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'Pol yi mi des’ an 2e;ri vatives of polyimdes~ are of great inportance to the
m croel ectroni Cs packagi ng and encapsul ati on industries. This invention
relates to a nmethod for the |ow tenperature |amnation of netals,
especially copper, to the surface of polyimdes and derivatives of
pol yi m dMETHODt FORALOWi' THEM BE RAFYRI LoAVIINATT KONoOJM EARA L$h
occurs on the pristine or -the 10 pre-activated surface and interface of
pol yi mides or derivatives of péﬂ'@ilgﬂle‘éIM{QESt act with a metal surface,
| am nation occurs simnultaneously. The surface and interfacial
pol yneri zation or graft copol ynerization with concurrent | armmmnmwmm he
metal are carried out u ri 4] nd in t
absence of an added pol ﬁéb@@m’hﬁﬁl‘f?ﬁ&gﬂ*gﬁﬁﬁ m degassi NGiss166*
Pol ynmerization initiators may al so be used to 15 enhance the graft
copol ynsIE14 OFTHERAINVENTIOMN: process and properties can be inparted on
surfaces of pristine or pre-activated polyimdes and derivatives of
pol yi mi des .in contact wiith pref erred tal. Thermal grafting or graft
copoﬁyng’r?fﬁsat%m VA FRE L HIORTHSEHaHE P B2 MPPOSRINES 9 IHEISEREIFGHoRles
presenc : i i LNQ, L. piited to,
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(2VP), 4empergiurgyarnubiatien Of Rtals2espebially icapparoty tig Surfader dfapolyenides and
triall y-éé,s 5- be?ze&etr' car boxyl at e, epoxi decont ai ni ng nononers, nononers
of pol y&CHERTSH Of BO Haldlﬁﬁl yanphol yte. The | ap shear adhesion strength of
t he so-1am nated pol yi mi de-copper interface can readily exceed the fracture
strengt hwhén tHemalipsiduat® gRMivd 8 SR ddpblymdiRatlo6@uraeheRnd pAstiler &NGkhs 25
of the so-lam nated polyim de-copper interfaces are greater than 16 N cm
wi t A0delpagrefiitatashsustace agd yntgrt sPalBingides) Qfr derjviativeseotopglytipides in pentagie
strong [ el My L1 I t alar | f rong
adhesi on Qgéo{r?l% I ogrll1 P%?@,tﬁlgﬂfaﬁﬂ%& ?%ﬁf’fl Qi%ﬂ.%t%ﬁ{ougﬁd tTrﬁlg %:%g‘% ei{nnt(arqntglf;} aec?altlng of
t he gr afpof@ndrizatich i @nghficdipbhignedizatidie vith @rasgedt§ lapdhation dfshometdsdrareat i ves
of polyimde on one hand, and the. strong adhesion, with or I 2 i auc 2002
-2 wit hc?&’f“eéhaﬁngén%faﬁgpéﬁ’hq“ﬁt gqoditiqngn aidyiin 1 the qomplete AbseRrst ob# 24Kdi ns 1 o
the et gy i AG6n HtidtBEoQl Mk dephdsHRY PRMRS AN Mifidi6rsTiyPAIsd Be L pol yer
depends on the proper annealing of the paolyl mde-copper Iriterface after
t herfral eghafceithe grafintapolyandradatipoteantiorn. z8hd processdint propeati¢socan be ifgmried esent
invention distinguishes itself frommpri.qr art lamnati.on of.petals t
ol yi m dstr R PrRES ohirt ety b B Piifes e MR or Soutbid Rediidy ou
at tenpeyith dpefatdisthal.i al |y bel ow the nelt processing and curing
tenperatures of the polyimdes, does not involve the polyamc acid
precursqr and no_adhesive is required to affect the |am nation process.
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metals, copper in particular, is essential for applications in
m croel ectroni cs. Depending on the configuration of the particular
assenbl yrhelnp shesp pdhesipa siiength of therperlaminatesinpd vimidgreeppen intgriaogican geaddlyy f ace

t hr ough Y ' 144 a 3 L& j.nation
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of r f agre tigd eydilamlinada] pfolyifiideadopperdiihietfaddso Areh @reatdre eltanwi Idie | N/chiypivéthent ed
in polyimdes and ot her, polyners_for adhesion inprovenent with netals and
with ot IislampigpyeRpcclds paldstye failiag imthe polyass lifas dbr sleons adiesiondspresni n, E.
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in M Stdebsl andCtheScotajon stethadng of Lthe Ighrafted| functional ‘chains on the surfaces of

polyimides or derivatives of polyimide on one hand, and the strong adhesion, with or




25 (Eds.), Plasma Surface Modification of Polyners: Rel evange1 IAUGAansi on,
. VSP, Zeist, The Netherlands ( 1994); and in K L. Mttal (Ed.), Polyner
Surface l\/bdl fication: Relevance to Adhesion, VSP, Zeist, The Netherl ands
(1995). The patent literature contains nunerous disclosures of surface
nodi fication of polyimdes for adhesion enhancement. However, nost of the
prior art is related to plasnma or chemcal 30 surface treatnment. A few of
the pri oritheut cltﬁrg%lrwfﬂre@tewc@om elf dheegrafted Sunctigead cheids 1o thetmesal sprface o1

August 0 f t rlz rlo art is directed to
t he ITDdI%EI ((?:tg?lon D adﬁ?ﬁ %tgt?}ef%%égr‘%}%efpen %‘b‘Wé?F?eié‘{‘ﬁl BESL the
I Mpr ov e N tpobf lmadﬂlﬁﬁ)lp&n 1ﬂit@rfﬁ@t aESr tHetmall ghafdhg O irtelxdid U gbliyMRrip@icdntand
literature search, there is no rel evant process which involves the
si mul t anBiRatioRdi f i cation of pol yi m de surface via grafting or graft
copolynerization and 5 the lam nation of a netal in the conplete absence of
an adhe C
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04- 359583‘51 yafiic Q&&%&Qurs@ﬁamﬁem@@m&z&ﬂ% to Affed GRS BhinRionIkEdesS

08- 230108, 08-32571 3; and - Russian Patent Publication Nos.” 262015, 315079
and 339042. SUMVARY OF THE I NVENTION 15 It is an object of the present

i nvention to rovide a new nethod for the |ow tenperature direct |am nation

of a nmetSC 'HI(A@Q%B&[FATEQ%BT\%C% of polyim des under atnospheric

condi tions. is also an object of the present invention to effect the
sai ggl a t n d [ e t
obj gctsrpa%ﬁ\ll%aﬁ%ag%gﬁg?ég gﬁ%:?zg l&ﬁggeﬁ?(%g%gadﬁg tgf?aléﬁs%&}gygp?gél ding a

met hod fperfonmhcé ieagineamgofropaeriiet parﬂculpxdﬁsmwit fod thct)mlcﬁaelpcrtsmml paak#ging

pol yi m de rfa s via low te erat graft atiop or
ot o £ adidsplss fiesatbisiole HOIECARARS o o G ot et A A B R Bhe
pr esenceataBflity NRve AIStiié ROndtBi | and AcHBsEd] afebiStah QW qr(ﬁﬁlmla@/ fRnd18@tdred
tenperature 1s selected to be substantially below the nelting or curing

t errper atapplécagipng h@/edmey rgHieteas] b)DBsKr Nhikerjt anfl ©- Demmm&ylygaédpl Eesheohni t h
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pol yi m dgplidatibacen mitRodettioakes @jeptexlitﬁng,aairyltm dﬁﬁﬁg@:@tl@{ 7 e p@ﬁlbmaf ed by
corona di schar%e ozone treatnent, UV irradiation and el ectron beam

borbar diessmblyike enppeingtahisditheniatiediged oo the polyiaide surface thieugl Nawim be
achi eve@vmﬁh&n%pﬂyﬁ&qm& by means of the direct lamination of the metal foil, films or

sheet to the polymer surface.

20 The strategies of surface chemical and physical modification have been widely
implemented in polyimides and other polymers for adhesion improvement with metals and
with other polymer substrates. They have been described, for example in, E. Sacher, J. J.
Pireaux and S. P. Kowalczyk (Eds.), Metallization of Polymers, ACS Symposium Series
440, Am. Chem. Soc., Washington, DC (1990); in M. Strobel, C. S. Lyons and K. L. Mittal

25  (Eds.), Plasma Surface Modification of Polymers: Relevance to Adhesion, VSP, Zeist, The
Netherlands (1994); and in K. L. Mittal (Ed.), Polymer Surface Modification: Relevance to
Adhesion, VSP, Zeist, The Netherlands (1995).

The patent literature contains numerous disclosures of surface modification of polyimides
for adhesion enhancement. However, most of the prior art is related to plasma or chemical

30 surface treatment. A few of the prior art disclosures are related to surface modification via



used for the surface graft copolynerization or interfacial polynerization
with concurrent 30 |lam nation are selected froma group of vinyl nononers
whi ch contain nitrogen heteroatons or nitrogen functionalities in the
pendent group or groups. The nonomers are 2 1 AUG 2002 -4%6150&5%% t ed
fromthe famly containing nultiple vinyl group functionalit U can
al so pronote chain crosslinking, as well as fromthe famly which contains
epoxi de functional groups. The obj ects and advant ages of the present

i nvention can be achi eved when the nononmer 5 concentrations used for graft
copol ymer egwdt ¢apalymerizaticay f Abhest noaprjareari isaditegtedrtarthe nfqdéfination of pOlyimisies ht
per cent. I sol t C . I i good
Col ubi 11 ¢ o e ot RisTaRioR LR ol MORSLRE R Mgk PhtbiG:

pol ymer i zati exhaudiive pdigretclitsraturel sagtolanthages b releeanprpesesd whicke idviobves ahe
obt ai ned when the nonopers used for the sinultaneous interfacial .

pol ymer i z SPTUANGAE MRqdHiFatny OEQHYHB{ch?HYfﬁ%Elés%‘a g o £ s?nﬂim%maﬂ%ami

quangi ty @fe IamPatin®fd fedhl @ihd Wniplétb MWsendd 6 ahRkdseOr s are sel ected from
the fam|ies of organic peroxides, hydroperoxides, azo and di azo conpounds,

and the | Frefurtherdbagkgrewndsreadion. spforenecis awde fo thp bollomdagpatent pylitations:-ar e
obtarned whengh e Kal,ahPNbOM 10AIY, D68l 3kes REEIRNARlysgAL ect ed from copper

nmetal and its allToys. T j ects an vantages of the present invention
are obt ai ned WhdatenhNopdB§Ihdl s4¥7644918d|48A2HEt | on are sel ected from

pol yi m des ang .I.hei I ] VES. bj ects and advantages of the present
i nvention ar eggégs}f#%%lﬁﬁg@éga%gﬁ' 9,(0&2?9&& yimde-netal interfaces fromthe

t herioml graf t Japoymst Vimeant Zablicatioandos. Nk18R2 T2 | HIS03A, \WOE2070at500 1681, 17070335,
concurrent |apmnatjon a t ur r t r.alu ia. a ool i ng
or aruieali ngg]p'r1 @583590%7@%@%%%@1%@% é%%&%\%@éﬂﬁgé)égﬁ% pr esent
invention is gy-Best7edod-23a08BIshG704; adiir ect | am nation of a netal, such as
copper, to polyimdes in the abs pl i ed adhesive and at

. he ence of an a
t enper at ure SEB%Sta&rﬁaFG&FP‘}bllﬁé‘llW?Sﬂ@@lés%lSP?gﬁ%q 3398#2-t enperature or nelting
poi nt of polyimdes. The |am nation strengths, as neasured in terns of

T-peel strength, of the pol §yMVMERYRIRTER INVENTRNES can exceed the
fracture strength of a 75 pmthick Kapton HN film While not wishing to be

bound by any theory, it is believed that the functional groups of the
phy$bcochdimscal eljeci fche eeser dnraniian dorgvide afnesdmgdbog far thenlawnismperatuse

polyi m dedirect lamination of a metal, such as copper, to surfaces of polyimides under atmospheric
conditions. It is also an object of the present invention to effect the said lamination in the

absence of an added adhesive. These and other objects and advantages of the present
invention are obtained by providing a method for modification of pristine, pretreated, or

20 preactivated polyimide surfaces via low temperature thermal graft copolymerization or
interfacial polymerization of an appropriate functional monomer in the presence of the
contacting metal. A desirable low grafting/lamination temperature is selected to be
substantially below the melting or curing temperature of the polyimides. Desirable radio
frequency gas plasma with low plasma power is selected for the pretreatment of the

25 polyimides to minimize the undesirable over-oxidation, etching or sputtering of the
polyimide surface. The surfaces of the polyimides can also be activated by corona

discharge, ozone treatment, UV irradiation and electron beam bombardment.

The objects and advantages of the present invention can be achieved when the monomer
used for the surface graft copolymerization or interfacial polymerization with concurrent
30 lamination are selected from a group of vinyl monomers which contain nitrogen

heteroatoms or nitrogen functionalities in the pendent group or groups. The monomers are



surface charge transfer interact with the contacting netal s:'tl_?ﬁgstﬂugi ve
rise to the strong adhesi on between the netal and the pol yner®

am nation tenperature in the present 2 1 AU G 2002 -5 invention is thus
governed by the optinumtenperature for thermally induced surface graft
copol yneri zatio:i and interfacial polyperization. Mre precisely, the

simul taneous interfacial polynerization, grafting and | am nation process at
t he pol yilsf spdectedefram thetfamilyceontaining rawtipld Byl greup Henotighaliies owbiski ¢anon of
t he peraoxid r . xj.d 5 at the poly rf . and .
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met hod, fuhaignal groopges surface i s preactivated by gas plasma treatnent,
ozone treatnment, corona discharge treatnment, or ultra-violet irradiation,

al t houg ri.stine polyimades.can al so.be used. The pristine and
ot eact | VHEGST giditatisrs of Rl Sy aBealoh it R rHBrS VL Cedngrome
COopOkY MR hERHtiaBBnLad! (BF BFECIpBly A AIEH bZ BltdrPRiaMpblyni@Batiby Pdn%@ fdn'y!

nmononers in the presence of a'contacting metal. The graft copolynerization
and i nt gpflaemeight peryeest.i Rasitable soleent o selpdtethfrenh thy gtaup vhieks provedecdoodn

i ni xi ator, at..the pol rnet-al _interface or in the. nononer.salution The
ret er r s BE ST bRaRes 8% S e e e R B o it b
functional groups which, are capable of undergoing charge transfer

i nt er actTHe shjutd dhdt fdan@pdsastithd gredént idedtion dlelbtaihddewhEN@ERidhoaiess gRldect ed
fromthe famly containing the i mdazole, epoxide, aniqnic, cationic or
anphot erfre the renpléangpug dgracialrpalymssizatinyg grafing smdnlsrupation peasesst alsot he
gr afityi n i i i r f i ercent.
The 101 o AR ARk Al AP Gy bRk SR AR Tk Breld SRLAHBPLERT
t he predemdésof oggasivgldroxades,ihydropatpkided, layo amd dihzo ccamgendd, a@d thedike. %0t o 5
wt. % of a crosslinking 20 agent for vinyl polynerization. The preferred

o oups o ShiEdE G a2 FrsdesThic B PR eeafift i PBmed b P aekh for ' ™!
advant aggsifatiot BR REREMN sdls@MrbARopp& ilhiaihaed aflbm pol yi mi de filnms or

sheets, as well as fromcopper foils, filns, thin sheets or plates. Thus,
in the preferred nmethod, the surface of the polyinides is pretreated with a

radi o 25herejetheyd gdeanigas ah thecpressn layestem arredlipined shen t palymees for
(untjr-eat 1. £ S: l\am d at |lower efficiency than
its lgr etlfg'gzantaggh%:{}&?ﬁ gtre?gggrn?gayillﬂlggge%%@fqég%g?ﬂﬁggiever, can be inproved by
the presence of an initiator. The initiators are selected fromthe famlies
of or garite qhgectxardieslvaimgghsafehopicskns invantoraard bestazbiceahwbemthe pbhydmsdd-ect i on

of frequency. and gas type (in the case of plasnma treatnent) and treatnent
i e T orneHe ik e o R ARl W0, SRRbm PG h P FRsee PR Gl  eoul
i n excesgitly @oféiRind da@ina@88 ' /6 akivghedoto trbéin PehipeREurs Wik ac 8low ReoRAE R r ed
tenperature for the present interfacial polynerization, grafting and

| am nat iashePmgaeeeess.s usual ly |l ess than 130 C under 2 1 AU G 2002
at nospheric conditions and either in the presence or in the conplete
absence of an added pol ynerization initiator. EXAMPLES The fol |l ow ng

specgiyf i ¢ exanpl es ang; '-@@N .hbﬁ%lf}@éﬁ M?b WMBRifon and the manner

in ?Ov\,hi ch it may bgﬁcsgl?rlﬂe outkﬁ??t Wi el%n erlgltrch)o@fIlﬁomever, t hat the

specific details given in each exanpl e have been sel ected for purpose of

i |1 ustr dfheopresend iavemtinotis tdiretted dores tnethotdeet disect ldmimatiat pHr wetal, hsmch as

i nvention. Exanple 1 provides re details on the, canduct, of the

si mul t an'®8B%"> str f’%‘é’émglféf’fl g‘Bﬁ‘ﬁ‘i‘ﬁ?i ataf‘oﬁ?phieht AP ot 8t IFEPEAN P on and
| am nat i QBstaxiRery ek the ghSs EdiMRdFtehperature or melting point of polyimides. The

lamination strengths, as measured in terms of T-peel strength, of the polyimides-metal

25  interfaces can exceed the fracture strength of a 75 um thick Kapton® HN film. While not
wishing to be bound by any theory, it is believed that the functional groups of the
physicochemically adsorbed and covalently grafted polymer chains on the polyimide
surface charge transfer interact with the contacting metal surface to give rise to the strong

adhesion between the metal and the polymer. The lamination temperature in the present



In a preferred experinmental scale process, an Ar plasm pretregtg&
~polyimde film e.g. a Kapton HN film of 0.5 cmx 0.25 cmid 3 2002 75
p.min thickness and a 0.1 nmthick copper foil of simlar size was |apped
together in the presence of a small quantity of 1vinyl im dazole (VIDZ).
The surface of the copper netal was clLganed with a m xture of 15 aqueous
0.01 MHCI/0,01 IYI HNO3/ 0. 01 M H2S04 in the vol unme proportion of 6:1:1,

r espect i DEIRONER NS @oygacd vy dhepptynum fanngratpredar Besadpl pdieed sistsasptafied

bet ween - i - Bl : Subj ui

pressur eéogfgl-yh%é eslcgsﬁ tedagnﬁ{ltgﬁl\cl}%ng(g l?ﬁlegggﬁédr algﬁeg%ﬁér(gssegﬂ ﬁﬁe Sg@s}g&ﬁ%?lils under
pr essur enteefscial gwlwudriztibed grafting eandallarginafién qopadsy ner tteatpobrimidestnethlaci al

pol ynmeri.zation. a | ami nati.on at, 120 C.for 2-4 h, wth e, 20 heat .being
PP v dednByiege isaitiectsh Dyl 1gna et aoposig Lo bacigeides b P aryENPades on
and kam fafd QlyRECGiRHLSe Bhd htdfdee, dllhARHBAG Yn WRSn@onRPptade0 returned to
roomtenperature slowy between the two heating plates over a period of no

| ess than 6 h. The polyimde-Cu joint so prepared exhibited a T-peel
st r engt Hndhe peaefemed methade theopolpintidesdsuntgce Heprepeivatadebys gaseplgsina dfeatmiant,75 pm

thick K i il 5 I 3y 1 nat k. on_ exper nt, a
pol yi m 3%}) 8/{' Bf%%ﬁénzl&sésgéo (31/1 I s%%ﬁe%glre F‘y%ﬁ?ﬁe‘%ﬁg%%g‘s‘l‘@ﬁ‘%‘s tarltg‘?‘é% Bﬁsq'—&%grrpl e
1, excepiolyinfided dagd atgpnisimesedalThe mthabmbp@acivatdd mlpntiddsyarothen sbpgsddi nki ng
agent, e. 3 2 vol. % of tig[i ally-1, 3, 5- benz,enett ri (F‘ar oxylate. In the,

pr esencdodrermrdlydnducsrd; gipfticagolyerization andyatariacial palyKTigaiediltigreadtive

fraghur e, sy f: | : 0 I i

ac hiqke)vegv“gl)%l @8%&%‘%6{? ﬁ%%%{egﬁ%éeerﬂa% F()ent%c]‘tﬂ1§§gg%@o?g? ggésﬁ g@él%ﬂtﬁ%‘)ksa&dm | ar
| am nat iiorerfagipbpolmmetiza®ntdnalso hhmicedbe thei presenemgl an djtiatorce phie pdigmet-he
crossl i nki nlg. aggnt is E}e | aced b(}i 2,4,6-triallyoxy-1,3,5-triazine is also
carri ed BHAN PGS 0BG eHIOYA crosslinki ng agent, a T-peel strength
exceeding 16 NNcm or exceeding the fracture strength of a 75 umthick

Kapt on Hef prefBrica raaxlitirﬁe«@qr@gelécté@f?oﬂxaﬂliecmmug rgresi Yokyhérs Mogh GurRkioh&Ss.
Furthernore, in the presence of the crosslinking agent, the adhesion

st r engt rere®pst wWhicairg capabe of updsrgning eherendrapsfac interastigns unich shryeentasiieg af t er
prolianged.(p 1ﬂnﬂa¥1§9 rﬁmeil} N SQ8KEA% A tp?tfgﬁﬁlgleon@%Lﬁxeﬁnlﬁﬂa&qgt her

preféerred experinen a pristine polyrm I'mi apped-t oget her w’th a
Cu foil epbxilemdnionisi egionit tohearppleseitc dundtioaals gedupsqudlliel tynahtrptisie ofl DZ,
VIDZ plus 2 vol. trially-1,3,5-benzenetricarboxylate, or VIDZ plus .2 vol. %
of 2, 4, ENPRQmAgs wissd, for the grafiing/|agunatiog progass Hepisadly rangs fram 4o 159 wWesghtc,

T-peel Sﬁe:%@e'ﬁg.t %e%&ﬁ%ﬂlzﬁgﬁéﬁ%&a}onaﬂfﬂh EndrreM £ tRNONHELNGE ’ai(fegsﬂﬁfﬁei vely,

for the three cases. .n yet another preferred experinent, a
pri st i neprpsenyd of dsmall hmoug, typippbyl irt thg eargeof Giltwit. 5 © Wbi%, affa gpselinkingsi ze

[ .Of L1 . it f the VI.DZ taj pi I
0.5 20 PR RGP adg, et firen dFhoind RESHE v S Bortu® 20,

| am nat i family containing multiple vinyl groups or functionalities.

The preferred application and the best advantages of the present invention are obtained
from polyimide films or sheets, as well as from copper foils, films, thin sheets or plates.
Thus, in the preferred method, the surface of the polyimides is pretreated with a radio
25  frequency gas plasma, corona discharge or ozone. Pristine (untreated) polyimide surface is
grafted/laminated at lower efficiency than its pretreated counter-parts. The efficiency,
however, can be improved by the presence of an initiator. The initiators are selected from
the families of organic peroxides, hydroperoxides, azo and diazo compound. The selection
of frequency and gas type (in the case of plasma treatment) and treatment time for all
30 treatments are important. Long pretreatment time can result in excessive etching or
degradation of the polymer surface. The preferred temperature for the present interfacial

polymerization, grafting and lamination process is usually less than 130 °C under



20 carried out at 100 C, T-peel strength exceeding the frac? D th of
_a 75 p,mthick Kapton~ HN filmis achieved. EXAMPLE G In anot er preferred
experinment, an Ar plasma pretreated poI yimde filmis | apped together with
Cu foil of simlar size in the presence of a small quantity of VIDZ
containing 2 vol. 25 trially-1,3,5-bengenetricarboxylate. For |am nation
carried out at 80 C,_a T-peel strength of no less than 12 NNcmis obtained
even at atmospliesify conditinng prsheithompe thet pregence opin thayempiwe abgnceExpwmpagded | n
yet anot 4 m nati on experinment, an Ar plasma pretreated

pol yi m d%ﬁmP&?““%Irglgaé)g together with a Cu foil of simlar size in the
presence of a small quantity of 4-vinyl pyridine. The |l am nation, grafting
and interfacial polynerization is allowed to proceed at 5 120 C for 2-4 h
in a hot press. A T-peel strength BXAMPLESs than 3 NNcmis obtained. The
T- peel strength IS increased to nore than 6 Ncmin the presence of a small
quantity..0 crossli.nki ng agent e resence,.of 2 vol. % .
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| am Bat i QRicR¥8hy BEBrrie@Bud It wln%mn@é@tbb@at@@vep lebydt A Spetificictasls bvdnapped
together with a Cu feil of simlar size in the presence of a small quantity
of “acryligyrcihexase have bepnscleeied fapuemese gF diusirattpnand arppelito deicanstructed

pol ymer i I p €SsS.

T- peel %Sr enéggltn[ﬁﬁl Og tﬂl essm%?%anég& d 1 m%%%f gforrrée)geéﬁgnfhg &?&%E g%hget h i s

I ncr easefimuanoue stxrfam gral¥/ cqspdlymtrtmupn ehperteiad fpodymedation L@ﬂt fatningtfona
crosslinking agent, e.g. in the presence of 2 vol. %2,4,6-triallyoxy-1,3,5
15 tri aZ*REOIMEXAVPLE 9 In still anot her preferred | am nation experinment, an
Ar plasma pretreated polyimde filmis | apped together with an al um ni um
foiljgof 0.1 mmin thickness in thegpARpeneq of a small quantity of glycidyl
net hacrylate (GVA). The |lam nation, grafting and interfacial 20

pol ymeri zation are allowed to proceed at 120 C for 2-4 hin a hot press. A
T- peel tlraentgfdtredfexmrmneetgl sqaéﬂwp@cwC@n Ag phistra metneaterheoll’upléelﬁlst le@gt his

i ncreas entherm r conpgsi tion a include a
smal | ﬁg?&t??wﬁ%n C‘]r} (93 N 28 R aél FH) q%pess and 4 bﬁ mm t?ncllé
triall y cl)pgeﬁfolﬂe&zﬁﬂﬂhf ktﬁé‘&@@ﬂ&é@HQogether in the presence of a small quantity of 1-

vinyl imidazole (VIDZ). The surface of the copper metal was cleaned with a mixture of

15  aqueous 0.01 M HCI/0.01 M HNO3/0.01 M H,SOy in the volume proportion of 6:1:1,

respectively, before use. The polyimide/VIDZ/Cu assembly was sandwiched between two
stainless steel plates and subjected to an equivalent pressure of no less than 10 N/cm? in an
hydraulic press. The assembly under pressure was also subjected to thermal graft
copolymerization, interfacial polymerization and lamination at 120 °C for 2-4 h, with the
20  heat being provided by a pair of heating plates. After the grafting. polymerization and
lamination process at 120 °C, the assembly was allowed to returned to room temperature
slowly between the two heating plates over a petiod of no less than 6 h. The polyimide-Cu
joint so prepared exhibited a T-peel strength exceeding 16 N/cm or exceeding the fracture

strength of the 75 pm thick Kapton® HN film.

25 EXAMPLE 2

In a preferred lamination experiment, a polyimide/VIDZ/Cu assembly is similarly prepared
as illustrated in Example 1, except the VIDZ monomer also contains a small quantity of a
crosslinking agent, e.g. 2 vol. % of trially-1,3,5-benzenetricarboxylate. In the presence of

the crosslinking agent, a T-peel strength exceeding the fracture strength of a 75 pm thick



EXAMPLE 10 25 In still another preferred | am nation experi nmen 4 ?‘Q Azqu
pl asma pretreated polyimde filmis | apped together with Cu foil p 131 | ar
size in the presence of a snmall quantity of 1-allyl imdazole. The

| am nation, grafting and interfacial polynerization are allowed to proceed
at 120 Cfor 2-4 hin a hot press. A Typeel strength of no Iless than 8 Ncm
i s obtained. o 21 auG 2002 -9 The T-peel strength is increased to nore

t han 12 Kaptanwhidhfilnh & avbievedat clompuoionitenpahtsee ofmidOfdeordessmal | quantity of
a crosslinking agent, such a 2 vol. %trially-1, 3, 5benzenetricarboxyl ate or
2 vol. %2,4,6-triallyoxy-1,3,5-triazine. To those skilled in the art to
which this invention relates, nman fﬂﬂ)ﬁgf?ﬁf n construction and 5 w dely

di ffering enbodi nents and applications of the invention will suggest

t hensel ves without departing fromthe spirit and scope of the invention.
The di schosiuties landndtion elgeiriept iasnthaeribustrazsde ipUfednyple | 2,uskdept itk érd are
not intended to be in any sense. lim.tjng. 2 1 AUG. 2002 CLAIM5S 1. A nethod
for the $afliRsNEAgeRt!s aeﬁwé{kyt%‘hé-tﬁeﬂlm%mld%éar%a?gﬁ Heoiearged ioyht fviheat a

t enpey at halihy; € Ll t e . ting
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pol yi m déaderei vtadnigite of sa 575s yny ehitkedKapIon%dﬂNaﬁhgr’ﬁf achieyed!| ytmar landhdtivm and
interfacial polynerization in_the presence of the contacting metal, with
concur r el§MPeERRYRA AL 166 “efordess. Furthermage.tin dhgoprasense of de erpssh seenls the
function Q 2 e o i.ng.to L1 in.amnation
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i nt er f acpralonged gred daa) immeRingtdoekin® id epeed j unction between pol yi mi de and
netal. 3. The nmethod according to Claim1l and Claim2, wherein the

| am nation and _ interfacial reactions are carried out under atnospheric
conditions and at tenperature bel . The nethod according to any
oned]@f t he preceding cl ai s, Mer%m]ﬁgl yimde is 15 in the form of
film sheet, slab, fiber or porous substrate. 5. The nethod according to
any one BfanblifRr preE&ed dxpeimant's priviiR RilyintifefiPeiylappddatob&hdt itk 8 @ue@iiwi th a
gas plasmm, ozone, corona di scharge, irradiation, electron beam

bonbar dn@hsimglar size ys dbie preseres qfra smphh gqupgitn ofepurg ROt WBW abuso? dohdst o any

rr “us e wihetungion ofgpury e _
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7. The nifabigd degaadlinagot eamiey cunat 090 POE Tpseet e@éipthsCé@etding WNO! ehd 11 he

interfacial reactions are carried out in the presence of a polynerization
i ni t§5at o/cm are obtained, respectively, for the three cases.

EXAMPLE 5

In yet another preferred experiment, a pristine polyimide film is lapped together with a Cu
foil of similar size in the presence of a small quantity of the VIDZ monomer, containing
also 0.5 to 1 wt. % of a peroxide initiator, such as the benzoy! peroxide. For lamination

20  carried out at 100 °C, T-peel strength exceeding the fracture strength of a 75 wm thick
Kapton® HN film is achieved.

EXAMPLE 6

In another preferred experiment, an Ar plasma pretreated polyimide film is lapped together
with Cu foil of similar size in the presence of a small quantity of VIDZ containing 2 vol. %
25  tnally-1,3,5-benzenetricarboxylate. For lamination carried out at 80 °C, a T-peel strength

of no less than 12 N/cm is obtained even at this low lamination temperature.



8. The method according i o any one of the preceding clains )ghﬁg@lzﬂ he 25
_polyimde/ metal assenbly after the |am nation process is rgt room
tenperature in an annealing process. 9. The nethod according to any one of
t he preceding clains, wherein the netals are selected from copper,

alum nium gold, palladium nickel, orgthe like, in the form of Z ~ auc
ZooZ film foil or thin slab. 10. The net hod according to any one of the
precedi ng cl ai ns, wherein the nonERAMPEEe7 sel ect ed from vi nyl nonomers
whi ch contain nitrogen heteroatons or nitrogen functionalities in the

pendent L99QURofer BFAURS laeﬁna\ﬁﬂahcetag& LR M ﬁpgg'sglle r%&%ﬁéd%mﬁ%eﬁ%% The

met hod according to any one of precedi ng wherein t nmonomner s
are sel éxppetﬂtdgbthm wite af@mfdxyofiﬁmwlanyke mothe ipeasencearf si sydalinguaofityle fid-riply

i m dazol e m dazol e,. in r.idi 4-vi nyl ridine, acryl oyl
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crosslinking agent is selected fromtrl al ly-1, 3, 5-bezenecar boxyl at e,

2, 4, 6-t Tkl stoengthlis3néreased dg inmee tizamdo N/@Mntthq mesgnlccyﬁhcstreidanantxaeof a'he

met hod accqrding to any.one of the ecedin L. gj s rein the T-peel
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15 14. The nethod according to any one of the preceding clains, wherein the
nononer concentrations used for graft copol ynerization or int erfaci al

pol ynmeri zation range from2 to 10BXwM®BE percent. 1 S. The net hod
according to any one of the preceding clains wherei n the nononers al so

contai n_a pol rization initiator refer selected fromo
per oxi dBE Yt RO PissTeddpreation zspaihert B8 ISP Y SR s The
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here| nbe scribed wth reference to t exanpl es.
| ami nat Hubrphmlhylﬂm de vinmmagiond geadting yand  iméerfeothl awlpherizatidn i ave arllovedetof t he

recedin i By CACACAR AR AT 3 AY AL A . AA. Ah2
P ! goc da at 120 °CA\ %(Lr 26-\4 h 1A|n a hot press3 A T—pgel streixge{h opfpﬁomss than 3 N/cm is
obtained. The T-peel strength is increased to more than 6 N/cm in the presence of a small
quantity of a crosslinking agent, e.g. in the presence of 2 vol. % 2,4,6-triallyoxy-1,3,5-

15  triazine.
EXAMPLE 9

In still another preferred lamination experiment, an Ar plasma pretreated polyimide film is
lapped together with an aluminium foil of 0.1 mm in thickness in the presence of a small
quantity of glycidyl methacrylate (GMA). The lamination, grafting and interfacial
20  polymerization are allowed to proceed at 120 °C for 2-4 h in a hot press. A T-peel strength
of no less than 2 N/em is obtained. The T-peel strength is increased to more than 6 N/cm
when the monomer composition also include a small quantity of a crosslinking agent, e.g.

2 vol. % trially-1,3,5-benzenetricarboxylate.

EXAMPLE 10

25  In still another preferred lamination experiment, an Ar plasma pretreated polyimide film is
lapped together with Cu foil of similar size in the presence of a small quantity of 1-allyl
imidazole. The lamination, grafting and interfacial polymerization are allowed to proceed

at 120 °C for 2-4 h in a hot press. A T-peel strength of no less than 8§ N/cm is obtained.
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simultaneous surface graft copolymerization and interfacial polymerization at the

10 lapped junction between polyimide and metal.

3. The method according to Claim 1 and Claim 2, wherein the lamination and
interfacial reactions are carried out under atmospheric conditions and at

temperature below 130°C.

4. The method according to any one of the preceding claims, wherein the polyimide is
15 in the form of film, sheet, slab, fiber or porous substrate.
5. The method according to any one of the preceding claims, wherein the polyimide is

pretreated with a gas plasma, ozone, corona discharge, UV irradiation, electron

beam bombardment or is used in its pristine form.

6. The method according to any one of the preceding claims, wherein the interfacial

20 reactions are carried out in the complete absence of an added polymerization
initiator.

7. The method according to any one of the preceding claims, wherein the interfacial

reactions are carried out in the presence of a polymerization initiator.

8. The method according to any one of the preceding claims, wherein the
25 polyimide/metal assembly after the lamination process is returned (o room

temperature in an annealing process.

9. The method according to any one of the preceding claims, wherein the metals are

selected from copper, aluminium, gold, palladium, nickel, or the like, in the form of



10-u 10-u9
.- 10% u&' () - Bl CCCADDDAEbC#310Sf 10%2 &' () -y10% &' () -"10%& () - %élﬁ%éﬂﬂg- "10%
z& ()- |
"10% & ()- D] EFFFOGGaBbC#310' nf' 10% &' () -f &' 10% & () - S#f 10% &' ()-L! @0%z& ()
-"10%& ()-! Ny$10%z& () - GG HHHI % dEb( 1310, 310% & ()-&010%& ()-.Z2"10%& ()
-, M 10%& ()-3+$10%& ()-)n' 10%& ()-%11:3JJJIIxnbC#3100, #10% & ()-, 10z
10z 10z; ni' 10%&&),(fpH ot ek& () - 7nt 10%2 & ()-6$10% & () -JIKILLLLM
M oaS4f #10% u&' ()- 10(( 20(( 10((! sP10% (& ()-! s$10% (& ()-"10% & ()-
0 ! - " 0 ! - 0 ! - ! 0, ! -
éiéoo/m/ﬁg E(%_ | %%Lié%csérgin]got({ea%ﬁ& 04123 O%Jfl?e/%regea(igg cl!ain%l;ow/ﬁsf\:lfléafg ‘%hé Llon!ox%\e(rs

$10%u& () - 108 wélebtbd Eok PR homaRAwhidl Yo mtéin(ditr *é'nlﬁ)&(eﬂd&o(ﬂs-erﬁ%%‘VMU&' (
)- ! $10% u-u& ()-10% u& ()-1"10% u& () - oRzRSSSzT%T| T}y T}[ MP1 10uu 10uu
10uu! L : " 10%fk&ctignakities in the pendent group or groups, or which contain epoxide functional

10% '()-!Xlégégwéu-u&f()-!&990“10%uu&'()--910@éu&f()-}TTTTEUUUdENPl 10uu
10Yf TO%& () - & ()-, 1000& ()-1"10%& () - &10%& () - @10%& () - 3UUDVWVAW
WABM?1 10uu

1109%& () -.L$1DRbRiethod yatOSitie(th ahO Yn& of Yhel AiHalify claBid Gizidh (he mBHORRREHYYaBM
?1 10uu 1&) 10%& () - . . . A e e

(Y 10%& () - $arso>51§cte§ fiow bedomily Of ving! poregsBEoRssenobk V! ivizrdlsdiaie 1
10uu al?l imidazole, 2-vinyl pyridine, 4-vinyl pyridine, acryloyl morpholine, glycidyl

18) 10%& () - 9310%& () - s1nt T0%& ()  &y/ Z10%&' ()-s-F"10%& () - Y+10%&' () -
Nor mal " " Headinndradi3late, allHeglpididy] ety candtheliki.ng 33] ¢" " Headi ng 43]c"

"Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A

" Def gul t . Par agr aph.. Font $4.8[ 2Q A hdf hj | np! XZ9: . <=>?2( U $ -) . 24b79};

o Fvoo RS SRR e i AR R i i ot

RomanAr i al Couisiselectié o Rl - 1535 by Xibiecddberimef 2,4, 6-triallyoxy-1,3,5-triazine, and

| " #SYR () *+, - . | 0123456789 : <=>7 GABCDEFGHI JKLMNOPORSTUVWKYZ[\ ] A" abcdef
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13. The method according to any one of the preceding claims, wherein the T-peel

strength exceeds the fracture strength of the 75 pm thick Kapton®HN film.

15 14, The method according to any one of the preceding claims, wherein the monomer
concentrations used for graft copolymerization or interfacial polymerization range

from 2 to 100 weight percent.

15.  The method according to any one of the preceding claims, wherein the monomers
also contain a polymerization initiator, preferably selected from organic peroxides,

20 hydroperoxides, azo and diazo compounds and the like.

16.  The method according to any one of the preceding claims, substantially as

hereinbefore described with reference to the examples.

17. A metal laminated polyimide when produced by a method as claimed in any one of

the preceding claims.



