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PCT/ US99/ 01639 *@D0002* 1 TI TLE PROCESS FOR METAL PLATI NG LI QJI D
CRYSTALLI NE POLYMERS AND COVPCSI Tl ONS ’mlmm ETO Thi s %o lggaw
clainms the benefit of U S. Provisional 60/ 0 red
January 30, 1998. Field O The Invention TRg.l nventr on relates to a novel
process for inproved adhesion of neta atings to liquid crystalline
pol ymdve 9%3902but t er coating or ion pl Hﬂﬂﬂ a yner PRITFUSIHOI6IH n | ayer of
pal | adium and conpositions thereof. t he I nvention Polyners
of various kinds are plated (coated) vvith*qutzal s fox a variety of reasons,
often to make the surface electrically conductive, or optically reflective,
10 or merely for a decorative effect. Such conpositions are used in a
vari ety of applications, but especiairggin printed circuits and printed
wiring boards. In many of these applications ood adhesi on of the netal
coating to tHROGBSSHIR METAL® G BIQUD CEN&TMM ROLYMER®t al pl at ed
polynmer in that appli caNDAROMRQSITHONS RELATEDITHERYEDal | i ne pol yners
(LCPs) have many properties 15 which make them attractive for use in itens
such as crrcurt the i.ept, of. t he ex i on, good
heat resi stance 18? EH?BWE&!CB “‘&’r@g %‘P&‘ét"r‘r‘@gﬁ"&%g‘éﬂ@r es, and in
many cases6(yﬁ?ﬁil?4 aﬁtvrh!nnhawor @398t ance. However, is also well-known in
the art that LCPs are usually diff cult to adhere to ot her materi al s,
i ncluding netals. Wile many therpmglc&sltﬂeqﬁv&aanbe satisfactorily 20

netal lized by vacuum deposition or a conpbi nation of electroless and
el ect ropl at i ng, Thispavention relatestp 8 npve eroseﬁmforrtmprreredwdheslmfynpt@br adhesi on

to net c n nou . uses is commonly
used 1 1 ¢ nEpRED B PRl B RS By el BaRink 96 Fon pIRBRE B

el ectrol ytpdlﬂ;‘nkf/wﬁh&ttﬁiﬁ 14feriof pallefivdh, aﬁltd%n@SSMbﬁshth@&Bper However, 25 the
peel strengths of the resultrn rreta coatrngs fromthe LCP are often very

iow, with the netal soneti nmek S lidmani nating ftomthe polyner.
30 July 2002 2 eref or CO S W.th tals are
of cont/i nui ng p eYP’FESa‘r‘e ‘iaﬁ‘f)ngtgiélﬁs arepgtecg(}%tﬁ@ \g‘?lk %éslgaalgﬂ??)tﬁé’ge Pat ent s
214, 827 Bheaéuﬁsmenha%ﬁ%,mmééﬁc@cﬂﬁ amtlu&ael beaptically fdigciivd. and K

Fel dmann et al., Metall oberfl aeche vol p. 349 52( | 997) descri be
netal M at¢rrrge1|9m1”9r Bﬁewammﬁ%t&m@omp@smmme ygrdtinarvanigtyafd i on pl ating.

No rrentlon i usr palladl um f electroplating
t he sputterp@%c%n% g“ft ! lly "d\?é’r’t}%‘%‘h‘?“grt’““..rrer’h"gg’é’f?%t B 0 Summary
O The | nveﬂtheserapﬁn@airoﬂs %oﬂ@dﬁé&ﬁma&mi’&hetal Ssatipg e hetpolyi@is i on provides a
process for coating a t her motropic liquid crystalline polynmer with

pal | adi um mmmtgngtonhgftmg@mng af the mcrtalmiated;p@lwmebm thatapplivatiop: i onal | y
cleanlngasurf e of sai,d therno stalline 1 ol ymer with
a cl eani ng agen n('qotr)opr%{q (2 5’9@&'%%@555%’5&8%”88&‘5%3 (iii)
pl asmayset cwhieH m%ﬂdedhéﬁ ra&aeﬁve ﬁradsé inilen€sOymbh BdcifoRits] smbrigafiem\bw h pal | adi um
by sputteri ngﬁiq or 20 (i) optionally cleaning a 'surface of said

1

t her not r opteetficientiof thqryxgt eNpansien, gopg heat registance, lewasaterapsaxptian, goodi )

optionally heat | S et chi ng
said surf acgéﬁ{éﬂg”‘f&"?“cgﬁ %r@"g'y ‘ta&‘ss&j’r"ag‘éﬂﬁvﬁbt‘ﬁyggﬁg t%%guwbrgroﬁapl ating.
25 Accordi ﬂﬁ@lsbﬁwéll-ﬁmmﬁt the ARt qhat Lor awmany aiffigulotol ddﬁ&re&o pthegess for
making a netal coated |iquid &Vg‘stal | i ne polymer conposition, conprising

el ect r ol ytinatgripls, mh@rnmg@a}m lermqwd:eongmsapfp ¢amebem9n§t¢etpnbavr ng a

| I ad th b t d that d
Ol ect 8 yo balEed by S §oRon s & popinaiog of SeeRIPRAG 30" pal fadi um
layer.  3fechplatRig0RCYOnRBIRAAR el RarinePhdve veREpdot WaRdsicitoli gui d
crystalline polynmers (LCPs) PCINS99/ O 639 Thernotropic liquid cr yst al l'ine

pol yners (me]al;yoaamgs Rmdbnet good eheughrfor manyusesous terns, including "liquid
‘crystal” and "a |sotro i C ner IS t.ical sotropic if, in
the melt phase, EPPpel’r‘%t nglqusﬁ‘h’c“%tggﬂ rart for eﬁ‘@&?@%@? %‘E‘t:d pol ari zers
using a pohid BletfrOI3HaN (B! $46h 65 wit cOFR! Hoder, N ol yrer
may be nelted @e%hgn&rgﬁsoﬁqﬁ? “}ém%i . e. éras titer rr[():p tic. Any

t her mo2s opthe peélistrengthb of theeesulting hetal gpatingssfiom tleck QP atehafiemoterpjovg LCPs

i ncl ude pol yesters,  pol yester-am des 1 o polyester-indes)

pol yest er - \éﬂ%hwmﬁtahmenwsyaa@nmtymmlwm&frmﬂ@sm F'eof These terms
have their usual nmeaning, and sinply indicate that the repeat units in the
pol ymer are joined by ester and optionally am de and / or imde |inkages.
Preferred thernotropic LCPs are pol yesters or polyester-anmdes), and it is
especially préferred that the pol yester or polyester-amide) is partly or
fully 15 arorratrc By "arorratic |s meant that ~except for the carbon at ons
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coated) by an electric field. The nmetal is vaporized by bonbardment wth
energetic ions (sputtering) or by evaporation (ion-plating). |nproved
adhesi on over sinple vacuum evaporation deposition is often3@ﬂn~

because, it is believed, the netal atons are propelled into the substrate
surface by electrostatic is forces. It hags been found that when pall adi um
is sputtered or ign-plated onto an LCP, the palladiumlayer fornmed adheres
wel | to the LGHerefrg impreyed@ethodsftcapting, LERs with metpdsoue jof catingipg practisal t he
further coatingereS by el ectroplating, of netals. This is inportant, since
sputtering or ion-plating itself usually is nore useful for 20 making very
thin coatings, usually <3 pm nore often <_ 1 pm Thicker coatings are

of ten needed, for exgnplé 209 80LEEobdA PaleRE L4621 BT &% £7306 B10Eyrbiian
coating. Befor uttering or ioa-platin or naiter before nost

e s € | ating, or f t hat
metal coat Png Raaeeﬁﬁpniwé%ona‘}o&oa%@a? K- tieldsgpn sical- dfetallqber8apshis yolt ¥, pi 3% hi s
case the LCP, 13baubd Rs&ivemiil Ylabsy CCRAY valibusShanddd irﬁﬁldﬂ%rsbhtféﬂ}ll_%ﬁﬁcﬁ/iofxree of
greases in any for 2s such as fingerprints or nold rel ease. e surfaces
of the LCP maylativecNodpatiopys mederaf|using ppldpdim asgthe mgtal. 298 ef dogiioplating the
aqueous cl eani PeAYERIS I8)4FH rafiWBIHIEGRER: deRdIGHsOr | MEersion in organic
sol vents such as acetone ‘or ethanol. O course any residues fromthe
cl eani ng sol utions, such as detergents should be rinsed away by an
appropri atyg sol vent such as wat egumW;&o}mf@gﬂlﬁgm a liquid 30 cleaning
agent the cleaning process may be accelerated by use of ultrasonic 30
July 2002 WO 9913903croming to)900 aped3the presendjnvention provddes agresessAar eqatied s
cl eani ng agentm&GRBRENERqHA tdsthiliRATTRI: Wtk phillddfAsS @M sEHifNQEGYiallySofhdiépb er 1 ed
cl eaning nethod. It $sﬁ%re#2rred, but notpnecessary, ﬁ%at thgﬁiCP ;%bstrate
be dried at el¥vated tenperature before being placed into the sputtering or
ion-plating 5 chamgyqi)asiomallyagtdaiigaRutRst 6F %ai@'ﬂm@xﬁfotr@ﬁl@tliiuhﬁ cRStaflie Pl asma
etch first, see below). It iS believed this pre-drying shortens the time in
the chambdP neobisr wih psleping 4358 gases dissolved in the LCP. Drying is
preferably acconpli siggptRial ihP hid BLfbdHy Rhtidgt om about 120C to about
220C, or the nelting point of the LCP or the glass transition point of the
LCP i f is anorphous, (ifyplasmagishing said giaee; and o for about 1 hour to about 24
hours. Longer heati nGy)lcba¥Rg saB ¥urRBe WiE Pallabidn 19aP@TeAhLY do not inprove the
results substantially. Prererably, the surface shoul d al so be r oughened
and/or chenically Mdified before sputtering of the palladium (Pd) begins.
I'n ion-plaoing, it (bfi)bsitioRasdcledinle &harfast ©AGEIdOthernfb@ropib Disduid@cf staingt ched
simul taneously with tne retal 1 s plating. A preferred nethod of roughening
is by plasma dCOMhY I 518N $H2"He achi eved in the sputtering chanber
before the Pd is sputieptieallyldigingbaas siRfaéd Blitieaghgray be done with any nunber
of gases, for instanQ% lnerh¥8@ses uch @; %Q%pn, or ot her gases such as
nitrogen or oxygen, &P oRHonally Ripgmacteling Ridsurtaqs;ader r ed gases for etching
are argon, oxygen, &ivyicsitihg8ai@burfic@@hh pAIAdRIMGE6n Platigl t r ogen, and 20
oxygen. A gixture of oxygen and argon 1s particularly preferred. The |length
of tinme of pl asma etching will be sonewhat dependent on the power | evel
u;ed, t2 he sggst rat eaccamﬂmgofonegeca;nﬁicihspm,, tthliﬂveht&mtpw?idﬁubyrobd%s tf&emﬂaxh@s gf
about to m.n. Roughenin t surface. may al so. be acconpl.i she y
other means. R CAR SRR Iy SOPH GHESTPIL I ABRE SO Cally Gl
in fst ance Eur Oﬁﬂa;,‘]lﬁlg Bafqeiﬁtmaﬁnﬁaﬂol&ﬁzr HRvihg la\pbilafdhmi ?Jrfaeerlf@ibi ldsthhdlstalt Hym
reference. In this ne ,.an.etching solutian of unjform conmposifiaqn
conpri sing an té‘ﬁ#’df,’m‘&he‘gﬁ‘@bﬁ%ﬁi ,°Ee 'F°1§’?F mfel plating, fakes piape, on | sisdace of sl o
to the et @ged muidiasyly sputtering, plating, or vacuum deposition.
Al ternatively, the surface may sinply be nechanically roughened, see for
instance U.S. Patent 5,085,015, which is hereby included by reference. In
this 30 nethod, the surface is roughened by subjecting it to abrasion,
preferably by a 30 July 2002 WD 991 39021 PCTI US99/ 01639 stream of
abrasive particles. Those particles nay be propelled by any suitable fluid,
but nmost commonly will be air-propelled. It is also possible that the
surface may be "pre-roughened” during the form ng of the LCP piece, by for
exanple, using a nold with a surface which is itself relatively rough. The
sputtering or ion-plating conditions used to coat the LCP are those that
are typicahy used in these processes, especially when palladiumis the
metal being coated. For instance (see the Exanples belowin Table 1 for
nore details) in the apparatus used herein, using a single Pd target, 60
volts on the anode, a coating power of 50D watts, and high frequency power
of 30 watts, Pd layers with 1o various thicknesses were generated,
depending on coating tine. Table 1 Coating Tine, sec.Pd Thickness,
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may be used as a circuit board. Electrolytically Plating with Qher Mtals
However, for many uses, the Pd |ayer renmining whether patterned or not may
not be useful because it is too thin. This may cause the | ageyulydiz easily
is mechanically renoved, as by abrasion, or it may have too high an

el ectrical resistance, i.e., it can't carry enough electrical current. In
this caseWO¥3PRIdesirable to i ncrease the thickness of tW@TﬁiSP%(PIGP%yer on
the LCP without |owering the adhesion of the netal |layer to the LCP to the
poi nt where it can be easily detached fromthe LCP. This is particularly
critical if inits final form the nmetal ;layer is to 20 be at |east
partially in the formof one or nore thin strips. Sone particularly useful

netals to be electrolytically p|w8%tﬁh6bf'&mqa€exﬁjbﬁt have rel atively | ow

el ectrical resistances, such as cop er an ver. It has been surprisingly
f ound t hat PdLFﬁyéFQ’S@éIFﬂWM@Et(L St i cal | y pl at ed by a netal such as
copper to increaseqthe total ckne fold

wi t hout adversely ;'ﬁl?x&qt{ngclg 8%‘8 1“8?%’1‘“%51@%& %eq%g%rm{t%e ﬁ%y LCP. The
el ectrol ytic RhidusiemiEincRRlnE iquRer(tdl" bsd %s%&@ﬂ@%ﬁéits”ﬁtﬁrﬁoﬁlrﬁerﬁwd

met hods of electroplating netals which are well known in thé art as

descri bed §n opticallyarisotropie if} by the meltphese, B tracsthidslighs twhen examinetinol ogi e der
Gl tech G, L Ver | Saul mal 996 N V.
Par t hasar adhy PR Erossid PRIAERs SEing Aol pE AR ASGORe. - BY SierBatr bl

Engl ewood Qi irfe'ﬁntth‘é‘tthé%@l?mer m%? bd kﬂd&e@&ﬂ?&%@&flﬂﬁ%ll E’@h&%ﬁ%@lﬁ@ 8 It

has al so been surprisingly found that when the Pd layér is electrolytically
met al pl ated, Aax(tmnommcll.)cmmghbcusqdemﬂnsipmess: es may be used as opposed

t th tal j LCP: . W | i
Sputtored onto an e pemapr ELPinERR pRPEFP PO CREEABIER copper at a
current 5 16j en ﬁbl@Yes&?—-u'ARieEP p@l?@éier%:dﬂedﬁﬁidew&bﬁgﬁineﬁ W iiburglensi ti es,

such as 5 A/dnR, result i'n"very poor quali netal plating havi ng blisters
and nore i rrpotltemtﬂ These pmms haneectheir dsiahmeamng,candemnlhmdtmtathatﬂutrepagt from

the LCP f ed t f th i gy hal, netal | i
. high: our - GRS Bahepeviner R pgLby ekt prinplh At (e ar 1 o ng
addi ti onal ”EhﬁicagQQaneM?edsth'éi'Hmﬁ% &qmraré-ﬁoly&té?ﬁo l e@t‘éﬂam?cﬂ:'s ahd gther

current density in the electrol ytlc pl ati ng neans t net al thlckness in
t he pl at ed | aiseaspeciallymreferred thanﬂlemgmstfeaettjmiy(eﬁwalmds) arpaﬂl)ad)r fslly/ dn2, the

bui |l d t f t t.m m t. the high
10- A/ e, 14 hoBAEw B9, HOSAR  perot Bl asp o5 W eebon atoms Sppteined Fug
the buil dup, ﬁ{ncﬁbﬁél'gg&p&@ éhz(s'eE'ﬁ:E E‘ﬁzﬂ@e oY, GﬁBP&x%)cafb%naa'Pcﬂﬂé irdhe PnTmn or

nore, 15 nore prefer out mn or nore. is preferred that the
total t hi ckneswiro¢hairef thepallyxﬂeamrprcmnttmerdmdmb Bmh asrphphylsneany ot her

t al f I 100 LCP itself
oy be t 1 eat cHuIsATRS: bighravipas she Lo 1 QTP HOURSES  ho Pl
layer. For exapkelmhy'6e ﬁ’x@sérﬁ!?éub%ﬂﬂéﬂé ohﬁi% %&wﬁﬁg‘seam :@ﬁea&wghened

and/ or the Pd Iayer and/or LCP surface may be treated briefly with an

el ectrol e2s nderiNedftam methydlyidoequimone o 2 stebutyd #4- mx)tbgnzmacldm{qryalsnet al is
el ectrol yticall | ated aqn the. Pd i gh i oat. t he

resul ting net BTe\é‘E’gé?Pﬁﬁ l(f)lF%Fsb‘PH‘f WLVéXQSISH SR ‘%fugﬂp éﬁg}ty good
adhesion to t t is measured by
DI N Met hod 53294 (| dent :hgﬁ?&?ﬂeﬁ’tdgpag[ ail’gob% éf%gﬁ:ncth%%%% ssi on Met hod
326, part 2), whiclAsitse eommmbntbp]ﬁ&eqfol;&dﬂesswednnthmﬂrd@rp@h@ﬂ in units of

Nmm It is preferred that this adhesion is about nore, nore
preferably abﬁ?ﬁ‘p?f‘t?‘ﬁlﬁe%fﬁﬁ%%@ﬂ% redP@f‘é?‘éFﬁgy rﬁ&ﬁ?%‘)\% N mm or

30< J I 0] f b
ol et rol y sartoroiaolfid Hetdisdn R Biphianiand it M LOOHARS i A2
ni ckel and ti terephﬂmmmcmv)ap-hydnoaybepzmcaéldrwaddemwbsm)et detrolytically

pl ated with additional netal en patterned, d coated LCPs
descri bed aboa&yéﬁ}’FY§’é’h9@’1&$4p‘?‘P?ﬂ7€& asid) op jts d‘B’H’éPH%S’ l’“ §r nted wiring

boar ds. Exarrph er| a ?Fca{':t?&gf?ég d1 ?h?&{(_)&@ Ca%f&’%teéolrﬁﬁ‘iﬂ@t?dﬂ senment

net hods, and Wwer e’ use nesé - was neasur ed

using a Fi Schﬂfeiié‘dm‘hé%e%mpbﬂe&&%mk}iwm:nﬂﬁlﬂMakﬂdmheﬁml@her GrbH,
Si ngel fi ngen, Germany. The neasurenent is nade by well-known quantitative

met hods, 3chavailablesircanbel prepared byitecBniques teaétlyeavadable tocthrag/ingpeartr onet ry

{ New York) Vol. 61, p. 5 et seq. { 1986), and R Tertian, et al.
Principles of Quantitative X-Ray Fluorescence Anal ysis, Heyden London
(1982). 15 Adhesion of Pd Layers f<3Jumthick) - Adhesi on of these | ayers
was neasured by the method of DIN EN 582. Adhesion of Metal Layers (z5 ~, m
t hi ckl - Adhe5|on of thls type of nmet al Iayer was rreasured by DI N Met hod
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20 i njection nolding techniques, including tenperature in the injection

mol di ng machi ne appropriate to the particular LCP used (see the original
references |isted above). The plaque nold tenperature is nCEOE‘JhIﬂQOUZ—‘ in the
listing of LCPs. Plasma Etching and Sputtering of Pd - All of the LCP

sanpl es were plaques of the approxi mate di mensi ons 6x7.Sx1.6 mm They were
initially wo30/3921y 2002 WO 99/ 3902i PCTNS99/ 01639 cl eaned PCA/U§29/8¢3%0us

cl eani ng, Del ot hen NK1, obtained from DELO Grbh & Co., Postfach 1231, 86882
Landsberg, Germany. After rinsing away residual detergent with distilled
water, the plagques were dried in an air ovgn at 60C for at least 2 h, or at
hi gher tenperatures for a period of tithe (noted in the Tables 5 bel ow).
After drying, the pllagluesl withie th defifitidnofL CP Helthdse 1 BRMREREMRainMpslel  No.
CC800 made by CemeCon GrbH, Tal botstr. 21, 52068 Aachen, Germany. This
appar at us was agedltynsd ofumaterial mixed:intol suckpolyiicrs) sudhaasrépfoscing agente was
nmounted. A sin Pd. t arget was,used. nditions for the etchin i f done)
and 1 o subseq?‘éﬁfs’gigmefl AR §ng’\‘fe XPWPEFQBFE‘E F%{ﬁrd‘ﬁ%fncﬁggﬁg@éi vely.
During et chi ng fyRe nilies glasEhibe?, milRrANAERS niiESarfdas, ARt dioxide! dadton
sputtering the pressure was generally about 700 nPa. If an Ar/02 m xture
was used fop t Hibentardamiddiber,land tedé.ar rati o of Ar: 02 was about 1:1. After the

sputtering was ,conpl.ete he_pl a wey nerally allowed to cool in the
vgcu_um chgn‘oer )5%33%%%%}%152’!@%:@%"G’Fi'eggﬁfi'ﬁw yvgs i ncreased to speed the
cooling. Table 3 al uaéﬂ%nm%ﬁ-b&ftmg a}JW%F-FHB\LﬁHeEI}_%ds étﬂe&ﬁﬂg stibstlaf¥e"

t hi ckness 20 formed and adhesion o he Pd [ ayer. e tenperatures given
are the nmaxi numwithemptalsand oder types bfnhattuaisn Basicalleindoithnprocesses) theapetal isd

sputtering. Ta a 3, . ,No. LCP. TypePd Thi ckhess Attained, itNEtching
Dot chi g PowsAberizedshd ROvSied RRLY encATRIGISh: 1 anies AEiEARANEY Ry Torp
(0oC) Adhesi o] ; ) e i Ble

et chi ng2ooggo7fgigﬁzfayg&ﬁgagec‘&i%@g%gg'ls?(r)l%g’?ﬂégﬁ%"gﬁh| ok iane ERE
aEi No et chi ng2o0o@ad)tylm eléectrié¢ fdiNo The mivital 42 04@3iRe0by baAbakdinent with

et chi ng2000060<0. 62hB1No et chi ng20000608. 42cC] No .et chi ng20000606. 02dD1No
et chi ng2000060 $ASTEELIC igps GRpHeHE) of YW@‘@“?@Bﬁ‘?‘PﬂEEd?'%BFGVS&@‘@GBz

PCTI US99/ 01639 (Ex. i , Y 1 o N, 4Et chi ng
Et chi ng Et chi ngﬁééasﬁggm\grgﬁ%{wi Evaﬁﬁrre%h°(’3%g°%€6ﬁ§c%%‘?§S%Eﬁd%gaﬁsﬁ%ﬁ s) 2000HF
Powerb (W OTebpli¢wed) the nfeéd atsnsare pfopeed MRadhe 3Gbshdfershikace by electrostatic

et chi ng200006018. 43aAl1Ar/ G 600600200030772. 83bB1Ar/ O~-600600200030777. 33cC1A
d0~6006042036038%%%%. 23dD1Ar / Oz6006002000307712. 43e$1Ar / Oz6006002000307720. 1

3f F1Ar / 0a6006002000 DéRAd Ak OB 03078 dred 4P B kAR GRERA02000307
08. 94cCLAr / ozaoqeoogg%%g’g%a 34@%% ? %?%‘g%‘gg?o u’6‘3'6‘7013; E%‘Q‘SeElAr ?%%‘00300200
030702b. 84f F1ALCOE; geGaliadiatayer formed adheres well to the LCP, and just as importantly

''307027. 15aA1Ar| 0s30030Q20Q030591, 350B1Ar | Q-3Q0300200030599. 25¢ CLAr
Os3003002000305Fmsasgpod pfe iYGIi?f/‘b‘n ERephiye 0%"%’6{2)‘68& éd% 3059

597.9 12. 4Sf F1 . A .
a 600002000307?%&%&?@%@%@%3@%@%%@1&%% fusualinis saore isefalior 60060
020003075140 8b efakigeRap 02 66ARAT, 5k8al R6ET iy HRBGARANKINHA7 Thicks7 coktiBg 60030020

0030616. 67bB10=600 0020803 613. 771c010 600300 b003?61,9. 77d tY&D El, 10= 02600
b00300 are often needed, for example to reduce the electrical resistance of the coating.

Before sp’uttering or ion-plating, or for that matter before most metal
coating techniques are used, the surface of the substrate, in this case the LCP,
should preferably be clean. It should be particularly free of greases in any form,

25 such as fingerprints or mold release. The surfaces of the LCP may be cleaned by
normal methods, for instance exposure to aqueous cleaning agents such as
detergents, and/or immersion in organic solvents such as acetone or ethanol. Of
course any residues from the cleaning solutions, such as detergents should be
rinsed away by an appropriate solvent such as water. When immersed in a liquid

30 cleaning agent the cleaning process may be accelerated by use of ultrasonic
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12. 87f F10=600300200030612t . 28aA10~300300200030604. 38bB10=300300200030b01. 28
cC10~3003002000306010. 48dD10 3003002000306013. 48eE10=300300 0_8@23@@777& Ft O
~3003002000306016. 09aA0. 2Ar | CGa600120031 03075- 9bF0. 2At / O 600120 5] 0aA<
0, 1Ar/ O-60060012S056- 30 July 2002 WO 991 39021 13 Table 3" (Conti nued)
PCTNS99/ OWoe39/3bwes No. LCP TypePd Thi ckness Attai ned, ~t VEt glarrngsosarsds chi ng
Power (WEtching Time (s)Coating Tine (s)HF Powerb (W Tenp (0C) Adhesi on of
Pd (MPa)l CbF<0. 1Ar/ 0~600600125056-t 1 aA<0. 1Ar/0~6001200125076- 11

bF<0. 1Ar/ G 6001200125076- 12aA<0. 1Ar/ 0=60024001250102- 12bF<0. 1Ar/ O~600240012
50102- For all Exanples, coating (sputtefing) power was 500 Wfor one
target, and the anod vol tage was 60 wer . i s gh frgguency

e
power during %5C# Hs usep %P‘é‘é"'oﬂ%‘:lﬁ@‘@@f‘f‘fﬂp ‘P@B&Bé@ 116 O%f  Copper
on Pal | adi um ﬁmg&ﬁc %, aprgfgggdgifeaﬁlg tathodd coated plaques nade in
Exanpl es 1-12 were elecirolytically coa %ed with copper. The electrolytic
plating was carri eh ipprefarredabutaopoecassasy, ﬂhlatheﬂa@l’ substrateppeiriedabdes. The
pl agues to be plated wer rt of .the c hod ui di st an et ween the
anodes. This ﬂ? @@%F%ﬁ?ﬁé’%éﬁl%wgc? n ag%gona@mg 5 15 cm Two
types of Mg, Hﬁgﬁ:] i kst of these
was Cupra??d 822%!&63 EL%‘? ﬁgg fro Rt&l(l) Lﬁ%ﬁﬁhgggr sss%ngggierth%e% D10553
Berlin, Ger rrabglow)anlﬂw%ncu&bﬁhsmﬂdrymgslmmnemb tiskeninithe/ chansbet Aeedledn®. The
second el ectrol yte was MA i‘ﬁé J-.64 ur hased from MacDerni.d, Inc. 2o
Wt er bury, CTICgIYeshe ggses ! {nds\nssferahly acepmplisheddiysi ty was

18 A/dm-. Thehe%'uﬁglﬂe%dﬁ htgfr&‘ﬁ%ﬁb&g{lrz'o%‘m%u@fzoac C&’lﬁ% ﬁ:@gmgﬂioﬂr%tftﬁeoer ation,

with the vol tage DBeing control to nmai ntaln a cons rent
El ectrol yses L@Pwhitelgladseransitior pbintiefthe LEPVAiE aifdrpicisywhiehevet inloakaut 10
8 AVdm~ t he el ectrol yS|s was run

mn, at-~ d whep t he rrent 2s Si
for about!%7 nf‘])ﬁa{’]ou@ O%F%/ab?%gfg@’ L@%Qéemtm@smydmesg dbutaA11 of the
sanpl es had ag&gggktgoqu r09 ﬁ;elrggﬂ%g@ést&% l'y appeared somewhat shiny.

Peel adhesi on” was asure ore an ter heat aging in air using the
met hod of DrN 53491arcfe‘vﬁblyuhékm-fabbhmﬂd hlse bé pdughiered alnd/otrbbemreelly adhesi on

test were cohe5|ve fgi?rures of the LCP. Table 4 Ex. Pd Coat ed Pl aque
from Ex. No. Liepd ?Wﬁ%gfwypw@w@)bmslwmw&s Adhesi on

D, 591711 éggoéglgﬁépﬁg@%ﬁ‘?%cg%z Y%B‘J“a GREEREe BrRoR b B mstal 01 9ant o

0. 040. 152129aﬁp18lﬁhgll&pﬁ&&ﬁé&&eﬁé&@ﬂr&%ﬁerﬁ@él@@ﬁasnﬁ%lﬁﬂ@ VD mA be
aAl100. 040, 102611aA180. 160. 132712aA10Q. 030. 032812aA180. 010. Q1 ' Fi nal
t hi ckness of ackievedim the sputtering|chamberdefare the B ig sputteredythe Mlasastehing | y

2nd heat —agi i oRE ondwil ghy Rimbct 87 geR E Baie flrt BalE el A et of 1§ 7,110
procea9 ~r cwithérgagessuthes nioperogmi cmyge:qu»r dn;cmyoetﬁmlotfnﬂmSaoP;afmed/gdsbs -

pal | adium copsistjng essentially ofthe s|aps bi onsl |y
cleanirAg a sfgéFt& g@re YEPYY W&?MWW%O}QIEQH ﬂ‘d&’é’g?’bﬂ ‘P‘ﬁ@gﬁbl”‘?ﬁer with s~

clettnittg a 8 Qﬂdfl i

pl asttta %t chi ﬁge%cﬁi&gﬁ%e deg(%&'lgan d%ll%n l%@%?’?ﬁglgg%é{%ﬁ V=T pof! 1)

psl 1 aditun byimeof plasma tghinglwill bejsomewhataiepérdgntodicthe bﬁ@eﬁle@elft&éd, thé said
thatnmotnpic liquid cr stalllne | ytn~wi t h a cl eani ent; (i)
cptionatly dr%‘-‘gﬁﬁat& &9-‘ tiscxpically inthe l'a?g?)%{]g@ﬂg? f960minng et ~i ng
sai d a~n~faee; an I son platin
2. The pas ns rxi tt%ﬁ%mﬁ%ﬁ%u&%@#ﬁf%l@@ﬁ?a&%@ ?ﬁér%m l'E%aduc gpa J
t k~i ckaess ofClhdmical e3chmg)by kcﬁsﬁons nmm&mqﬂoye’d seEIfmrmpuamuamope‘anrMcﬂted in
claiml or 2 wherein :acid palladiumlayer ices as adhrsion tv asid liquid

cryatatiide paidddBl, del”flcfhE@GtebZ ingluded by refeengh e bn thigmsthogpngiclipg Met hod
BN 582,

=

-1

solution of uniform composition comprising an acid, an alcohol, or an alkali and a
metal layer is applied to the etched surface by sputtering, plating, or vacuum

deposition. Alternatively, the surface may simply be mechanically roughened, see
for instance U.S. Patent 5,085,015, which is hereby included by reference. In this

30  method, the surface is roughened by subjecting it to abra§ion, preferably by a
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result in very poor quality metal plating having blisters and more importantly,
spontaneous delamination of the metal coating from the LCP surface coated with
copper. However, if the original metal layer is Pd, high current densities such as
18 A/dm’ may be used and thus allowing additional metal coatings such as copper

10  to be obtained. This higher current density in the electrolytic plating means that
metal thickness in the plated layer may be built up much faster. For instance at 5
A/dm?, the buildup in a particular copper plating was 1 pm/min. While at the
higher 10-A/dm?, the buildup rate of copper was 2.5 pm/min. It is preferred that
the buildup, or plating rate (increase in thickness) is about 2.5 pm/min or more,

15  more preferably about 4 um/min or more. It is preferred that the total thickness of
the metal layer on the LCP (palladium plus any other metals) is finally about 5 pm
to about 100 pum.

The Pd layer or LCP itself may be treated in other ways before
electrolytically metal plating the Pd layer. For example, the Pd layer and/or LCP

20  surface may be roughened, and/or the Pd layer and/or LCP surface may be treated
briefly with an electroless metal plating solution.

No matter what current density metal is electrolytically plated on the Pd
layer which is coated on the LCP, the resulting metal coating [Pd plus the other
metal(s)] usually has very good adhesion to the LCP. Adhesion of this type of

25  metal layer is measured by DIN Method 53494 (identical to International
Electronic Commission Method 326, part 2), which is a peel type of adhesion, and
reported in units of N/mm. It is preferred that this adhesion is about 0.1 N/mm or
more, more preferably about 0.2 N/mm, and especially preferably about 0.3 N/mm

or more.
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5  or printed wiring boards.
Examples
- In the Examples, the following procedures, measurement methods, and
materials were used.
Metal Layer Thickness - This was measured using a Fischerscope® X-Ray
10  System XUVM, sold by Helmut Fischer GmbH, Singelfingen, Germany. The
measurement is made by well-known quantitative methods, such as described in J.
M. Girffiths et al., X-Ray Spectrometry (New York), Vol. 61, p. 5 et seq. (1986),
and R. Tertian, et al., Principles of Quantitative X-Ray Fluorescence Analysis,
Heyden, London (1982).

15 Adhesion of Pd Layers (<3 pm thick) - Adhesion of these layers was
measured by the method of DIN EN 582.

Adhesion of Metal Lavers (25 um thick) - Adhesion of this type of metal
layer was measured by DIN Method 53494 (identical to International Electronic

Commission Method 326, part 2).
20 LCPs Used
All of the LCP grades used contained the same LCP (except for Type B),
with the filler and molding conditions being varied. The LCP was, except for type
B, was the same as described in U.S. Patent 5,110,896, Tables I and II, and called
“LCP 9”. The polymer for Type was the same except the ratio of terephthalic
25 acid/2,6-naphthalene dicarboxylic acid (T/2,6-N) was 87.5/12.5 All filler amounts
are percent by weight.
Type A - This contained 40% TiO, and 60% polymer. It was molded

using 350°C injection molding barrel temperatures and a slow injection speed.
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145°C mold temperature. ,
10 Type E - This contains 50% glass fiber and 50% polymer. It was molded
using 350°C injection molding barrel temperatures with a 145°C mold.
Type F - The same as Type E except the mold temperature was 95°C.
Roughness - Surface roughness, R,, was measured by the method
described in DIN 4768, using a diamond stylus. Surface roughnesses on as
15 molded plaques before treatment are given in Table 2.
Table2

LCP Type| Surface
Roughness
R,, pm
1.15
2.24
2.96
3.27
5.75
7.85

)t O O ) >

Examples 1-12
Flat plaques of the appropriate LCPs were injection molded using standard

20  injection molding techniques, including temperature in the injection molding
machine appropriate to the particular LCP used (see the original references listed
above). The plaque mold temperature is noted above in the listing of LCPs.

Plasma Etching and Sputtering of Pd - All of the LCP samples were

plaques of the approximate dimensions 6x7.5x1.6 mm. They were initially
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After drying, the plaques were placed in a sputtering apparatus, Model No.
CC800 made by CemeCon GmbH, Talbotstr. 21, 52068 Aachen, Germany. This
apparatus was equipped with a turntable on which the LCP substrate was
mounted. A single Pd target was used. Conditions for the etching (if done) and
10 subsequent sputtering are given in Tables 2 and 3, respectively. During etching
the pressure in the chamber was about 150 mPa. During sputtering the pressure
was generally about 700 mPa. If an Ar/O, mixture was used for the etching, the
molar ratio of Ar:0, was about 1:1. Afier the sputtering was complete, the
plaques were generally allowed to cool in the vacuum chamber. Sometimes the
15 rate of Ar flow was increased to speed the cooling.
Table 3 also give results of the sputtering, such as Pd layer thickness
formed and adhesion of the Pd layer. The temperatures given are the maximum

temperatures reached during the etching (if done) and sputtering.

20 Table 3*
Ex. | LCP Pd Etching| Etching | Etching | Coating | HF | Temp | Adhesion
No. | Type | Thickness | Gas | Power (W) | Time(s) | Time(s) | Powerb | (°C) of
Attained, uM (W) Pd (MPa)
la| A -1 No etching 2000 30 70 <0.6
1b B 1 No etching 2000 30 70 10.4
lc C 1 No etching 2000 30 70 5.1
id] D 1 No etching 2000. 30 70 134
le E 1 No etching 2000 30 70 15.1
If| F 1 No etching 2000 30 70 16.0
22| A 1 No etching 2000 0 60 <0.6
2b| B 1 No etching 2000 0 60 8.4
2] C 1 No etching 2000 0 60 6.0
2d| D ) No etching 2000 0 60 14.0
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12b{ F <0.1 Ar/O, 600 2400 125 0 102 -

*For all Examples, coating (sputtering) power was 500 W for one target, and the
anode voltage was 60 V.
5  ®The HF power is high frequency power during sputtering.

Examples 13-28

Electrolytic Deposition of Copper on Palladium Layers on LCP - Some of
10 the Pd coated plaques made in Examples 1-12 were electrolytically coated with

copper.

The electrolytic plating was carried out in an apparatus that had two
copper anodes. The plaques to be plated were part of the cathode equidistant
between the anodes. This distance from the cathode to each anode was about 5

15 om.

Two types of commercially purchased electrolytes were used. The first of
these was Cupracid® 828 obtained from Atotech Gmbh, Erasmussstrasse 20,
D10553 Berlin, Germany, and was used when the current density was 10 A/dm’.
The second electrolyte was MACuPlex® J-64 purchased from MacDermid, Inc.

20  Waterbury, CT 06702, U.S.A. and was used whenever the current density was 18
Aldm?,

The electrolysis was carried out as a constant current operation, with the
voltage being controlled to maintain a constant current. Electrolyses in which the
current density was 10 A/dm? were run about 10 min, and when the current

25  density was 18 A/dm? the electrolysis was run for about 7 min.

-
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Ex. No. A/dm? N/mm N/mm

13 9 F 10 0.42 0.50
14 9b F 18 0.32 - 0.53
15 10b F 10 0.16 0.50
16 10b F 18 0.23 0.59
17 11b F 10 0.33 0.41
18 11b F 18 0.41 0.06
19 12b F 10 0.51 0.48
20 12b F 18 0.49 1.00
21 9a A 10 0.04 0.15
22 9a A 18 0.11 0.17
23 10a A 10 0.08 0.15
24 10a A 18 0.02 0.10
25 11a A 10 0.04 0.10
26 11a A 18 0.16 0.13
27 12a A 10 0.03 0.03
28 12a A 18 0.01 0.01

*Final thickness of the Cu layer in all cases was 25 pm.
~ "Measured directly after electrolytically plating.
10  °Measured after electrolytically plating and heat aging 96 h at 150°C.
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or
| (b) (i) optionally cleanmg a surface of said thermotropic liquid crystalline
polymer with a cleaning agent;
(ii) optionslly drying said surfacs by heating;
(iii) optionally plasma stohing said surface; and
{iv) coating seid surface with palladivm by ion plating.

2. The process as recited in claim | wherein a palladium layer having a thickness of
about 3 um or less is produced.

3. The process us recited in claim 1 or 2 whercin said palladium layer hes an adhesion

to aaid liquid crystatline polymer of ebout 2 MPa or more when measured by DIN Method
EN 582,

4, The process s racited in claim 1 wherein:
said liquid crystalline polymer is cleansd before said comting; then
said liquid orystalline polymer is dried before sald coating by heating;
said liguid crystalline polymer is plasme etched; and
said liquid crystal polymer is coated with paliadium by sputtering.
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