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of tHe invention by vapor depositian, by sputtering, by dip coating In a
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§6  The Drawings

The invention may be more easily undersfood in reference to the drawings, wherein:
FIG. 1 is microtome section of a polyimide substrate of the invention; and
FIG. 2 is a photomicrograph of a polyimide substrate of the invention taken at 60° to its textured surface.
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ing. *Pol yi mi de substrates that have been texturized by steps a) and b) are
useful for purposes other than.to be netallized by steps c¢) and d). For
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ar e di s€uss ed) thedubstratelvakdipped ife? Snelmifuidiintd @n adueais estiidingabiytion 125 he pHNY tdtrenéthyl
Peel Val ue 1@mmoniuniaanadigi ethylenediathinguekagetate)] thelresoltingegreen colored filmgvab cigsed it ¢e-
i nch (1. 5mn) a¢rated\iiaitinized waterppd then dibped fdn d.5 midutes intezancbxidizing, aqusous copper ion solution
(10 mM copper sulfate and 27 mM potassium oxalate); the deposited copper thin film (5-8 nm thick) was
rinsed for 1-2 minutes with de-aerated deionized water and then dried in air for 15 minutes at 100°C;
50 b) the polyimide substrate was next placed in an electric furnace in air at 450°C for 3 minutes, removed,
and allowed to cool to room temperature.
This afforded to the polyimide substrate the textured surface shown in FIGs. 1 and 2 of the drawings. The max-
imum height of the asperities of the fextured surface that are seen in FIG. 1 is about 0.5 pm and the maximum
distance between adjacent asperities is about 0.5 um. Most of the asperities are only about 0.05 um in height
65  and about 0.05 um from adjacent asperities.
F1G. 1 also shows that copper deposited in step a) had formed clusters seen as dark spots at the surface
of the polyimide substrate. An electron diffraction pattern produced by those clusters suggests that the copper
exists predominately in the form of cupric oxide. Fourier transform infrared and electron spectroscopic analysis
of the textured surface showed it to be essentially the same as untreated polyimide.




surfdce, and the netal is etched by i mersion in aqueous 10Mferric
chloride solution, repeatedly rinsed with de-aerated distilled water, and
dried at, [err], 50% RH for at |easgpgabysesns The [err] Peel Value of the
remaining nmetal strip is neasured with a tensile tester (Instron) by IPC
(I'nstitut eEof' ‘P%i nted Grcuitry) Test Method 650- 2.4.9, nethod A 15 [err]
Peel Val ue”8PPef Heati ng to either [err] Some specinens, after etching, are

first dri e@,egﬁ_gﬁo e M&é{ﬁze@;d{iﬁ%éub the_n inserted into a furnace, the
tenperaf ur In IuSZLnrakrﬁb pheft; thi téxtited Yy Qﬂ?éx%mﬁ%g?ﬁﬁp%&%%ée%oﬁf'e
final test tgiGALGiddsTedlbin éo‘i;fﬂ&{ @5, BHEH | tbtrambib aniofibi PekadiGHh Sthi1SRSREIAL 8t Y
refoved and gLk fhsbdwith¥elaeraidd tiéidrizbd Rk 1é BwdThintids ina R BipHsaIf6 Bnd MiRtEMto e At
day and ot hepgdiadg, &iuedils S6ppaiGorbiuith HoMM Yoph&? Silfale ARPLT it botsbsiuf @xdRR) the/pbe

af t er  Ther nalted2ppek(4 A thick) wasAREER wiliP@L defdtdueioniied ivalf; (e ipblFimida Eubstratd iy Géxekh- t O

| PC Solssler Fimeméd it @ sémmdedidl eidctblsl platifig Sdiutidrh.d) @ilipésit CH7EHRAI Shighly CReniédl €6. IndG 1 d
Under cut  SonRewstpe BIANFOI2Sninubds toatepasit 00DINAGS el@trfless icbipeisiBEed withde-aétated delovizediite® OUS
sol uti on of ewiientrated hydrochloric 30 acid at [err] for 20 m nutes,
rinsed wth doinbtheeidirowms enpper kapet otthe mlyimide sahistrate,ta Idyerof dopisdapprkimbtely 22dm thiskir s
foll owed by [esei§ctrépiatedin meandard aeid eoppdr platingtbath atawrrent deveityef ehout 178 Ampséniferdsi ng
for [erf[ Pebinuigsifoiowed by ringingavith de-pesateddeionized wyates for 5 winutes; lpbr drying ip aisfor34 hoyre
filmwere nmefadG. 5% RHand for qne hpur pA26°Cv/al ues were determined after the metal
| ayer had be&9ftsrobife (reytingmntaligerrolyimiqe sutstrata of Expmelo@WeBy t he | PC test net hod.
When 90 Peel Val ues have been neasured w t hout renoval of one |ayer, poor
initi alzﬁval ues have been obtained unless the 35 curreqnsdansity at the
begi nnihg of step d) Iho i hi gh, e.g., 33Q-400 Anps/[err].
Furthernore in or derI géi()%fgdlbn (?3% ggrwf Peel Val ues a?‘t?ér heating, It has
been necessary to dr99% Reglol¥Alese 2588t 2BREChe- tween steps c) and d),
e.09., 20 mnutes at [err]rimeldrdaya) Exanple 1 40 (Texturizing a Polyimde
Substrate) Onto each surfacqyof a 5 cmx 8 cmx 75 [err]; i ece of "Kapton”
300VWN pol yi m de substrate, copper was deposited by the procedure of Exanple
20 of Krause 4,710, 403 excep‘t as noted in the foll ow ng 1§Pep a) which was
carried out in a nitrogen athosphere: 45 a) the sub®rate was dipped
for one minute into gge AeEPUMIRIUGIERGS8hEEEON (25 nM pH 11, tetranet hyl
anmoni wn vanadi um et hyl enedi am pe tetracetate); the resulting green col ored
filmwas rinsed with de- 'lé’é?eat(éit}ytféi oni zed water and then dipped for 1.5

m nutes into an oxidizing, dueous copper lon solution (2® nM copper

sul fate and 27 nM pot assi umpxal ate); the deposited copperg thin film(5-8
nm thick) was rinsed for 1-2{jrri nutes with de-aerated dei gbi zed water and
then drfed in air for 15 minutes at [err]; 50 b) the “pol yi m de
substrate was next pPatecReekh Value .cPheirgatufhack in air 19 [err] for 3

m nutes, renoved, anggelpeyedrdrue0Rcidounaepttenperatungo This afforded to

the pol yl m de substrate the textured surface shown In FIGs. | and 2 of the
drawi ngs. &gﬁmg@g i mum hei ght of the asperities of the textured surface -
that’are seen In.FIG | is about 0.5 [err] and the maxi mum di stance between

adj acent as p%ﬁﬁﬁ@%mk@;da%t&-w‘ég[fpah ad\RBlanfle 217BR a &XIDAME bbijiRle &ibStrafithade
about 0. OSaglupEstainple B eks@btdhdt in3Rp bR Bifferah QitiperdtuldS adtinel wére @Mplayd aSRdiéated in Table
asperi ti esy, BExamfle 4lis srbseat FEMplednat copper deposited in step a) had fornmed
clusterss seen as dark spots at the surface of the polylmde substrate. An
el ectron diffraction pattern produced by those clusters suggests that the
copper exists predomnately in the formof cupric oxide. Fourier transform
infrared and el ectron spectroscopic analysis of the textured surface showed

it to be essentially the sanme as untreated polyimde. 5
50



EP 07408 205 Bl Exanple 2 (Preparation of a Metallized Polyinide Substrate)
5 c) In a nitrogen atnosphere, the textured polyi mde substrate of
Exanpl e ;1 was dipped for 45 secondgplbsreg@iagqueous reduci ng solution (25
mM pH 11, tetranmethyl ammoni um vanadi um et hyl enedl anm ne tet- racetate);
rinsed with de-aerated deionized water for two mnutes; and then dipped for
one mnute into an oxidi zing, aqgueouIABHBp&r i on solution (10 nM copper

sul fate and 27 M pot assi um oxal at @)ge phe1deRPses | (if epper (4 nm thi ck)
was ringed wth tWemper atBiinelei on_mmmmruéﬁw Z A was
next im 10Ex. fR€3ed ifMincbhmilridiiall el ¢éNor Dékag) pl atdmwb&ﬂ.hgm, i.e,
Cuposit" CP.78 frgm Shipley Chemical Co. Inc., Newton, MA. for2 mnutes to
deposi t 1003nm of®8| ect rdtess copp@ro; rinsedidPth de- aer at e@5dei oni zed

wat er and ddi ed. 489 onto3tthe el ect 9@l ess coppes! ayer of thaggol yi m de

substratve, g | aygggf coppejgapproxiggately 25 thick was gl,actroplated in
a standard gcid gggper pi a%; ng ba?’hﬁgt a cur%ge)%nt density oﬁjgbout 175
7 -

Anps/[err] Por 5 nut es:18%ol | owed b%Sri nsi ng wi t h9@e- aer at ed
dei oni zed wdter B0 5 mhwR%®s; and6edrying In 85r for 24 houqs at [err], 50%
RH and for gne hgyp at {@rg]. Testgsof the repall ting netalligged polyim de

substrdfe of Exapple 2 re: 20 ,
(N dm) InitPal [gﬂ’] pext O val e 120 70 6070 [err] Peel
Val ues aftetQ[ erf90Ti ne30(@ays) 2315 130 105 0
3(2)0[1 1 11 00 fzo.o[ | 15 (dﬂ’f’) 90 95
err e alues after,[err i me a
291 gh Vajygs afferglerr] 4 ) 50
7 5 13 400 5.0 115 70 8@rr] Peel Val &, Thernal
Shock 160 [err] Peel value, Acid Undercut

130 40  Exafikrdasopi-etemindadridr bhch@fkn® popimidd sibstated 3f xainfies 38 508,A0GME  PéttePthe | N
Exanpl 52 fdatiBatimehEXdpb) SHdwsPdubdtartislg triolsBiRé mfoRogtBidfhyas shon AT dtthd dRWMENT
that in stesdorexstipleb &12@kd i3wP ehalbtbspsitisdnd ti mes were enpl oyed as
indicated in Table 1. Exanple 4 is a repeat of Exanple 2. 45 50 55 6 EP
0 408 205 BEmMABL-E (domparative) Peel Val ues (N dnm) 5 Tenp. Ti me
After [err] After Jerr] Ex. [err] (Mn.) Initial

(No Delsay) A metallized polymwidgaybstrﬂe Was/prepared as in Example 10 except that in step b), the heating was

in a nitrogen atmosphere. This produced an initial 90° Peel Value of 25 N/dm, and 90° Peel Values after 280°C

of
35 . .
Aging Time (days) (N/dm)
0 _, 10
1 15
o ® : 0
Examples 14-19

Metallized polyimide substrates were prepared as in Example 2 from textured polyimide substrates made
45  asin Example 1 except at different thicknesses of the thin film of copper deposited in step a) as indicated in
Table I, which also reports testing. Example 17 is a repeat of Example 2.
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3 ' 450 50 80 | 115

95 4 450 3.0 , 95 115
105 10 . 5 . 450 2. 25gp 0 408 205 B1 135 165
130 6 450 1.25 165 125
90 7 450 0. 25 160 85
45 8 430 . 10.0 TABLES I 115
90 9 430 5.0 120 70
O e 4 %% 0 S vatues (veaf3d
o Red 66 .
95¢20 12  pimd Thickw 0 afted330°c  After 2809¢
50 13 4%) (sec.) Stith) Initial l115(No Delay) (2 3Shy Delay) -

15 M croscopi ¢ exam nat1on of each of the polyrmde subsirates of Exanples
3, 4, 5 81410, aRd 11 aft¥r the 28 heat-tri@atnent step ¥ showed

subst anti aljlsy thggpsane m ¢ o-t opggpaphy as shygwn in FIG 12ogpf t he draw ngs.
Those of exanpl e§o7 12 anp 13 hgg smal | er gsl_,g.’erltles Ie 10-C
(conparati Anetalliz polylmd ubstrate was repared as in
Exanpl e 10 xcep?ot hat in%tep bt7%t he heatildd was in a me% ogen

at nospher e.18Thi $2pr oducediian i ni tsal 90 Peelidgal ue of 25 NM@Em and 90 Peel
Val ues aftqrg 28Qge of Agipng Ti mgm(days) 120 105 (Ndm O

10 1 0
Exanpl es -19 Metallized polyim de subst rates were prepared as in Exanple
2 fromte "ﬂ @ﬂﬂbol y| m de substrat es made 45 as in Exarrpl e 1 except at

diff hi.c
AL

of Exa - oppero tJe 8 ce of the polyimide substrate after re-
[err] Peel Qlloﬂ?@ cI ﬁl! view hﬁ?ce was substa 1] Kchanged as compared to a pho-
After [err microgrﬁfhttﬁ'ét h @EJeL oftheSurfice priort&fiinoving the oxide dusteds! A Inicrotonfe!¥action
Del ay) showed no dérR sfotiwHieh lar)bbliel 8l to indidate copper biade clusters in FIG. 1 ¢} the drawings.

=

70 The oxide-fréepollfnide substratd was then metallizedlas in Example 2 attdested, with the following 80
105 16 sult$5 0 7 180 125 95
17 90 ] 170 115 105 15
18 30 11 180 115 90 19
180 14 170 : 9070 Peel Values 105 Exanple 20

20 The heat -ghiadta@d textured polyi ni de substisat g/ah Exarrpl e 1l, at the

concl usi on 3{ £euCR ghrc mg,ra%ﬁd In a 50%’1@"4#%» Ygogg gp of

concentrated ni tl‘l C acli nut es and-rinse
dei oni 7&d N/dm (2 days aging)
Example 21
v, 40 Several pieces of "Kapton™ 300V polyimide substrate were provided with copper thin films by the procedure

described in Shipley product literature for the "Cuposit" CP-78 electroless copper system (Shipley Co. Inc.,

Newton MA). In doing so, a surface of the polyimide substrate was seeded with palladium and plated with elec-

troless copper. To produce thin films of copper, plating times in the eleciroless copper solution were limited to

3-5 seconds. The samples were rinsed with deionized water and then heat-treated and metallized as described
45  in Example 2. The heat-treatment was either 450°C for 5 minutes or 400°C for 30 minutes.

90° peel Value_s

Initial 90-180 N/dm
After 280°C thermal ramp: 50-100 N/dm (0 days aging)
55-110 N/dm (1 day aging)

85
When other identical samples were electrolessly copper plated for longer times, lower adhesion values were
noted especially following the high-temperature thermal ramp. Samples plated for 20-45 seconds had the fol-
lowing 90° Peel Values:



aat er:;, thus dissolving the copper oxide clusters. FIG 2 shows the surface
of the polylnmde substrate after re- noval of the clusters. This magnified
view of the surface was substanti akp)yspgspgaqroed as conpared to a pho- 25
‘tomi crograph that had been nmade of the surface prior to renoving the oxide
clusters. A mcrotone section showed no dark spots which are believed to

I ndi cate copper oxide clusters in FIG 1 of the drawi ngs. The oxide-free
pol yl m de substrate was then netallized as30th Heedni¥hdu®s and tested, with
the fol]ow mhitgalsul ts: 30 [err] Peel Valamsdonii/aal

Lo A U d o oct RRL R A 20-70 w/am (0 'dpd'agifngy, (0 9V,
days aging) Exanple 21 40 - Several plENErR (kafRBPIIPIV pol yi ni de

substrate were provided with copperthin filns by the procedure described in
Shi pl eyeproduct literature for the "Cuposit"” CP-78 el ectrol ess copper

syst em ( Shiexamplg2£0. I nc., Newton MA). In doing so, a surface of the

pol yi m de substrate was seeded with palladiumand plated with el ec- trol ess
copper. To pAe@ced "Kapton 300V palyinide substrplowas pibjattedig step Ayt Exampit i exceptaisdt the lswis s
copper sol swateavas dieped for 1 Teetands into tHe réslucingzolutitm.andas oxidipgdlircan aqesous 2.5 mM ealladiing h
dei oni z&d shieride/ SGmM potassivminhiqtidetsplution é 3Qisagonde toalepdsit @ thinfitm ofepsliadiulcthen the syin
Exanpl e 2. strisavap bagl-treated gt 4987 for gmimigstimali Eipetiop Yliffagiion anajysip e&tweewueqr@icﬁtfd her

30 m nut es'.”eﬂ;%‘?epf pafiadiym apgd pe|ladium pxide,This; teytured polyimide substrate was metallized as in Example 2
90-180 N ¥ Xt8y [err]C thermal ranp: 50-100 Ndm (O
days aging) 55-110 N dm (1 day aging) 55 Wen other identical sanples
were el®ctrol essl y copper plated for |ongergge sl vQveés adhesi on val ues

wekes not ed eé:_pﬁgiigaly following the hi gh-tﬁmﬁeéﬁ re tnermal ranp. Sanples
1

plated for 2 séconds had the fol- | ow " Peel Values: 8 EP
0408205 Bl [ &fterpéBP°Gathpemal ramp:| pjtj g N/dm (0 days aging)

40- 180 )V dm After [err] thermal ranp: 110 N/dm (2 d&ys AyiMgdm (0 days
aging) 0-60 NVNdm (1 day aging) 10 Exanmple 22 A piece of "Kapton" 300V

pol yi m de substrate was _subjected to step a)_of Exanple 1 except that the
sub- strate Wited AsLd %39 HWtleconds Into hﬁa N/@%uci ng sol uti on and was
oxi dized in an aqueous 2.5 nM pal |l adium 15 chloride( 50 mM pot assi um

chl ori de sol Whememofher piesd ofremiythiidei substiatp eras fieatirdater at 4004CforGiminues linsdadifR mitaen
t he sub- sttesaand whensa thigkpiece wascheadreated 4t ¢50° G fof 2mimitesna grepishsesidne fainmed oithe tetured

di ffracti owrfegeal ysis of the residue indicated the presence of pall adi um and
pal | adi um oxi de. This textured polyi mde substrate was netallized as in
Exanpl e 2 &®Pe&3ted: 20 [err] Peel Values Initi al

180 N dfn Pieces of "Kapton" polyimide substrate were textured as in Example 1 except that instead of step a), the
pieces were dip coated in a 2% {(w/w) colloidal suspension of copper particles in mineral spirits (obtained from
Mooney Chemical Co. inc., Cleveland, OH) for 30 seconds. These pieces were not rinsed but immediately dried
at 125°C for 15 minutes. The samples were heated 450°C for 2 minutes in air and then metallized as described

40  in Example 2.

_ 90° Peel Values
45 Initial 130-180 N/dm
After 280°C thermal ramp: 70-165 N/dm (0 days aging)
90-130 N/dm (5 days aging)

50
Examples 24-28

Films of "Kapton" polyimide substrate were either sputtered or vapor coated [Step a) of the above-outlined
process] to form a 10-nm copper thin film and then heat-treated at 450°C for 2-7 minutes. After heat-treatment,
55 thetextured substrate was copper coated using sputtering, vapor coating, or electroless plating processes [step
c)}- When by electroless plating process, the process of Example 21 was used except with a 2-minute immer-
sion time. In each case, the resulting copper layer was thick enough to permit electrolytic depasition of 25 pm
of copper to produce a metallized polyimide subsirate, tests of which are reported in Table lll. The "Controls"
of Table Il omitted steps a) and b).



Afterr[err] - thermal ranp: 130 Vdm (0 days aging) 25

110 N'dm (2 days aging) After Acid Undercut: 175

N dm 30 Wien anot her piece of gpohGepsdsH4™ de substrate was heat-treated
at [err] for 5 mnutes instead of 2 mn- utes, and when a third piece was
heat-treated at [err] for 2 mnutes, a greyish residue fornmed on the
textured surface. Exanple 23 35 Piecessng Y¥@pton" polyim de substrate were
textured as in Exanple 1 except that Tnstead of step a), the pieces were
dip coated in a 2% (ww) colloidal suspension of copper particles in
mneral spirits (obtained from Money Cheni$3l Beel Wadues nd, OH for

30 _seconds. ghese pi re not,Ljinsed but di,at el $E8EF §Clerr] for
15 Y nut es. e sanpﬁvﬁfe hea%%éb-f-éfr] for%ut esi+R23y. D hen
nmetal | i zed agq4descrigdiasttdd in Espgbtér2. [err]igeel Val ues initial
130- 180N d fter t her ma ranp: 70-1 Ndm (O
days agi ng) n%% 130 lgpg“%(%%g days g@??\ﬁ;@%ﬁt Exampl®®s 24-28 Fi 1% of "Kapton®
pol yi m de subBtrate SE1tdes t her Bhpatirged or vaRS coated [ BBp a) of the
above-out |l i nZH processdort Tol®r M 8pdLré¥n coppertiygn fil mand ggen

heat-treate t4500G . for. 2-7.m nyt e After hegt-treatnment, 55 the
textured sugzs?rate \Aqhasp%goéﬁéF cogé‘%girﬁ%i ng spul i ng, vapor?Q:oati ng,

orel ectrol ess plating processes [step c)]. Wen by electroless plating
process, the procesxoNTREL3NPl e 21 was used except with a 2-m nute imer-

sion tine. lgygach t he res&ggp‘% copper I§ er was thi gir},tenough to
e

permt electyolytic deposition o rr] of copper to pro e a
netal | i%ed p%?’i#m d&i8hst rat e, YBBPE €atwhi ch 3P reported ith Table I11.

Theé, 2 Cont rol26-@f Tawne ||| om tPRatsdeps a) andgb). 9 EP @ 408 205 B1
TABLE I'll 90 Peel values (Ndm After [err] EX. Step a)

Step c¢) Example 29 Initial - (1- Day Del ay) 24 Sput ter

Sput t eryg 105 60 10 25 Sput ter

Vapor  Coat  Aroliof "Kapton® 36N polyimide substrate (10 m Ioﬁ% 158m wide) was spuBteted th fokm a 10-nm copper
Pl ati ng thin film. The coatdd’Substrate was then passed th@dghlan electrically hea(@O&dnvechighddven (model
Sputter CWS580F available from Bif#(M Company, Blue Island, IL) af480333 minute residenés [iMé. Théfaiditing

Pl ati ng textured substrate was spufieséli with 100 nm of copper. Pieces £t frobitb RiiDhwére Bhén Glectrolyticallyldiaiea
Sput t erse  with copper to a final tBiBkness of 25 ym, and the resulting Iédthates weidJested. The remalider®f the roll
Vapor Coavwas electroplated with ¢¢pper using a continuous electrolyfic fi@tin@process to aphigye the same total thick-

Pl ati ng ness. 90° Peel Values fo{)continuously plated samples v@rqyampmal@e ot Slightly highprghan tagse for the

" Kapt on" 3otol-piatddppmplescAveraga valups were:10 m | ong x 15 cm wi de) was sputtered to
forma éo-nm copper '

90° Peel Values

Initial 145 N/dm
After 280°C thermal ramp: 90 N/dm (2 days aging)
\/ 0 After Acid Undercut: 130 N/dm

Examples 30-45

Aroll of "Apical” 300 AV polyimide film was sputtered with copper to provide a 10 nm thin film as described
in Example 29, Several different time-temperature profiles were used to texturize the PI film. The resuiting tex-
tured polyimide substrates were subjected to tensile testing using ASTM method D0882-83. The resuits are
shown in Table IV, the last eniry of which shows testing of the original "Apical" polyimide film. From this data,
50 it can be seen that the heat-treatment step b) at preferred times and temperatures does not substantially
change the tensile strength of a polyimide substrate, although there are modest reductions in elongation.
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4hin.film ‘The coated substrate was then passed through an electrically
heat ed convection oven (nodel CWh580F avail able from Bl ue M Conpany, Bl ue
Island, 1L) at [err], 3 nminute resigfgRgsrobigfe- The resulting textured
substrate was sputtered with 100 nm of copper. Pieces cutfromthe roll were
then. el ectrolytically plated 30 w.th copser to a final thickness of 25
[err], and the resulting | am nates ed. The renai nder of the roll
was el ectroplated with copper using a continuous electrolytic plating
process; to achi eygatberémertot al thick- ness. [err]'felygqllevﬁ\-_ggﬁ%{lqr

continuously pl at edseegb s Wwer e eaoABatadhe( 9y slight | yMragianrsy)nan those
for~the batch-pl Temp. saffnes. AvPowgeebal Cessswele: Iowmameb] EPeeksweb ues

| NN al Ex. (°C) (Sec.) 145 NNdm After [err] thermal ranp:
90 NNdm (2_days ing) 40 After_ Acid Undercut:
130 N ggn Ex3 |e§g§o- 45 ZéoAr ol I of %2api cal "6%00 AV p§17§’| m de £Pfm was

sputtered wdth cépPerto ¥bvide a 160nmthind9il mas déscri bedlfd Exanpl e
29. Several 3di ffgggnt tifgptenperatyye profifjes were ygyd to tegguri ze the
Pl film The,res ing tex: tured pqlyimde bstrate re subpected to
tensile tes?iang Ekf’ng ASTM et hod D8g82-83. ﬁe resul tsjsﬁgre shg in Table
1V, thesl asBdent AY0of whi%th shows t88ting of53he origil¥dl " Api 43R"

polyi mi de fggm fggemthisgglata, 50 skt can bgzaseen thatyg he heatyatreat ment

step b) at eferred tinmes, and tenpeLatures es not tanti alkl,y change
the tensil eggtrer“ngﬁh of aé%ol yi m deggubstrat g? althouguﬁtshere g é nodest

reductions BA el 8ABati on.1%5 10 B6 0 408 295 B1 TABIS® |v 5 172
Heat - t Pat mgst 500 23 43 fensile Strmngth Sagp b)
El gpgati on (% (MPascal,g) Tenp. Ti me Dowpugb -
Crossweb %x%?mV‘gBo Cross?/\seb Ex. (‘@rr) g%ec.) 30 169 450 60
62 640 520 317012 184431 489 18672 172 50
49 25 4168 520 1604 32 45@4 3002 172 44 165 41
igg 15 34%@5 2820 470 17, e 458 3 1683 165 172
172 35 4843 §40 45 7 553 B4 17976 16 172 36
485 6@4 540 52 537 35174 170 174 3471 500
17 30 4346 540 P50 %65 §172 20 g8 5@9 23
43 170 176 39 529 IB‘F 179 44
46 169 hon-hejtytpgpted 55( 68 1 %4 45
172 172 25 41 520 14 44 42 172
165 42 E@pples 46-53 17 41 45 165 165 43
540 35 7 53 54 179. 181 44 . 540
12 Pdlyimide film substratas were sputtered v_dl_bygopper as de dgvdixamplg@? excepgqi rious thi
6 nessesofthe depositedthin filmofcopperfﬁ?ch was texturized at 450°C for 3 minutes except that Examples
52 and 53 were texturized at 450°C for 8 minutes. Each of the resulting textured polyimide substrates was met-
allized as in Example 2, and the resulting laminates were tested as reported in Table V.
s
TABLE V
90° Peel values (N/dm)
45 Ave, Cu _ After
Ex. Thickness (nm) Initial (5~Days Delay)
46 3 110 70
50 47 7 130 90
48 10 140 - 80
49 14 140 80
50 18 110 30
56 : 51 22 110 30
52 18 110 70
53 22 110 90

11



non- heat - t r eat ed 68 71 172 179 Exanpl es 46-53
35 Polyimde filmsubstrates were sputtered with copper as described in
Exanpl e .29 except at various thickgpgasssaef the deposited thin film of
copper. Each was texturi zed at [err] for 3 m nut es except that Exanpl es 52
and 53 wer text

d at r esu
el s
Lesulting B 4{# agg"aveer at'aei?% taaefigﬂ% ?f'éea g rrset’rgt’v't‘stﬁ%r

Peel Val ues rr') 45 Ave

After [er " Exa 54T$b' ckness (nn') I nitial (5-Days Del ay) 46

3 s res 70 47 7 130
90 50 48 Table VI ll&@a number of polyimide film subsfhsles that have been texturizét aftébeing sputtered as'iff
140 Example 29 orftibtindides using two pasl& (one for each side of the webﬁh%ugh a vacuum sputtering

51 10 parafus. Each substrate was then texthfiZdd in a single pass through th@ héa€ treating furnace (468°C, 3-min-
110 ute dwell time). Haclitéxtured substrate wasthen metallized on both sides wkfl 8first-sputtered 100-nm copjtd

EP 0 408 2&yer &l aBandletearolpticallyplated 25/us bappsr Idylraetallizafinn oktth teitired surfades ehuieet al
requires | twogasesiemtfomegehside bitbe web) by the chatimiepracesses describéd imExkmale 28, Norside-to-

W th a netsde differepcesiwaretobseneda desired resi stance to del am nation after
exposurt® to high tenperature. 5 Exanples 54-60 Table VI |ists a nunber of
polyimide filmsubstrates that have been texturized after being sputtered
as in Exanple 29 on both sides using two passes (one for each side of the
web) through a vacuum sputtering ap- 10 paratus. Each substrate was then
texturized in a single pass through the heat-treating furnace [err] 3-m n-
ute gwéf | time). Each textured substrate was then netallized on both sides
wittf a first-sputtered 1 00-nm copper |ayer and a second el ectrol ytically
plated 25 [err] copper |ayer. Metallization of both textured surfaces
required two passes (one for each side of the web) by the continuous
processgs described In Exanple 29. No side-to- side differences were
observed. 15 20 25 30 35 40 45 50 55 12

30

35

55

12



£EP 0408 205 B1 5 [err] [err] 10 15 [err] [err] [err] 20 > [err] [err] 30

[err] 35 40 [err] 50 [err] 55

Exanple 61 To a rol

of "Kapton" 300V

pol yi m de substrate (10mlong X 1 ppoguyd@sBiwas applied a thin film of

copper as in step a) of Exanple 1 but

in a continuous process line. The

coated substrate was then passed through an electrically heated convection
oven at 450C, 3 mnutes residgnce tine. The resulting textured substrate 13

EP 0 408 205 81 was then platgd with
Exanpl ¢ 2 but in a continuous jproges
area) was cut fromthe roll and onew
etched off with nitric acid and t
Af et exposing the masked surflace ¢ §
copper was el ectroplated onto |t heiB
12.5[ens]. After another day dryi mg™

Bl was ke daWist hn d@i @i zed wat er

copper as described in step c) of

5 line. A piece (15cmlong x 13cm w de
bur f ace was masked whil e the copper was
5

| WS By v® Hayd drying in the air,
mai ni ng copper layer to a thickness of
n air, a negative photoresist was

| am nated to the copper and eqposed to UV radiation through a mask. After

devel oping to renove the un- _gxposed
etched away, and then the reri ni ng—~
a sharp pattern of electricalNjy con®

-phot oresi st, the exposed copper was

bhot or esi st was stripped off. This left
icti ve strips of copper having w dths
Exanpl e Pol yi m de
" Kapt on" 100H 63
R 3 EppiE J08N

80

95
105
105
135
105
115

from0M to 0.5mm 10 Exanpl &2- 6B
Substrate 15 62 w @g°
"Kapton" 100V 64 gl 99¢g
-t - 0o
) LoD
Pl 85
2 'n-'» 0 <G~
" 2
]
° (& )
; (=] o Q
o ga
% e N w
| Dy
2 -
X =)
& FY Ry
- o
o~
30
=]
m
|
3
35 ‘e
-
. 40
:\‘—(’l
Q
o
ord
b
4 g
Lo W]
o O
Lo O
50
%
2]
56  Example 61

90
125
125
130
135

B

30
135

100AV
300av

"Kapton" 300HN
“"Kapton" S500HN
"Kapton" 300V
"Rapton" 200VN
"Kapton" 200H

“"APICAL"

"APICAL"

54
55
56
57
58
59
60

To a-roll of "Kapton” 300V polyimide substrate (10m long x 15¢m wide) was applied a thin film of copper
as in step a) of Example 1 but in a continuous process line. The coated substrate was then passed through
an electrically heated convection oven at 450°C, 3 minutes residence time. The resulting textured subsirate

13



65 - ‘ ' "Apical" 300AV A piece of each was textured as
described in Exanple 1 and then efched for 10 m nutes in 50% (v/v) aqueous
solution of nitric acid to renove the copper oxide clusters. Each was then
| ami nated to a copper foil by firER02BB208B84ti ng onto the textured substrate
a tayer of ‘thernpsetting epoxy resin having a thickness of 13 [err] and

t hen cur wagthbhgatedWkinedpperial déscitiaa intsteplt) af BxEBmié 2 5@ iPd cdnfiiubls frétessding Alidte

f ol | owed (185m BngOEcmavide@rsapeds icttdrom 1wl réll addl ofedinidce ivas makkdtiauhile thd Eoppérwas étéHed

[ err] Peeffwittahitie adidand¢leniwastied itk delonizadwatet es was wi t hin the range of

140- 160 N after dxpusing dingreaskexicarfade falipwralibe Swo dayedrtegie theair,icbmpecwayeleciropiated ot

USi ng unthexeruainingedPRso layeritd 2thickrelss ofr12Sem. AfEnarethoudsy doingjieaitas negetivephdteresist had
an | niti whslpmipated tPé'@IGORP&TWBWOFﬁMUYWé'aMNg@QbF"Gﬂtﬁf@fwvelmiﬂmfem%ﬁ theut, A
met hod of*PRERdiPhSIPTARStdhe exaesed coprer wag piehrd@way, and then the rneleingnhniotepistiwas stipped
enhance piidhis ipffacsharm pefternof glagtrigallyseonductive sirigs of corper hayjag widths o1 OIS net hod
conprftsi %ﬁl} ggquentlal steps of: a) depositing onto at |east one surface
of a polg 86¢8hstrate a thin film of nmetal, b) heating the polyimde
substrate and deposited netal in air at a terrperature of at least [err] and
for a time sufficienExampteiuse the net alPolyifmbden Substirabe de cl usters at
said gurface and to texturize that surface by produci ng asperities that are
at least 0.05 [err] in 62Verage hei ght and,,g dtJ;l 2. The net hod as
defined in Caim1l where| n step b) involve a tenperature of
from[err]. 3. The net®dd as defined in aﬂyapten'eoﬁw cl ai mwherein the
thin filmis depositeds4n step a) by a teecRapeosr SEd®Rai ed from vapor
deposmtion, sputteringggdip coating in a Q%ﬁ%gal ensi on, and

el ectrol ess deposi- 45 tion. 4. The od as ef| ned I n any
preceding clai mwherein the metal depositedin step a) |s copper. 5. The
met hod aé pidesfdf pach wantegirpd pe deaeartipdin Exdmpierth anik thee ptehed for t0 minutest in 3Q%e(vivaqueous

met al | i zeQutipypfinidg acidd 9 g corner oxidg dusiers. eﬁaclsw@psend#m'@? B sanpes; felbydirt o
sai d Zur rorting oale the textyreq substiaie adayathf ermasetingenexy st ihaying:a thiglnessf 13 nm and then

el ect ropF“a'f'!PW 'aafvaewbadteﬁ'%avtr 'Eﬁﬁﬁﬂ‘&ﬁﬁf‘?fé hofcs fa'f°wewra PPﬁé“’%’Eﬁﬂ‘ © 6°°°°
pr oduce Q ?coITf’?rs@ﬂ ) es‘fﬂ“& '§ ﬂlﬂhasteéam'?)at”'l"ﬁéwlﬁ'ﬁz 5 lm é;{fe

5 wher ei E? Fiuch com%acgir naldl %@eﬁgﬁi ﬁQ&ﬁMey hin ﬁ%‘an?;re gﬂéﬁ ere 55

from gpu CLroIesS Qepositron as defined In

any . one of cI ainms 5 and 6 wherein the metal deposited in each of steps c). ...

and d) |gpppper. 14 EP 0 408 205 Bl was then plated with copper as
described I1n step c) of Exanple 2 but in a continuous process line. A piece
(1 5cm | @NOA hethd§ SPnWidfifng Bask oesBrisdd lof 4 polyithilid Ribdtalelto WEhcO TR adibsioR 6% N
masked whi | igydr banst @RS, sia fe@ibd Eipristhg th¥\kdqlentiislepsoraci d and t hen washed

W t h dei oni ze§ldepasing.ontd at least ondfstiddce 0K RBAnkIEH substrateBIMECOmEmétalce f ol | owed by -
two days dr yibhheatify thé golyiiniie subsiptedndiasositddansital biziirat £ Bmperatore ohat Idast 880°Ci and)
copper | ayer féra tinetshificimds sausd thp eeta] toAdrinameta axidsiustotiay sakd surfacp and tatextyrize,
negati ve phottisat egfase bwm@ublmsnerthedhat@retd’qbaﬂ@ppw incaveragadppigbiand b@atuv

radi a@i on throug.I a mask. After devel oping to-remve the un- § %0

phot or esPst Theieliod gpdatined in Gipimd wharsin sigp R)jvtives heging %iﬂf?’"?ﬂéﬂ"’f"rf‘é’ Pre? 3078
phot or esk St Rsutil b Bk iR Edy prebbting claff WheFeirtRGMhIA tRAL lidpbdie@h steh HBY b tebiHi ¥

conducti ve t : Ny
62- 65 Exanpff;rdeemm'a&pm%‘mh%\“1@9%9"@*? bing i & B sdsperdion, 4l o . of

4, The method as defined in any preceding claim wherein the metal deposited in step a) is copper.

5. The method as defined in any preceding claim wherein said substrate is metallized further comprising
the sequential steps of
¢) depositing onto said surface an electrically-conductive metal sublayer; and
d) electroplating an electrically conductive metal over the sublayer to produce a metallized polyimide
substrate.

50

6. The method as defined in claim 5 wherein the sublayer is deposited in step c) by a techmque selected
§5 from sputtering and electroless deposition.

7. The method as defined in any one of claims 5 and 6 wherein the metal deposited in each of steps ¢) and -
d) is copper. .
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’15 62

" Kapt-on" 100H 63
Kapton" | OOV 64 "Kapt on" 200VN 20
65 Ap| cal gp o 30A¥B\Pi ece of each was textured as

descri bed in. Exarrpl el and t hen etched for
sol uti on of nltr th to rermvie L
| ani nat ed ‘fg‘g £HPP 35\7°% ‘?eg

I “"’% sy

a |layer of

then cyy h&m &r#&&%

foll owed xe ys.f“gt

[ exr] Peel egiotﬁ pé? d Fo§§d

N dm For a HofoRd3ist, th8 BkpasdRSppdfile eldRdd

unt ext uri Z&rdrm i b BaftEpatidth st lefian
initialp[err] Peel Value wthin t¥1

met hod of sxaslplésys2rey at
enhance the adhesion of a metal 35
conpri sing the sequentgah,skeps of:
of a polyimde substrat g

substrd¥e and deposited netal

cordeliveSH
e range of 50-70 Vdm 30 Cains 1. A

| east one surface of a polyimde substrate to

thin film of
in air at a tenperature of at

10 minutes in 50% (v/v) aqueous

r e clusters. Eac S
Sﬁ%ﬁﬂrﬁwgw il B
it %i:trﬁg:w@.,grgf;:

amaafar.&ﬁmxm aWaLy Aﬁbr opif 15 fermidVe théhin- 160

Gawhy) akd tRenIRSBMYIRNG ShooRBIEt was stfished
of GOSBRAaRhd W‘@chif?d?ﬂ abod.saad an

| ayer to that surface, said nmethod
fe | east one surface
qi?‘m@? % |%g % he pol yi m de
| east [err] and

a) depy

for a time sufficient té2cause the metal tOKapton®ei@dy oxide clusters at
said surface and to texjgyrize that surfaceuw du asperities that are
at least 0.05 pmin average hei ght and brea?xﬁ%ﬁ jEMwThe met hod as

defl ned in Gaim1l wher&n step b) invol ves FABREPAN2 RV, tenperature of
th r] 3. The nethé8 as defined in anyapieakti 3gpayt ai m wherein the
filmis deposited in step a) by a technique selected from vapor

deDOS't'O“ Urtetaﬁm Qextufl bl Ekdinge b tiZh Sdlled For TRGRREAR Il

el ect ol ecaped st dédr}eng%:ﬂ% aFS eémbefwsfffa Rod 5 %waﬂ e fi?étm
wher ei ng t r&atmss th Rl bR didla Y8l tatmbsStin ARRE hosin avv%hl% g fremed
i n any presfytidarmihad il Wadd lafin prassht fetrbr2hbis fofowdB by @6h aWigt 0f200°C

conpr i si NGrod Rus AR 908 Ped VAR Tor@hchPthese laminatés)wad @426 ihe rdhfle 6711160 N/din,
surface an eF&Gbmpafisdn) HMBREEWES indd® iNTHE SdmewHl eRAPT using rftextliizell polyimide BLRtrately an
el ect ri cal Edgh aueh Cpiatative lditiabd ha@ weinitial 196> PeeiDlaiiy @fthid he pangaiuf 6@ 7@NMm®E al | | zed
pol yi msde substrate. 6. The nmethod as defined In claim5 wherein the

subl ayer is deposited in step ¢c) by a techni que sel ected 55 from
sputterincClamm$ el ectrol ess deposition. 7. The nmethod as defined In any one
of clains 5 and 6 wherein the netal deposited in each of steps c? and d) Is
copper. 141 Amethod of modifying &t lepst prejspuface of a ojyimide substygie tpenhenge Stpzdimpiop of a metal

pol yi mi*¥e shé%’P”BFhaH“Ff?ﬁehs&!Fl %@W@&Eﬂthsﬁ@"f'@ﬂﬁm%‘d surface obt ai nabl e by

#rdge
(a3 T B el strmagf giﬁ vy @f%afaf?gst@csm
a% |na aﬁ I gﬂ fdt 8)8“

;@! t
[err] in avera rgt qu%c%le e“duc asperi
claiym §,sai d shee ¥ PPRu 'n di'scre e rret es part

or conpl etgl yrnem&ﬁddaademrea i crammaleaﬁraeb b)tmversesa«eéim ataienlaaaearohmmeov&wm&p es
of the valleys be- tween the asperities, while being sufficiently close to

t hose sur f3cdbe methprkasdefingil inpny reepedingsiaim whereithejthinifim is deposited in step a) by a technique

selected from vapor deposition, sputtenng, dip coating in a colloidal suspension, and electroless deposi-
45 tion.
The method as defined in any preceding claim wherein the metal deposited in step a) is copper.

5. The method as defined in any preceding claim wherein said substrate is metallized further comprising
the sequential steps of

%0 ¢) depositing onto said surface an electrically-conductive metal sublayer; and
d) electroplating an elecfrically conductive metal over the sublayer to produce a metallized polyimide
substrate,
6. The method as defined in claim 5 wherein the sublayer is deposited in step c) by a technique selected
55 from sputtering and electroless deposition.

7. The method as defined in any one of claims 5 and 6 wherein the metal deposited in each of steps ¢) and
d) is copper.
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ssol uti on. 10 10. A conposite obtainable by the nmethod according to any one
of clainse 1 to 7 wherein a |ayer of copper that does not exceed 40 [err] in
thickness is in direct contact W tlgpd489de¥igqi de substrate, which |am nate
affords a [err] "Peel Val ue of at Ieast 80 N dm when measured one day after
t hermal r *10, 280C r||c ver Q%IIZ

S f) \i e
m ndest ens ell}‘ﬁé’ f'? Sﬁg" %‘1 ﬁ% ﬁge atﬁe %‘ %?og ﬁkn%yg‘%m'ggﬁ ﬁ"g’oger

Adhi sl on ei n l'," 'Egmgf
auf ei napderfo g'% dtehn a) auf m ndestens ei ne Qoerfl ache

ei nes Pol ys.m nl»s wﬁhﬂamewr filch o8 uémeai'h biaites dxfatsRdet GrGiln Ktihg isdrgehméta@ritle paPticlesl as
Polyi m dsubstpasialiyon Gontbhstelyodiibgddet aiitmnthe Mileftles amigist Béhedt tidairfdcad df tieOlalRygbe- auf
ei imer Tenper aiveen theasperitiexeisle bsiny stffidiefdy gedead these, sudk¥iBo darmadifp temlolaba b adtbdis-
Qber fl ache Msolatidnoxi dhaufen bil det und die Ooberflache derart texturiert
wrd, dag Aufrauhungen mt el ner durchschnittlichen Hohe und Breite von

et R e e i o
1, d |l i W) 1] S d
L e o otV gt e e R o o Y e o o, 2)

di e dunne Schi cht nach ei nem Verfahren aufgetragen wird, das aus dem
Auf darrrifenpa“ &;ﬁgt rn, Tauchfuberzl ehen in einem Suspen- sionskol |l oid und
ni cht el ektrisc tragen ausgewahit let. 30 4. Verfahren nach ei nem der

vor her gehepdgp HM3Gitizidrbh Fifdls @s’%ide%uiﬁf%ﬁeteheé&omrm&%étéé%&ﬁs erunfUP-
fer iSt. 5  \RFAMBEG!biddPMCaRLAURIEnSer OBLRBANR] SFGBHIBH aufdiuRderoigéhden Schigil ZUM
Met al I'i sl eren Qfaﬁ mihtastbhsing Of:&hﬂﬁé‘gﬁ‘es;a’élylmldsubsmwdfeih@d(f&ﬁ@lh&él@émﬂ@ufgetragen.
durchgéfiihrt vpfeseslyim@gubsti und des ARBRIBIeMEEN VeidbdHURr Liftbélarge BE oRbrTihgerei h

| etAf ahi ge Unt @insfildestais 3501 SC @8haIeR) dak akd métsicdor dee Dberfidchdimgaiioxifaimh bildet und die
auf get ragen, upderfijcha derarbextariscasid, @agmsraihehgeh miteinarduehschdttighenHoliwlnd Biaitd von
wrd auf die UnIndemnhD.OhMukehntemlgakildetimdanI eitfa- higes Metall

el ektrgpyti sch auf getragen. Ver f ahren nach Anspruch 5,

Uit 6 Soht ch Sereenieph gt Ao SRR e Ry o1 %Pﬁé’ﬁ 5@5'? B itz

dam Auf spu§ t %ﬁalﬂ&qﬁ i el%‘. gn&:&&@%ﬂgﬁ iche, ntdgrﬁu%%‘& .ﬂg f hicﬁt achlinem
Verfahren na n, e&iéhg §uspen—
Schritte c) ug s télmafenﬁﬁftragen au é’l\ Kup er I st

Pol yi msdbl at t oder Fel nfo le mt mndestens. el ner texturi erten Qoer f | ache,
di e nach dem Véealireimacheineaciar vethagahetidan Ausprivhs, ihalam dakcin Sétmigt py dofgbteageneMatal diya r

| st, gekannzeerdtnet durch Aufrauhungen mit eaner durchschnitlichen Héhe von
0, 05 bis 0,5 Mkronetern und ei ner durchschnifflichen Breite von 0,05 bis

0.5 M kro n¥t %ﬁqrj%*; ":;W@ A °!9P'E°“6?!‘e‘\"sﬂﬂéth’rf"bqer"é“'ﬂé('@ﬁ"‘%\?f%’b‘faﬁ§1‘P58“ Pleendem
di skret® Me "
ol I'stai ndi rggrz'?f A PR e iy aase'ﬁ"efw%ﬁﬂh"*‘&en

vol | staindig e en tal auf
Auf r auhungen V % ein .%5 i RSJ péy.mﬁs%bs%ag‘\%}gd 20 glﬁt@l%amh?{]n SRl
angeor dnet SII’I ﬁ ner saur e res en ernt
wer den Jgonnen. er un s der nach dam Verfahren nach el nem
dexAnspr Cche \Ierfhiré‘n nActisprueh 5, b aém aisUntumhchtmn Sehit € adivh elkbip V@ fafieh aldetrageh ird,

ei ner Di cke wiasaldsGiehusmaterh@nddidar rostitatektristhen Auftedgereausgeaipiisti dsubst rat  di r ekt
In Berflh-_rung steht, wobel der Schichtkorper bei el ner I\/Essun el nen Tag

nach el nenf-al ‘feffﬁﬂﬁ?'l ReR pinem} g foserfichn § und s, ip dpr fasnjedemder Sehitte ) yndid) pyfgerpgers :

C L 4M Metall Kupfer ist.

8. Polyimidblatt oder Feinfolie mit mindestens einer texturierten Oberfiiche, die nach dem Verfahren nach
einem der vorhergehenden Anspriiche ausbildbar ist, gekannzeichnet durch Aufrauhungen mit einer
durchschnitlichen Hhe von 0,05 bis 0,5 Mikrometern und einer durchschnittlichen Breite von 0,05 bis
0,5 Mikrometern.

9. - Polyimidblatt oder Feinfolie nach Anspruch 8, in dem diskrete Metalloxidteiichen in den Aufrauhungen teil-
welse oder vollstindig eingebettet oder knapp unter den Oberfl&ichen der zwischen den Aufrauhungen
vorhandenen Téler, aber so nahe bei den genannten Oberfléchen angeordnet sind, daf} sie durch L&sen

o5 in einer Sdure ohne weiteres entfernt werden kénnen.

10. Verbundstoff, der nach dem Verfahren nach einem der Anspriiche 1 bis 7 herstellbar ist und in dem eine
Kupferschicht mit einer Dicke von hchstens 40 Mikrometern mit einem Polyimidsubstrat direkt in Berilh-
rung steht, wobei der Schichtkdrper bei einer Messung einen Tag nach einem allm&hlichen Erhitzen auf

A
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 EP04068205B1 280 C el ne 900- Schi | festlgkelt von m ndestens 80 Nldmhat. 5
Rovendlications 1. Procbd6 de nodification d au nmoins une surface d' un
substrat de polyi m de pour accrol t gpglsos4ta@rence d' une couche de mtal a
cette surface, ledit procedb conprenant | es btapes successives de: a) dbpot
sur au noi ns ne su n substrat de polylmde d une mnce pellicule
de mtal, 2%0 Ce'"e%))'% q"&'@‘é’"mdgﬂﬁﬁﬁpgfdﬂ'é'abol yim de etdu nbtal d6pos6
dans |"air A une tenpbrature d' au noins 350C et pendant une duree
sufflsapte F'? ser le nbtal a former des anas d' oxyde m-tallique A
ladite sur ace e exturiser cette surface en produi santdes asp6rit6sd' une

haut eur et dj Ungodsad diRYtOR B85 minéithe ¥Rirdts adn Substit B8 polyRnidepour 48 Plindréce U0
defTni dans | funb 8NRAFHe k! B Botth sEHHES, 16 Bk bonfPhenBif 1ed btabdd Thicedfes d: chaut T age
A une torn- pe&ﬁdéb&t@ur%ﬁ%fnbﬁﬁsﬁﬂﬁc&@uﬁ Sratlie d'uvAe minbd SUMBEISdd hdtal U0
dbfini sglans | pyifadigd i@ deiRpinid\educHal dsPebd déhs PARURSERSrAARESad riiie850°C 2
m nce pel - | i cef pendntund Gpesdffisaidisoul podisaile mathl §Tormetidee ain@Cd U dpurstaniged Hladite
parm | e d6pot sefacgdteatariserdotd surfade@n frodujsant Hesaspéni@Od'une hautéueettiand |arp@iNinoys Arfes

| mrer si on dans demmoisagsamsi on col | oidale et e dbpQ non el ectrol ytique. 4.
Procede tel qpo ddfini dans |I'une quel conque des revendi cati ons pr6cedentes
dans | eque? 170594 g} qup défigidansia rfyend'cettoaﬂéa'&)leqeﬂi étang byepmpread unchayftage-3,ing tamys |
que dbfini ddivEMre pRErSs AT R a4AEs revend| cations precedentes dans |equel

edi{ subsir s ey leblhf ok s R 0 g ot
successi ves éﬁfé §f S ki géie s T s eurrix.@jct'ale.:,

conductrice ént) a'i-ln{?ﬁe'i's@nd snﬂﬁ‘éﬁ@i @o\l&&‘a‘ier &R leYdsp ot Héh, efbctrdiytibfel @
conductzg:ur de I eI ectrl cit sur |la sous-couche pour produire un subs- trat

de\gol yi m 4le Rrodédd tellqeddéfid @ans Bine Ruetrotopie désedvenglivationippriscédentimdansheguel lewéiattiépast i on
5 dans quueldahsalésaoels)-esmlghee-est dbposee dans |'etape c) par une technique
choi sl e parm goroj ection et |l e depot non el ectrol Procedb tel

o Gty h . Oprecd bl %q"als qp%vféwwemgwédeq%s@awwen'@aa@sw
m-tal dbposb GHREAIERLENRE aqa eém 'ﬁ{;ﬁé{ c‘g etpé re 3 6. Feuille
c@rr 6 g:?’ %e OUS~C uclllre (ﬁurL ;mOsQJbQOUt

ou pellicule d) A

obtenir par ?ﬁ % con ue es reven

pr ecbdent es, carac e par des asprdtes qul ont une hau- tour noyenne de
0, 05 A 30, Se.i rAi6066d tel i@ dbfinl @Ms!la réM@didatich StRndieqlipl 14\sdlis RoychdTast déposés dansfFeidpd d) e
ou pel li cul e peunetdchiniqie dRoidieccdak el |picledtibif 6t Rl ddpdl asrssldemolytiquecndi cation 8, ladite
feuille ou pellicule ayant des particul es d' oxyde ndtallique discretes
parti el | enkntPrepddételpe difinidansurafuelennaue danrqrentipationshobf danploqust Ip mételdéposé dans

en- des:a(a)us derhponedre Piees QYeis) eRhleIBe: sit ubes entre les aspbritbs, tout en
bt ant ff S ede a un r eu O
8. aﬁ% Eu& d 82ﬁt19§ fitat mol 5 @ 9?«98&%69%&4‘(91:{ Ghlofi ﬁn&fﬁs TRLJ

faci |l enent p Io sde

par | e proc ﬁ.@ ?n%anﬁ

quel une couc e cw vr e qui n' exce e pas 40 gm d bpal sseur est en cont act

di rect @v e, (Rauilddiqelialle ddqolgimidg telle Gu2, défineddahs 12 revaidichtion 8(jadita fedille oLy@livigd yat de

Peet’ A 900 d'dasipartiiules d'8déunétatiidue Hisgetesrartisiizmentou domglisementgvabsesalatiie dspinitéd e

| a t enper at uretjuste 8@Esoub Ge 1§ Burface des vallées situdes entre les aspérités, tout en étant suffisamment pro- -
che de ces surfaces pour pouvoir tre enlevée facilement par dissolution & I'acide.

10. Composite que I'on peut obtenir par le procédé selon 'une quelconque des revendications 1 2 7 dans le-

45 quel une couche de cuivre qui n’excéde pas 40 um d'épaisseur est en contact direct avec un substrat de
polyimide, ledit stratifi® donnant une valeur de Peel & 90° d’au moins 80 N/dm lorsqu’on mesure un jour
aprés élévation de la température a 280°C,
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