, P 2/ ting Conditions for
Resi ot Cuarr torsishde €3 CpmE AR S i o 8R Que ME LT IR "3 L eous
resi st s, TiaMamlnatd wasf thewreipobadvith ntiewidldtg§UW) ighetheotgh RlIphdthddViof iidék over e

| am nated wi th heated rubber rq)l |s to a flexible substrate consjsting of
50 m ( 2.9ckpids apg deveored mithdh7 e @qusod salntionfsediunprarbenateeryigth sidesr g

| am nat : e i i phot ot ool
or mas kqg\r@{sd(la&ac Hg‘?ﬁ’g%%eﬁg Cﬁ%‘%/lgyg%téﬁdﬁ %//\A{Vtg%ﬁ%n %%da%ﬂu%gtﬁgﬁﬁgé?}g??gﬁwof sodi um
car bonatlemomatdtot3 (gn dethicknessobBlieal OP dids iwae thanretahed dfy dippicgiinte 3n etGmmper was

then plated on.the co r side.of the .lanmnate to 35 in thickness. The
L s o e e af REGesomar s oy ko Tahiede Thefrperiar gk Fihg one. of
t he 1@oNME WwhPdtntibilsd &KBS°C érww. Ehach Tdift WabBReh afadh&l With Wakraindhent 10 bath
was controlled at 85C (185F). Each resist was then washed wth water, and

the redegst wasstranped k.- NrothOH 586 KOq & C2Ble ¢andgmp, of prekied &g wedn of

etched f}] r,F with FilmA as
recor dedé V}‘lﬁﬁtfg%? getgﬁfﬁ#gg{cggﬁa&%a&[c%ﬁﬁ%&Etaag?\r?%g&épﬁ%e@ag& gzr' FilmA

Et chant LCP Ti nme (m nTable 2e- (SulitjonEind BackingSindsi fonFildi | m

Onl y+Resi st Perforrmance

“Etchant LCP | Time (min) | Time (min) Etchant
Solution Film Film Only +Resist Performance
1 A 6.3 8.5 1
2 A 1.6 5.0 1
3 A 4.5 11.0 3
4 A 24 55 1
5 A 24 - 1
6 A 3.0 6.5 1
7 A - 6.5 1
8 A - 6.0 1
C1 A 4.0 10 5
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
C6 A 24.6 - 5
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1A6. 38. 51 2A1.65.01 3A4.511.03 4A2.45.51 5A2.4-1 6A3.06.51 7A-6.51 8A-6.01
ClA4. 0105 C2A2.76.53 C3A5.210.05 C4A2.79.55 C5A26.4-5 C6A24.6-5 14 WO

03/ 022021woabloz2031 - Sol uti on and Etching Tines for Fi |l m BPPTI/SUS82:326030
Etchant LCP Tinme (mn) Etchant SolutionFilnFilm OnlyPerfornmance 2B3. 21
3B5. 51 4B5.01 6B2.21 C B>35.05 C2B14. 25 C3B>35. 05 C4B>30. 05 C5B>72. 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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5 Table 4 - Solution and Etching Times for FilmC Etchant LCP Tinme (mn)

Et chant Sol utionFil nFil m Onl yPerformance 2C3.51 3C5. 71 4C5.21 6C2. 31

Cl C35. 05v@2em10205 C3C>60. 05 C4C>30. 05 C5C>72. 05 10 15 Wec@A/S022021

PCT/ US02/ 26030 Test Methods Qualitative Adhesion Test (ASTM D3359-93) The
test method (ASTM D3359-93) requires the formation of an X-cut in the film
of conductive netal applied to a qutui d crystal polyner substrate. Pressure
sensitive tape, 5 applied over tB&S ds provi des a qualitative neasure
of nmetal -to-substrate %&h RQA‘ME@%}oﬂ ?é@%ggTMB%ﬁJ%?t est material. After
renoval of the test tape, t -10- rate adnesion nmay be assessed
usi ng a suit diiedess aseltleod (ASTMID3362-98 ptegaises the farmaton pHan Kfcutit thk filmdhesi on

of Plated Metal. to Liquid tal, Pol ynmer Fil 0, The adhesi gn or bondi ng
qual 1 ¢y ot Pefal Fef et el P toyes PSR st HAY m v
neasyr echphiéd@ver (R RcRE PEIVidsAUulaliRbde Basitadastd]l-iesibsiiBE A@iksionC- TM  650.
An Instron peel tester, operating at a rate of 1.2cm m nute, was used as

the testwhangempred fremthe st myterisli Afterssmoralafder teyigams, tredpetaltociyhptzats on and
Addi ti Veady?sti&{ m%/ 8L biddssed using a suitable scale to indicate release or retention of metal.

Adhesion of Plated Metal to Liquid Crystal Polymer Film

10 The adhesion or bonding quality of conductors to the surface of liquid crystal
polymer film was measured using the procedure outlined in standard test method IPC-TM
650. An Instron peel tester, operating at a rate of 1.2cm/minute, was used as the test

machine required by this test method.

15 Surface Preparation and Additive Metal Plating

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

chemically etched using a mixture of 45% KOH and 20% ethanolamine at 85°C (185°F)
for 5-10 seconds. The modified film was immersed in a tin(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.
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Exanmple 1 Liquid crystal polynmer film(FilmD) obtained fromWL. Gore and
Associ ates was chemcally etched using a m xture of 45% KOH and 20%

et hanol amvo@3a22086C (185F) for 5-10 seconds. The nodi fi eacfriusor/raso
imrersed in a tin(ll) solution conprisingl Oy 20 stannous chl oride and
40mL35% hydrochloric acid per liter of solution. After an imersion tine
of approximatelyl 5 seconds at roomtenperature the treated filmwas
washed with deionized water. Imersion of the treated filmin a

pal | adi %sﬂ esolution, containing 0.25g palladiun(ll) chloride and

2. 5ml35% hydrochl oric aC|d per liter of solution, for approximtely 15
seconds prowﬁmrepeeaoﬁliwmdeﬂMamraiegtsdmemlarlmlct@yﬁelnmlymasﬁlzs a netal
seeded f} zed to rikse t rsion in
he.© pa destihf pf TS i Avalfide HRFLICBud iPrrliip RE TR A GG el

el ecty ol S%Sdin%’l 66k @ﬁrf@;!éb Lﬁre@auslﬁ ubﬁéd\ioaudﬁ@ béikeay 20 bebhas 4ridagn sdyaidd) £

I nternation oratlon Ontari o, at 85C. Platlggtlmes were 2 to 3

ni nut es m?}ab(!ﬁ)aﬁlh @@\Perrlalfel alepqr@lﬁé%ﬂlatmﬁ Rahedibitad metplyp dim adirpriony) at ed

t hi ckne 81 MaSHQ aé&nﬂfl\% Jith the
30 Qual ﬁ%@vga%@h%gggﬁh?%pﬁé %Jedgpgmég?ﬁw t{#}} c?ntra'st, ggﬁ% es rﬁed wi t hout
chenm cal withaih chngmcalawclni% es ilésedbeatbabore, shhwoed dvidencderd u&ztzrlfdehnmadtmn

del am n r uid cry st al ol r. surface under. the conditions
o qual | Fart ey Fiah Al fothcd Bndinsh g ons oHRTAHS ARR Bxanpl o 2
The 1y ocgsmeof Exanple 1 was repeated using a liquid crystal polymer film
desi gnat ed as CT grade filmavailable from Kuraray Corporation of Japan.
After netal 5 seeding filmsurfaces, previously etched for tines between 20
seconds d §Q3seconds a netal deposit froma nickel electroless plating

bath exhrorted - netal to fil madhesion w thout del am nati on under the
condi tions OfAtsi&Bpralﬁﬁlclkelqblaﬁeéfﬂm ftoin Eampledtwassianidresl g4at@tbr 601 t hout

chem cal etc escri bed_ apove, sh d evi f t el am nati on
from t heSeF? "aa%?lygtf FSSﬁBPWé’nlat‘é‘@ sl s ﬁﬁ&f@ﬁﬁ%mf;ﬁg%@ ?aam itative
adhegy OnEIﬁﬁoﬁeeéMI'iﬂc fEH'@o AiRldBe by ﬁﬁ%hes@laﬂh@ﬂdfv&éll%flﬁc‘k@ Exanpl e

1 was i mersed at 45C for econd’s in an el ectrol ess copper plating bath
avai | ablteacasplﬁﬂﬂmwmnp&umn from 15 Ent hone-OM I ncorporated. Copper
netal, added by this process, adhered well to nickel

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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traces produced by Exanple 1 Exanple 4 This exanple shows inproved bonding
of sputtered netal coatings to liquid crystal 20 polyners previously
treat ed wsOngozoezhant sol utions according to the present POYAISHZ/ZI030 | N
this case, a liquid crystal polyner film etched as described in Exanple 1,
was inserted into a bench top Sputter coater to coat the filmwth Pd/Au
at a curre of 10 ond Prior art ts that
the resui®f ﬁjarr%at“épln& 8§?‘E°Sﬁ$§‘“ ?Hﬁﬂ’élé‘g{"lrﬁsmltﬂ? E@E‘ g'?‘e leg’gﬂft o 0.5m
Fol | owi ngy ?rﬁé&t\bﬁrcomttkélged &sm’g efl'la{nﬁ‘t&%ﬁ dEIBEEpAdd #r FPdecainisf Rﬁech,Q)r&ﬁC onds
in an electroless co pl ati'ng bath avail abl'e as ENTHONE -872 from
Ent hone-Cmenictbe esifiInTves pllna@ré@ﬂ indimeH) soketepnafor amrgmmﬂitetlylbf | ess than
1.0 ohm St d n es natl on usi ng the
Qual i t at Sle\%/oend%ﬁﬁggggen as d&ﬁesrﬁoeéén Fa%éplﬁgeimyys@% oggﬁelitg arrpl e d

i nvolsvedpdllagiuaigll) solatid Bomthingngl. D3 @sdlladRmi(Hp tisloridearal 2. smuw%cr yst al

polymer film available from WL. CGore and Assocj ates, Rempval of portions

of the riygreghlorte agd pestigerag sel um/fmz%@s@ y Fesreandspravided 2 mel of t he
exposed idsed sed pol yner
was cor o%g&{dra%glt ? ! usi rﬁigwgwh‘gasﬁjs%égwﬁ %glil/%/g%ﬁ S%éﬁlu ecf}-{lgrrl Qseconds. After
corona palkdiuméH) soluthen. M mctehsehdédﬁlwawas pitmd stedec&olbssm@pp@r selukion pon f or

i npt.el ¥, 15 .. d |
of "t he. t Tk LItRg e AF 5 152 BTGP GG FoBBeG o St Be Me ApRkess 25
pal | ari uddpkhding bh BHel déQeldphhert taE. JHMpl TP B Molved a6bd chRFuctivityeut Of

solution, for approximately 15 seconds provided a netal seeded film

Dei oni zeBPoRatiesionde theslianid ervstahralympie Thisiabsery eteqn is m@rfyqa@trmnﬁd@m

pal | adi t St Ig ol ess
copper g@% tIutth % Bﬁ)gg# Olfggr .nayéatl n%g’t‘d. I?lregtgp% dlﬁfg%%ﬁsgﬂﬁs ?%‘gqu?% Sl{l:eglgp sanpl es
of di ff efor egpdingtpalyitriidecdubesstesl O dependi ng on t he devel opnent tine. The

pl at ed copper showed good conductivity but poor adhesion to the liquid
crystal polyner. This observation is significant considering that the

procpgss of cor opgid 5 eabibdivaMetIBAdesRB ¢S LRRId ridaefoRmeAFARNYVENt i onal
method for seeding polyrmde substrates. 15 Table 5 - Qualitative Metal

Adhesion to Liquid Crystal Polyner Film ExanpleQualitative Adhesion Test
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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INo netal delam nation 2No netal del am nation 3No netal del am nation 4No
netal delam nation Cl Metal del am nation observed Exanple 5 20 Etchant

sol ut i onswoacozodi ng to the present invention, facilitateprPchasasssosd vacuum
sputtering as a process for depositing an adherent nmetal layer on a liquid
crystal polynmer film Sarrpl es of a suitable 50m (2 ml) LCP film

avai lable fromWL. Gore & Associgtes, were pro sed vmth ut treatnent or
T eat ed WEE FeshEomRAm aldhemetiraseded Ravidsostyl poRmPEles AheApRlng: [ cat ment
each filgynasd RASRErd é?ec@mgpa@éattml&é?@agpﬁ{e &Pﬁeramcﬁ%@f&mpr&émaeﬁ}ammposI t
was applied using conventi sputterin echni ques to apply chromumto
a thickness fMetal @stmattt@mztﬂmmres&bb'aly@ﬂ’ceﬂ\'h@ﬁﬁﬁmt W@Wﬁwe@yted@lemmawas
sputtered 18 tV\O 03 t(%2 021 PCT/ t&030 . Qver & he

ot a1 - s CLaLEP R RRIYE Prgcer ey RS Pt SHREadd ThReRBY Tsfibe B4 11 s
ver e el epitreqitatiRedtif Tablres asRaleh €ighliRRRIimpFdveltiRESS hetabidiqRid ¢reétell y 10m
Metal test patterns reqw red by the | PC-TM 650 test method were generated
usi ng a PUYRGeheempfte @Biﬁ%tspﬁéceﬁe@%@% usipg Clb?’\'“ﬁ?]eeﬂd‘éilg EQMROSHiBpar at i on.
Ther eaf t results, listed in Table 6, reveal ed
signifi czgcntrdmr%s)t Qibnrg%?l ﬁeértg@al to liquid crystal polynmer adhesion after
pol ymer surface treatnent using chem cal etching conpositions according to
the present inventign.. Tahle 6 -, Effect of Sur ¢ Treat ment on Met al
Adhesi on 10 Sanpl e -4 S ‘ treatment 0. 14
(0.7 Etchant at 75C for 5.0 seconds0.41 (2.32) Etchant at 80C for 10.0
secondsQ.41 (2.36) Ftchant at 85C for 10 Q secondsQ.42 (2. 42) FExanple 6
Exanpl € 6 is Si ﬁﬁma}e(ﬁwldetiampl e 5 except R@lstrdmethﬁ/enmf(lbémhventuonal

sput t er fFag—techfi depostt—metat—on—a vy H-m—stuspended bet ween
a pair pf rolls. WE‘G%“WH B8

Etchant at 75°C for 5.0 seconds 0.41 (2.32)

Etchant at 80°C for 10.0 seconds 0.41 (2.36)

Etchant at 85°C for 10.0 seconds 0.42 (2.42)
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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15 provided in roll-to-roll formwas, as before, 501im (2.0Oml) thick
liquid crystal polynmer film Before |oading into the sputtering apparatus,
each rol Iwofo3foedom was either |eft wuntreated or chem cal | ycetusheehoad 50C
(120F) at 72 inches/mnute |line speed. Table 7 records the results for
untreated filmand for two different rolls of liquid crystal polynmer film
chem cally etched under _the sanme conditions. In nce of treatnents,
sputtered 20 chronilahlevds B f Sngface ‘Lreatmenk g 144Negl0Ben0sit a | ayer of
metal from3nmto 20nm thick. Each liquid crystal polynmer filmthen
received a coating of copper having a thickness from 100nmto 200nm
copper .| TheSamgslalCondiioaput t e Ceppdrithinmessefuen)t hBeelstreagte N/ o (lelugnent t he

Sputter d—copper with framilOmt+an 21+ m f

er—wi-th—from1om-te—35tt-mof —etrect+roplated——copper-| Metal test
R B PP
patterns reqdt® BERUBSIY he | BC- TM 65014 est net hod wer%‘f@@%)r ated Using a 25

convent " Gig{lanb MF0P@GE 7YiBnT OCESS T 0f pri Nt ed| Circul g sPEParatiorl. Once
again, [Instron peel teSt rlesults isted in|Table 7, revealed gignificant
i nmpr ovenditthanf atrf@C@lat 72iphi qui d crys3al pol yper adhédl@W)after pol yner
sur f ace—+treatrent—ustng—chem—cat—etehing—conposttonrs—19—W563£022021
Table 7 - Effect of Surface Treatnent on Metal Adhesion PCT/US02/ 26030
Sanpl e Condi tp redieRtUIEstEhaniy) RREMirS to@RpresdNt WvehilidH, iphovide

treat nent 100. 16 (O. Et chant” at 50C at 721 pnl00. 54 (3.1) Etchant at 50C at
72i prB5linpr¢nEnt ¢k metahiornplymerradhesinmising metplzatesprogesses gy elying githere
present  jnyent| . proyi ' i 40 Dol si on

usi ng ne lgﬁﬁ%?ezsgﬂggﬂg Bfﬁ%ggéle%p?%@%lﬁ\?%ﬁegh% p@é (Z%sg@?erdoa[%ggg,eaélegc?? ((riig or
vacuum dépiderystalnpolgmer map b peiduceg. usig eitbecs bdreldprabess @r a@onttuwhebll-1 i qui d
crystal polyner nay be produced using either a batch process or a

cont i nud@FoRBr9CesSt o-rol | process. Flexible circuits conmprising a |iquid
crystal poly Fia Sll}%das : i WedthGisfihd M have been
descri bed he@?ﬂple%%ﬁﬂ%ﬁm ng11 lgggrry(%@lng&?%%tsﬁlenﬂglgraesen(?siﬂr)lﬂventi on

i mpridv esprotessibg sethivefiingdavé béam desdyibed hersima Filmprpedssing dcdaading ite thiees t he

ti f _addi t.i duct i i reuit pat i ng. t. h- hol
B el et oy RS i g tEnEeR i e el B PR R g o
aqueous gbpdi@itn sFalduitive dBohdftivOeiednitRg6ms Rednp efréngh-holbosR] refategki | | in the

art will appreciate that, in |light of the present )
shaped voids formed therein at elevated temperature using an aqueous etchant solution has

A v

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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15 di scl osure, changes may be nmade to the enbodi nents described herein

w t hout departing fromthe spirit and scope of the present invention. 20
WO 03/ 0220213022021JS02/ 26030 Cl ains What is clainmed is: S5ptr/vAopecsess for
produci ng a netal -seeded |iquid crystal polymer conprising the steps of.
providing a liquid crystal polyner substrate; applying an agueous sol ution
conprising an alkali netal hydroxide and a solubilizer to said liquid
crystal polyner substrate to provide an etched liquid crystal 10 polyner
substrate; depositing an adherent netal |ayer on said etched liquid crystal
pol ymer substrate. 2. The process of claim1, wherein said al kali netal
hydroxide is selected fromthe grodaimensi sting of sodi um hydroxi de and
potassiqﬁhgxdqoxi%en 15 3. The process of claim1l, wherein said solubilizer
is select 84" TF8MEHE group consisting of ethylene dianine, propylene

di anisne,1. et hanploasss fer odudi®P aRell 388dee liqdid ciyeal bgﬁfb‘i%oﬁh risih@k® 1, wherein
sai d aqueous sol ution conprises from 35w§1% t ong 5wt % gf sgi d al kal i
netal safPspfeferably from 40wt %to 50wt % of said alkali netal salt. 5. The

process of clainmyl g '%q@% olution conprises froml1lOm%to
35w % of sai 8 s‘gﬁlu%fi}i\fl&z{gf&g‘c’r@ﬁ& a 5%#%@15% %to 30w % of said

sol ubi | i zer. applyfhg ahtxgupruscebsiontomprsing dn alkhle retal hgdiodidept wi ng sai d
aqueous s tion requites time from10 secands to 10 mi.nutes at a
Femper sl O BECT Srubel SoslBrLBETe ropronige sweiehag iguid crysa

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.

21



