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A further method, for which a catalyst precursor is deposited, is
described in U.S. Patent No. US-A-5 153 023. According to that document,
selective metallising is achieved by locally heating those zones where it is

desired to attach the catalyst and rinsing the piece to dissolve the precursor in
the places where metallising is not desired.

An earlier sandwich moulding technology is described in British Patent
No. GB-A-1 254 308. According to this document two materials are used, one
of which being suitable for metallising, the other not. The composite article is
then treated by a metallising process including a chemical etching stage of the
item’s surface, a treatment stage, then a stage in which an electrochemical
catalyst is deposited.

Typically, chemical techniques exist for cleaning, sensitising and
activating a surface to be coated. Immersion processes are implemented in
specific baths in order to affix palladium seed crystals to the surface. These
conventional techniques may be summarised as follows: a surface preparation
stage, including cleaning and stripping, is followed by adsorption of a catalyst
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suffici er}telrr}/pe?g uggd'technical plastics, particularly those used in connection
applications, such as LCP, PPS and PBT, are considered to be incapable of
being metallised by the conventional wet chemical methods described in the
aforegoing. This severely limits the possibilities for opportunities for taking

25 advantage of the characteristics of these polymers on an industrial scale. Some
grades of these plastics contain very specific additives (compounding) to render
them suitable for metallising by chemical means but this degrades their
mechanical performance and dielectric properties. As a result, they become
unsuitable for use in connection.

30 The disadvantages of these procedures are therefore the slowness of
the chemical processes, the number of stages required, the use of costly and
polluting colloidal solutions of palladium, the impossibility of metallising high
temperature technical plastics, the roughness created at the site of the
metallised part and the risks of peeling in the case of a smooth surface. In fact,

35 in these cases the metallisation is a result of mechanical adhesion, and is not
sufficiently bonded.
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and QonnegikohsnispisasM. CCHARBONNIER, M. ALAMI and M. ROMAND:; Journal of
applied electrochemistry, April 1998, Volume 28, N°4, paged 449-453, D4,
“Plasma Treatment Process for Palladium Chemisorption onto Polymers before
Electroless Deposition”, Charbonnier, M.; Alami, M.; Romand, M., Journal of the
electrochemical society, 1996, Vol. 143, no. 2, pp. 472 - 480, DS.

25 However, while it is true that the first document D1 does conceive of
such a treatment for polymers in general, yet it describes as a practical
example only amorphous polystyrene, polycarbonate and polyamide whose
support qualities in the electronics domain are of little interest because of their
temperature limits and the high rate of water absorption of the polyamide.

30 The second, third and fourth documents, D2, D3 and D4, provide an
account only of the details for the treatment of polycarbonates and the
mechanisms thereof. These materials are not significant in the field of
electronics and components because of their mediocre qualities in terms of
thermal resilience, electrical insulation, industrial workability, and mechanical

35  suitability.

In contrast, in the field of electronic circuits and connectors, plastic
materials with high thermal resilience are preferred, of the semi-crystalline
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plasma process is the use by the authors of documents D1 to D5 of a particular
type of laboratory nickel-plating bath, which only operates at temperatures
above 85°C, has an acidic pH, and decomposes systematically, as they
indicate particularly in document D4. This significantly limits the choice of

25 metallising baths and does not allow of operation on an industrial scale.

Moreover, metallising experiments carried out in the laboratory on the
high temperature polymer materials noted previously with plasma activation
methods, particularly the method described in documents D1 to D5, yield poor
or at the very least inconsistent metallising results. Use of industrial metallising

30 baths with the activation plasma described in these same documents does not
allow of any metallising on high temperature plastics or on the low temperature
plastics described in these same documents. From these findings, it is
generally accepted these technical plastic materials do not lend themselves to
metallisation by these plasmas.

35 An even more discouraging effect with regard to metallising high
temperature plastic materials is the fact that these materials are generally filled
with additives (fillers and compounds), such as fibreglass for example, which
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Then we turned our attention to eliminating the need for priming, and we
then found that the temperature of the baths had to be monitored more closely.
We thus discovered that the metallising baths, which according to the prior art
were heated to 85°C, had to have a temperature between 50°C and 70°C,

25 preferably between 55°C and 65°C.

In order to control this temperature better during metallising, we
specifically chose very large baths relative to the volume of articles to be
treated, so that the immersion of these articles in the bath would not affect its
temperature too much. Another solution from this point of view might consist in

30 preheating the items to be treated.

According to the invention, and in order to further improve metallisation
without recourse to priming, and to better activate the high temperature
technical materials, we mixed an inert, noble gas such as neon, helium or argon
with the gas used for the plasma (N2 or NH3). The inert gas is added in a

35 proportion of 0.1 to 6 % by volume which increases the dissociation of the
nitrogen and/or the ammonia or mixtures thereof in reactive compounds of 7 to
8 % into free radicals and excited ionic or atomic moieties.
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process and accordlng to the refinement of the invention.

Moreover, the plasma etching process may be controlled so as to enable

selective metallisation on an item formed from two different plastic support

25 media, without an activation stage between the two moulding stages. In effect,

by virtue of this selective metallisation, it is possible to provide for the activation

of one part of an article, to glue or remould another, unactivated part of the

article onto this activated part, and then to metallise the whole, such that the

metallisation only takes place on the prepared part (as indicated in U.S. Patent

30 No. US-A-5 407 622). Thus the need for an engraving operation would be

dispensed with. However, this technique, which includes manipulation of an

activated part, may entail local deactivation of this activated part during the

gluing or remoulding of the unactivated part, particularly in the presence of
pollutants and contaminants such as greases and oils.

35 According to the invention, this problem was solved in that the gluing or

remoulding of the two parts was carried out before the activation, but using

different plastic materials for these different parts. Then, at the time of the
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eh et e, on BBl R AR AR Bl BB bss PRl o
article made from high temperature polymer plastic material including the steps
of cleaning, plasma etching, grafting, and then metallising by immersion in a
metallisation bath, such that the metallisation bath is previously primed.

25 Another object of the invention is a process for metallising an article
made from high temperature polymer plastic material including the steps of
cleaning, plasma etching, grafting, and then metallising by immersion in a
metallisation bath, for which the article includes parts made from different
plastic materials, and such that the operating conditions of these steps are

30 regulated so that the grafting and then the metallising are effective on one of
these parts and not on the other.

The main object of the invention is a plastic piece at least partially coated
with a metallic deposit including a first, non-metallised plastic material,
- a second plastic material at least partially coated by the metallic

35 deposit, the metallic deposit includes attachment sites including nitrogenous
and palladium moieties at the interface with the second material, includes a first
layer called the initial layer having a first thickness, includes at least a second



with a netallic deposit including a first, non-netallised plastic material,
- a second plastic material at |east partially coated by the netallic
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ni trogenous and palladiumnoieties at the interface with the second
material, includes a first layer called the initial |ayer having a first
thi ckness, includes at |east a second_ ¥ 03/104526 PCI/EPO3/50217 [ayer
called the external |ayer having a second thickness, the first and second
plastic materials having no netallic or catalytic charges. Still in
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materials SPS, LCP, PBT, PPS and their various catalytically uncharged
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/ ; / : / , / . Th | 1 ti
Creatod BJVBPESAERENEE P SHRBDE, 1 Sii7ipf thE HaM AhRhn s BRh i, et
The ﬂlfﬁi ctm_etsﬁatrb’rhgtdwiﬁgwatdhamid:a;c;bposﬂy)nsstage subsanaenttiodkaaessnarkicn &f ;1)m5and
a : | .
Lﬁ]ac tﬂb%é'@éfh fﬁe %u%ﬁgp&% l?/alﬂdt\é%trﬁgt?\glﬁﬁh%}] Eé‘;fg‘ﬁ'%%”oﬂgﬁar%f%@ﬁ%

t he ext'ernal [ayer era aving a thic et we m and 30
m The pikdeglia@@RdAldg to the invention is such that the adhesive force of

the deposit omddirdmRcentemhasiton, e fist ahdisecah8ahSteribltamal b dRtsednd
espect al L NG, adueslys, T QEEe PLrt NBePBRY 2 RS STGanSh RLAShkCalRt i &
20 uncharged grades. After treatment, the first and second plastic materials may
form a non-metallisable/metallisable pair selected from LCP/SPS; PBT/LCP;
PBT/SPS; PPS/LCP; PPS/SPS; PBT/SPS.
The external layer may particularly be created by electrochemical
deposition of a metal such as copper or nickel.
25 The thickness of the initial layer may start from a thickness of 0.3 ym and
reach a thickness of 20 um, but is advantageously between 0.3 um and 1.5 um,
the external layer preferably having a thickness between 4 pm and 30 pm.
The piece according to the invention is such that the adhesive force of
the deposit on the second plastic material is greater than 1 N/mm? and
30 especially the adhesive force of the deposit on the second plastic material may
be greater than 2 N/mm?.
Still in accordance with the invention, the surface of the second material
after the deposit is stripped off displays a spectral analysis provided at least
with peaks corresponding to nitrogen moieties, peaks corresponding to
35 palladium moieties, and presents an offset of the peaks corresponding to the
palladium moieties specific to PdN, bonds.
The invention will be better understood with reference to the following



Still in accordance with the invention, the surface of the second materi al
after the deposit is stripped off displays a spectral anal ysis provided at

| east Wi Wwip o3aads36 corresponding to nitrogen noieties, pealkETmms/sepondi Ng
to palladium noi eties, and presents an offset of the peaks corresponding to
the palladiumnoieties specific to PANX bonds. The invention wll be
better understood with reference to thg _follow ng WO 03/104526

PCT/ EP0O3/ 50217 description and the figures that are attached thereto.
These are presented purely for exenplary purposes and are in no way
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and 2c: dr accor I nvention for e nmoul di ng
activati digusesagbew: Figure 3: a detail view of the part according to figures

2A, 2B, 2C after I @ﬂe‘i:St%iéQ)b]ut'ronFéfQHé%n‘éDr?)apbﬁﬂbﬁ%#rt‘ﬁé‘%bfhrhcﬂfbléth@f XPS
spectrumof the plastic netal interface surface of a part according to the

i_nven@i orPalledylin &d5: a first detail of the representation of figure 4; -
Figure 6: a second Righmisl 2af 2bhand u: eserixaliple off afpagrurazcdidifg gorthe’: a
statistical redg_lrcfes nt ati (?n of i dtetail of the XPS spectrum of the

i nter facd§et ar eH}Pd{‘F.'ES ap? V¢ 'cfrg/f)t@ggécordi ng to the invention; Figure
8: a schemati ¢ croddgsmec8i ametaibwenf ofatheapart iacontingtp figusdsnghe2Bl A€t i c
mat eri al évﬂaérq.hggaﬁggﬁgﬁgor ding to the process of the invention. The plasma
techni que used 1n the scope of the invention consisted in creating a

hi gh-10r equency pot drigi# 4grandepigsentationges the e Sr srrRIEH pole iy mdastic

Di ff er ent BRI fitbRScaLAIThBE B af R 86cortimgl tidhBdveritRet rons, ions, atoms and
nol ecul es either engl ted_or _not, free radicals &nd vi si bl e photons. In

uv
practice the three "ds¢ie 2§ Bﬁtﬂﬁéﬂh@ﬁépégp@@&tqt@’b diqedhis plasma are
in the | ow frequen®igtm@ea 6scdiddeta)l df iee Festiesehtatignasidigur@nge (13. 56

MHz) and the m crowave range (430,.Mdz or 2.45.. Th | a S is a

ni t rogenous plas rrav'\%glr’ree?gnﬁl étaglﬁt'ﬁ)péeq\rﬁg%?taﬂﬁzz’gra N%ﬁ%& g%%higa ms C-N
t ype 1§r ougpantysinoroft e poterfeme surfaaeeof Erothéageat tyse abswordingi ghl the
reactive ; .te which has nunerous effects on the surface of the

substrate, includi nl_g: - cleaning of the surface, by elimnation of organic
cont am nants, - igure 8: a schematic cross-section view of a part including a

single plastic material metallised according to the process of the invention.
The plasma technique used in the scope of the invention consisted in
20 creating a high-frequency potential gradient in a gas under reduced pressure.
Different moieties are then created, including: electrons, ions, atoms and
molecules either excited or not, free radicals, UV and visible photons.

In practice the three excitation frequencies used to create this plasma

are in the low frequency range (< 100 Hz) the radio frequency range (13.56
25 MHz) and the microwave range (430 MHz or 2.45 GHz).

The plasma used is a nitrogenous plasma for example of type N2 or NH3
or No+H,, which forms C-N type groupings on the polymer surface. The plasma
is also a highly reactive composite which has numerous effects on the surface
of the substrate, including:

30 - cleaning of the surface, by elimination of organic contaminants,
- stripping which removes surface layers by creating a certain
roughness at the nanometric level on the substrate surface.

In addition, the plasma UV breaks the C-C and C-H bonds of the
polymer, thus enabling the free radicals to react with other radicals of the gas or

35 with other macromolecular chains of the surface.

One effect achieved within the scope of the invention by the use of a

nitrogenous plasma is functionalisation which is a grafting of chemical functions



- stripping which renoves surface |ayers by creating a certain roughness
at the nanonetric |level on the substrate surface. In addition, the plasna
W br eakswole/1@se and C-H bonds of the polynmer, thus enalwicrmpos/beifree
radicals to react with other radicals of the gas or wth other

macr onol ecul ar chains of the surface. One effect achieved within the scope
of the invention by the use of a ni t.roenous pl asma is functionalisation
which is a grafting of chemi cal functions WO 03/104526 PCT/ EP03/50217
achieved with a reactive gas plasma: grafting of nitrogenous functions (N2,
NH3 pl asanhlieved whi asi@aictiee gak plagmpogsafting ofNnitroggevosSuNZigisadNrdlHenabl e

the follqui ' bt ai ped: ' i ginas, il C
i tri | oo, PR IpIE, AHface dfang bAVERE. NESAE NaFpippiae haa8. b ..
H2N- C ani fRlewing\grotpings tebe gbtaineshddt-ggemineso¥abnimiges Ne€aritilegd hi gh

t enper at WK, Piathas 184d B the 5EenRAPEE e tIRWIRY GRéiSIAgs SHENRS bhRhes s
nmet al Li sat ctroless netallisation 1is a process of chem cal

ion, El g
depospPt i -GGTO ABridesi ¢ | ayers on substrates froman aqueous sol ution,

W thout the usesetond sexdeeimabtaining eninesdllisex highhiesnperaturegilastit wikinat i ng
wi t hout an extern It el.ect rtic soglrcg. The bt%t”hst.or Efl tions g%red in order
to obtai nEREORE PFIMERIMIED BsEgeCleta fueRsrtien) HYRle e Triipaien
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the system s reducer. In ﬁéé’@r to obtain a deposition on the surface of
S

h
any subst¥Pac&list companies afls aFemiRAde URi QF SBY$Ac @95B1S VRCIUGIRECR is to

say cat alpdrticulbor the redox reaction so that the reduction of the netallic

ions can be initialised._|f . .the trat.e is,nhon- conductive, as in the
case of polyners, it is %@@é@'sseﬁjé‘%FéeBS%gﬁ@ZN'n%’éﬁ’iragon sites on the
surfdbe thereof. This i s dcheehysddiwnmypapbasphits, farmaitiehydd; group VI |
(generally palladiunm in, gggicl-0 be able to initiate the deposition
reacti on. Consequently, such an approach has been inplenented in the
invention in order to reifrpouldorsapfiace of the substrate by a plasma
treatment. Thus accordi ngséQuddieringgant on, by subjecting a substrate,

particularly a'I’he metallic deposition reaction is the result of an oxidation-reduction

20 reaction between a metallic ion to be deposited and the system’s reducer. In

order to obtain a deposition on the surface of any substrate, it is necessary to

render this surface active, which is to say catalytic for the redox reaction so that

the reduction of the metallic ions can be initialised. If the substrate is non-

conductive, as in the case of polymers, it is necessary to produce nucleation

25 sites on the surface thereof. This is done by fixing a salt of a metal of group VIl

(generally palladium) in order to be able to initiate the deposition reaction.

Consequently, such an approach has been implemented in the invention in
order to modify the surface of the substrate by a plasma treatment.

Thus according to the invention, by subjecting a substrate, particularly a

30 connection element consisting of a polymer to a plasma of type N, or NH; or

(N2+H2), C-N type groupings are formed on its surface. When this sample is

then immersed in a bath of palladium: PdCl; or PdSQ,, strong covalent bonds

are created between the nitrogen and palladium atoms: C-N-Pd; the surface is

thus activated, which enables the oxidation-reduction reaction described

35 previously to begin. A first advantage of the process of the invention is that this

simplified treatment eliminates the chemical treatments for surface conditioning

and the sensitisation treatment with stannous chloride known in the prior art, in



connection el enent consisting of a polynmer to a plasma of type N2 or NH3 or
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are created between the nitrogen and palladiumatons: C-NPd; the surface
is thus activated, which enables the oxidation-reduction reaction
described previously to begin. A first4advantage of the process of the
invention is that this sinplified treatnent elimnates the chem cal
treatments for surface conditioning and the sensitisation treatnment with
st annous weithhiaddlingtwnsolntions ispdiffoultand expename3/ 104526 PCT/ EP03/ 50217

whi ch hand! i noribe; gl gRReks Ahlchl Gitlte PPchﬁ%b‘befhsﬂh\éefoIIEWr@mgf'bbf' ed

process, scrl sed by
the foll @an@aaﬁ@@nbssathmﬁwovangrergme@?vt@agl aﬁty @%ﬂlr@@ﬁtng byt eRIvegtby

pl asma, a&&hmgttiyomasmbnétmat@ﬂdr.ﬁ%ﬁlddos@tewrsatm was indicated previously,
|n orger to nodify the, su

" non- Bol yrer | bI\as d%%lee{eﬂ@remslvehgﬁw@é@ thr BunBie swhase o the
funclt: ?nn?;:dlmbas , gvafused.’ nﬁhq)cnymemiaableré@mem Bl WRIHR, gaabhm@l nittdgeniaus with
ngal | el %Q%Eﬁl %C%&i%ﬁ&%gg%fé%gr@ﬁ Rga%ﬁé]g%ﬁ@g?b ﬁvg}e?r%é%fmé]ﬂglgﬁgo'mct or
substrat encmollmélnlgr teamed biysuging awgediooﬁnewérmyfelRFerle@@tqrodfm 3196eMtin witbe,
whi ch i's Pé]e§|hﬁﬂn|hﬂ‘n te@ct&!:de%e t hg Hhé‘ag!a‘&aﬁfe ﬁr\d’rfelt roHe. Cci] ctgrode,

COI’]I’]ECt eoP rate OWs a nonogenous

f1 ow16f gee\@ééraéﬁ tq he traeé%ﬂs)arraﬁgéﬂ Oma\kﬁ\tvérre@iCFr@dﬁath%ﬁa@f/’g?emhMblSs t he
two el ectdppestePs tHéURFSgbé/neraid?Us'h@rlﬁj{férrtgeétFtﬁie tthé)élﬁfd% rRehnbewryed above

60C. The ef i Cien f . th | .asma t ment ends i ous rational
oo et erarin, it PEateRhd MR Sy Wakh s lwegh RS e U et o G S RE 1
order to reptiomislet. tAmvateretladdlamDmgystendcbolertbe t@@selpceedes eohtindidwesly,eact or :
0.12 Pa t (o] N2,
(H2+N2) e{@u%al Sah”zgg g%g thr?k/ ér?e[ i’%ﬁ Hc)%a;tgg e g Ses Sﬁgﬁﬁgncﬁ"q% ﬁ] argon
and fléon M@s;reaadtﬂeatmem:satde:nermts toeat\reémus oolsergaéonatopacarnﬂws eswe-

Pover: a pewehtr ?ébebwe%ﬁg'd?fgaﬁbg é Hf‘es%e rra"?'ftlé’t(ars th brd& tb é’rptlrMYs%n%e The
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20 - Gases used: NHz, N, (H2>+N2) as main gas and in certain cases
noble gases such as helium, argon and neon were added;

- Duration of treatment: 0.5 sec. to 10 minutes;

- Power: a power density provided by the generator: 0.1 to 1.1
W/cmz.

25 The Electroless baths most commonly used in industry contain the salt of
the metal for deposition, a powerful reducing agent, a sequestering agent for
the metallic ion and a stabilising compound to prevent the solution from
decomposing. For the purposes of the invention, we used two baths
manufactured by Enthone-OMI. A first bath to deposit nickel: Enplate Ni426

30 contains little phosphorus. A second bath to perform the copper deposition:
Enplate Cu872.

For all non-conductive materials such as polymers it is necessary to
render the surface catalytically active by creating nucleation sites thereon by
grafting of a noble metal, such as palladium that is capable of catalysing the

35 reaction. Here we use palladium because it has a very strong affinity with
nitrogen, previously fixed by plasma treatment.

We used three solutions to metallise samples, namely:
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bat h16i t matdly asound or in an al kaline degreaser bath containing a
surfact ant a”"rr?é’%ﬁé&??o'l‘é@é' %'tgﬁsing procedure may be summarised as follows in
exemplary manner for a substrate of PBT+30% fibreglass:

- Degreasing: isopropanol with ultrasound or alkaline degreaser
20 - RF plasma (0.5 sec to 10 min)

- Immersion in the PdCI, bath

- Rinsing: distilled water

- Immersion in the hypophosphite or formaldehyde bath

- Immersion in the metallisation bath

25 - Rinsing.

In order to degrease the parts, for example plastic connector boxes are
placed in an isopropanol bath with ultrasound or in an alkaline degreaser bath
containing a surfactant and sodium hydroxide.

Baths containing the hypophosphite and the nickel are each brought to a

30 temperature between 50 and 65°C. After the grafting of nitrogenous functions
onto the polymer: C-N bonds, it is activated by PdCl, by attaching palladium
seed crystals thereto. Since the palladium has a strong affinity for nitrogen, C-
N-Pd type bonds are created, the palladium thus fixed is in the Pd(ll) state. The
palladium must be in the Pd(0) state to be active. This is achieved by exposing

35 the grafted substrates to the direct action of a reducer (immersion in a
hypophosphite bath) or to the action of the metallisation bath itself (bath
containing hypophosphite).
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the deposit on the substrate.

The next test in the sequence is a ripping test by traction. During this
test, adhesion is measured by the tensile force it is necessary to exercise on
the deposit, perpendicularly to the interface plane, in order to pull it away from

25 its substrate. A cylindrical contact block made from aluminium is glued to the
coating using a cyanoacrylate type adhesive. With the substrate immobilised,
the contact block is pulled away using a traction machine which records the
maximum force required to detach a disc from the coating. The ratio between
this maximum force and the surface of the contact block is often used to

30 characterise the adhesion:

It is necessary to wait 24 hours for drying at ambient temperature before
proceeding to the traction test.

The substrates studied are parts for usage in connections or MID type
circuits (moulded interconnect devices). These are for example connector

35 boxes coated for example with a metal layer forming unconnected conductive
paths that enable electricity to be conducted or constituting an electromagnetic
insulation. This layer of metal must not be altered, nor detach due to industrial
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20 We have therefore studied each of these plasma treatment parameters:

the treatment time, the generator power, the gas flow and pressure. In order to

optimise the parameters of the plasma, we characterised the surface of each of

the samples treated by measuring the wetting angle and by XPS analysis.

Substrates of PBT charged with 30 % glass fibres

25 We studied the influence of the treatment time, the power, the gas flow

and gas pressure. We also concerned ourselves with the influence of the kind
of gas: NH3 or N, and mixtures thereof with a noble gas, in this case neon.

The wetting angle was measured for each connector treated. The results
of these measurements permit us to track the change in the wetting angle

30 depending on the parameter studied.

The value of the wetting angle for a sample of untreated PBT charged
with 30 % fibreglass is 83.6°. A treatment from 180 secs to 240 secs proved to
be ideal, and decreased the angle value by about 10°.

By way of example, the treatment parameters (T1) permitting the

35 initiation of a metallic deposition on the sample for this type of polymer are:
- Treatment time: 240 seconds
- Gas type: N2 (95 %) + Ne (5 %)
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requires more power and more treatment time to assure the graft.

The XPS analysis of sample parts, provides information on the way the
polymer surface has been modified. For each plasma treatment, we analysed
two representative samples of connectors made from PBT. Each connector is

20 immersed for 4 minutes in the PdCI, bath, then rinsed in water. Knowing the
palladium’s affinity to the nitrogenous functions previously fixed on the surface
of the polymer we would expect to find traces of palladium when analysing the
surface of the sample by XPS. The proportions of each of the atoms present on
the surface of samples are calculated. We summarised the result of analysis in

25 the chart below. The values given correspond to the atomic percentages.

Samples %C %0 %N %Pd %Cl
PBT with treatment T1 67 23 5.8 3 1.2
PBT with treatment T2 67.9 | 23.0 3.6 3.2 05

We note that treatment T1 grafts more nitrogen than treatment T2 but
that the level of grafted palladium remains equivalent.
30 LCP Substrates
In a second stage, we took the same measurements on another
polymer: LCP, after different plasma treatments. The connectors fabricated with
this plastic are intended for very high temperature applications (continuous
operation at 190°C and soldering at 245°C). We characterised the surfaces of
35 treated samples.
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npl'e for thi's type of polymer are: -

deposition on the adherent sa
Tr eaflRenttheiRReF. 20 seconds - Gas type: N2 (96 % + Ar (4 % - Power O0.15

to 0.20 Wcn? By FAQMg BeKIRE aRY (rtss0rB)parantt&ss Winft ofdgad dredthenPlithe
treatnent for LCP (T4) with another gas also permt [ nitialisation of
metal lic %Eg%%‘f"?f’dtn'?’ ppsqﬁbﬁeed{% oM prasm tregiBaplsior ‘type: NH3 - Power
0.2 to 0.25 WRuor2the purposes of example, the treatment parameters for LCP (T3)
allowing the initiation of a metallic deposition on the adherent sample for this
15 type of polymer are:
- Treatment time: 20 seconds
- Gas type: N2 (96 %) + Ar (4 %)
. Power 0.15 to 0.20 W/cm?
- Flow: 200 sccm (ml/min)
20 - Pressure: 22 Pa
A second treatment for LCP (T4) with another gas also permits
initialisation of metallic deposition:
- Treatment time: 35 seconds
- Gas type: NH3
25 - Power 0.2 to 0.25 W/cm?
- Flow: 50 sccm (ml/min)
- Pressure: 25 Pa
The surface analysis of these samples by XPS shows that, after
immersion in a bath of ionic palladium, a reduction bath with a formaldehyde
30 base in sodium hydroxide medium yields a surface having the following atomic

composition:
Samples %C %0 %N %Pd %CI
LCP with treatment T3 66.5 21.7 7.2 34 1.2
LCP with treatment T4 67.1 22.4 6.7 29 0.9

The T4 treatment grafts less nitrogen and less palladium than T3, but it
35 is sufficient to trigger an adhesive metallic deposition on connectors made from
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15 adhesion of the metal to the substrate using the Scotch tape test and pull tests
followed by thermal shock tests on several samples, plasma treated under the
operative conditions defined earlier (T1 to T4).
We thus used two Enthone metallisation baths of different compositions,
that is to say with different proportions of solutions A, B to mix.

20
Plastic bath Standard bath
Solution A 50 cm’/l 100 cm’/l
Solution B 50 cm”’/l 100 cm”/|
Distilled water 900 cm’/l 800 cm”/|
For each type of bath we prepared solutions with different pH:
Plastic bath Standard bath
54 54
PH 6.2 6.0
6.4 6.2
25 Visually, all samples are metallised homogenously over their entire

surface, no blistering appeared.
The standard bath permits a higher deposition rate than the plastic bath:
The pH has an important effect on the deposition rate: When the pH is
increased from 5.4 to 6.2 in the standard bath, the deposition rate increases by
30 20 %. As the pH is increased the deposition rate increases also. If the pH is
increased to values greater than 8, it is possible to deposit up to 20 pm of
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correctl ypath. zone of greater or |esser size, in certain cases representing
ed .an absenc This problem
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was noted Tor O CRTCREG S CrpsRe T6rE dhamr ol n bfae surhes Bifea A
firstl5solefficacy foo RBW angridkifP.em consi sted in inmrersing in the solution a
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with the different surface treatments.
The priming for metallisation in the Electroless bath is an optional stage
for the invention. It is possible to prime the baths so that the metallisation of the
20 treated substrate may begin in the solution.
According to certain tests several samples immersed in an unprimed
bath were not metallised correctly, a zone of greater or lesser size, in certain
cases representing 90 % of the sample surface displayed an absence of nickel.
This problem was noted for all the chemical nickel or chemical copper baths
25 tested. A first solution to this problem consisted in immersing in the solution a
nickel panel freshly stripped in an HCI solution. Under these conditions, the
presence of a large catalytic surface in the bath enables the oxidation-reduction
reaction to begin since the bath is adjusted automatically to the appropriate
oxidation-reduction potential for the reaction. It is evidenced by a release of
30 hydrogen gas on the substrate. Metallisations carried out after the bath was
primed, yielded homogenous metallisation of samples and a reproducibility of
100 %.
The importance to the quality of the deposit of immersion times in the
various baths for the Electroless metallising process was confirmed.
35 By running tests for different immersion times in the hypophosphite and
formaldehyde, we confirmed the effect of this treatment on the initialisation time
of the nickel deposition. It was noted that the nature of the polymer was a
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substrat gﬁgﬁﬁﬁ]?ﬁélgggnaﬁf eragd-lIJBgt ?gngwﬁﬁégﬁﬂ ?gg:/\&g %wh:\g}ﬁt%ﬂgtlalggasr ais
nore act i fe@chedrferT Sinisetest immersipg offthe RBAutnebl2BOsi. gilef Femparativeact i on
of Pd 2+ {8 B &hbAsPthel Bherdy odaBshsnin e PRes@el saekaPifietent

obt ai b cdFITLERIONaNEF | 8arzBfomiloh LETEpASHLAPD T Ly oI e (e
concl2gsi onfluende|bhtimaistbseatesen the rate of reduction of Pd®* and shows that the
Vectra is more active than PBT since at the end of 3 minutes a significant
fraction of Pd*" is reduced to Pd (0), the maximum of the peak envelope is
displaced by 0.9 eV.
If we observe the parameters below systematically, we obtain correct
25 metallisation with a reproducibility of 100 %. In conclusion, a bath must be used
with an operating temperature in the order of 60°C, ideally from 62°C to 63°C,
the bath must preferably be primed, the immersion time in the PdCI, bath is at
least 2 minutes; in the H,PO, bath, for LCP: 20 secs, for PBT: 60 secs. By
choosing 40 secs for example, this method of differentiation also enables
30 metallising to be done separately on different parts of the same item in different
plastic materials.
We then performed the adhesion of the metallic deposits on the different
high temperature plastic substrates. The deposits were made on substrates of
PBT and LCP, SPS and PPS on which we performed a surface treatment
35 according to the ideal conditions determined and described above:
This treatment processing enables Electroless nickel metallisation in
accordance with the indications specified above. Several deposits were made
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TYPE 1 TYPE 2 TYPE 3
electro Ni
chemical Ni electro Ni electro Ni
chemical Cu electro Cu electro Cu
chemical Ni chemical Ni chemical Ni
PBT and NHs; plasma PBT and N, plasma PBT and NH; plasma

20 The samples of the first type were prepared as follows:
- Flash of chemical nickel of 0.3 um
- Deposit of chemical copper of 6.5 um
- Layer of chemical nickel of 0.25 um (protection against the
oxidation of the copper)
25 - Second deposit of electrochemical nickel of 5.2 um for a final
thickness of 12.25 um.Samples of the second type were prepared as follows:
- Deposit of chemical nickel from 0.87 um to 4.58 um
- Deposit of electrochemical copper from 6 um to 9 um
- Second deposit of electrochemical nickel of 5.2 um for a final
30 thickness between 12 um and 16 um.
Samples of the third type were prepared as follows:
- Deposition of chemical nickel from 0.3 um to 4.6 um
- Deposition of electrochemical copper from 6 um to 15mu



- Flash of chem cal nickel of 0.3 pm- Deposit of chem cal copper of 6.5 pm
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nickel of 5.2 pmfor a final thickness between 12 pmand 16 m Sanples of
the third type were prepared as foll owd:- Deposition of chemical nickel
fromO0.3 mto 4.6 pm Deposition of electrochem cal copper from6 mto 15m
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t hi ckness Afieciyely tBedhicker( the)depesit the gjeatpicrie th(epﬁ'yermﬁhsé@@sq%aﬂd tiher mal
(pm (N mMioré thel dbpsit s eedssle@Siith tRBﬂsRQaf@or?es@e&ugt@é 5.2 12.25 > 3,1 100
Wt hstands sccm 100 /o LCP 25 Pa, 0.3 6.5 0.25 5.2 12.25 > 1.2 95
Wthstands 180 W 100%

TABLE 1
15
TYPE 1
ISO
ASTM ‘
NHs; | chemical | chemical chemical Electro Total D 5179 Szct?(?h DIN 53496
Substrate| Plasma | Nickel | Copper Nickel Chemicall thickness |Adhesio test Thermal
(Um) | (um)  (um) f\g'cr':s' (Hm) (;‘VrTne;E) (Hold as| shock test
M %)
peT | 290 | 03 6.5 025 | 52 | 1225 | >34 | 100 |Withstands
scem, 100 %
25 Pa, Withstands
LCP 180 W. 0.3 6.5 0.25 52 12.25 >1.2 95 100 %
90 Withstands
SPS seconds 0.3 6.5 0.25 5.2 12.25 >1.8 100 100 %
20

25



SIPS 90 0.3 6.5 0.25 5.2 12.25 > 1.8 100 Wthstands

seconds 100%

)

03/ 104526 PCT/ EP03/50217 TABLE 2 TYPE 2 ASTM|1SO Electro Electro 2409

chem cal
N2 +Ne Ni ckel

Copper

Ni ckel

wotial104326179 DI N 53496 Pl asma Chemi cal

Thi ckness Adhesi on test Ther nual
in PBT 0.87 9 5.2 15.07 > 2.6 100

(pm (pm (pm (pm test M) (Hold (N mm

W t

hst ands

100 200 sccm W thstands
100 180 W LCP 90 0.87 9 5.2 15.07 >
LCP 4.58 6 5.2 15.78 > 1.1 90 Wthstands 95%

53496 Electro D 5179 2409 Chem cal

ElTesBILE 2Tot al

Ther nal

Cheni cal pBamPoksBubst r at e

shock test

seconds 100 %
TABLE 3 TYPE 3 ASTM | SO DI N

3T 25 Pa, 4.58 6 5.2 15.78 > 2.4 100
-2 100 Wt hstands

Substrate Pl asma

Ni ckel Chem cal Chem cal Thi ckness Adhesion Scotch Shock NH3 (pm Copper
Ni dkel (pm test test Test (pm (Hoi-ﬂ,g:r% (pm N m2 PBT 0.35 15 5.2 Z20.5%
> 2 FHhstands—100%PBF2001+ 5105216+ 2-3—100W-t+hst-ands—
10g% PBT sccm 4.6/ 6 5.2 158 > 2.5 100 i'thstands RSTRR. 186%
. Electro lectro 2409
chemical . ) Total D 5179 DIN 53496
Plasma : Chemical |Chemical| -, . .~ | Scotch
Substrate Nickel ; Thickness |Adhesion Thermal
N2 +Ne Copper | Nickel test
(um) (um) test shock test
(Hm) (Hm) 2 | (Hold
(N/mm?) in %)
PBT 0.87 9 5.2 15.07 | >26 | 100 Wi%sg%/”ds
200 sccm, Withstands
PBT 25 Pa, 4.58 6 52 15.78 >2.4 100 100 %
180 W, Withsta;ds
LCP 90 0.87 9 5.2 15.07 >1.2 100 100 %
seconds Withst °d
LCP 4.58 6 5.2 15.78 | >1.1 90 thstands
95 %
5
TABLE 3
TYPE 3
ASTM ISO
, Electro D 5179 | 2409 DIN 53496
Chemical} Electro : Total . Thermal
Plasma : . __|Chemical |, . Adhesion| Scotch
Substrate Nickel |Chemical| ™, Thickness Shock
NH3 (um) Cooper Nickel (um) test test Test
H ( pn‘:) (um) H (Hold in
H (Nmm?) | %)
Withstands
PBT 0.35 15 5.2 20.55 >2.1 100 100 %
Withstands
PBT 200 1.5 10 5.2 16.7 >2.3 100 100 %
scem, Withstands
PBT 25 Pa. 4.6 6 5.2 15.8 >2.45 100 100 %
180 W, Withstands
SPS 90 0.35 15 5.2 20.55 >2.05 100 3 95 9
seconds Withstands
SPS 1.5 10 5.2 16.7 >1.9 100 100 %
Withstands
SPS 4.57 6 5.2 15.77 >1.7 100 100 %
For each sample, the initial thickness of nickel observed does not
10  significantly influence the maximum adhesion stress value. The Scotch tape

tests and the thermal shocks yield similar, positive results that confirm the



SPS 180 W 0.35 15 5.2 20.55 > 2.05 100 Wthstands 90 695% SPS seconds 1.5
10 5.2 16.7 > 1.9 100 Wthstands 100% SPS 4.57 6 5.2 15.77 > 1.7 100

W t hst andw018Q@84s26-or each sanple, the initial thickness ofrcmiePk®bo20bser ved
does not 10 significantly influence the maxi mum adhesi on stress val ue. The
Scotch tape tests and the thermal shocks yield simlar, positive results
that confirmthe WO 03/104526 PCT/ EPQ§35_0217 previous results and confirm
that the process according to the invention creates a true graft of
attachnent sites for the netal on the plastic substrate. Simlarly if we
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' Within the scope of the invention, the effects of waiting before grafting

20 due to such an industrial process were studied. It was determined that after
fifteen days, LCP samples were completely deactivated, PBT samples were
50 % deactivated, but that SPS samples were successfully metallised. This loss
of activation means that it is possible to make fully activated bi-material
products, for example LCP - SPS, and then wait for 15 days (or another period),

25 Dbefore the whole is metallised. In this way, the SPS parts may be metallised
selectively. The form of the mechanical structure is sufficient to separate the
metallised zones pin SPS from the non-metallised zones in LCP.

Similarly, the effect of the metallisation time and stirring the metallisation
bath enables the metallising to be differentiated, a comparison of PPS and LCP

30 at the time of the metallisation in a bath with mixing reveals that PPS requires
120 seconds for metallisation, whereas LCP reacts in the metallisation bath
after 5 to 10 seconds. Thus according to one embodiment of the invention,
hybrid PPS—LCP samples are activated, immersed in the metallisation bath for
no more than 15 seconds, and removed from the bath so that ultimately only

35 the LCP is metallised. There too, the mechanical structure is sufficient to
separate the metallised zones from the non-metallised zones without using
material provided with catalytic charges nor including a metallisation precursor.



Simlarly, the effect of the netallisation tinme and stirring the
netallisation bath enables the netallising to be differentiated, a
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20 The forms on the surface of the item parts in these different materials represent
respectively zones that are not to be metallised and zones that are.

The selectivity parameters for differential metallisation are as follows,

certain of which may be used together in combination, or individually:
- the nature of the activation plasma,
25 - the completion of one or more activation cycles before
grafting,
- the waiting period after activation and before grafting,
- the duration of the metallising stage,
- the stirring rate of the metallisation bath,
30 - the temperature of the metallisation bath,
- the nature of the metallisation metal (nickel or copper).

All these parameters can be adapted according to the nature of the bi-
component high temperature polymer materials retained and the type of
metallising sought. These processes are also compatible under the same

35 conditions as before with remoulding techniques followed by subsequent
metallisation.

One example of a metallised bi-materials item is represented



- the waiting period after activation and before grafting, - the duration
of the netallising stage, - the stirring rate of the netallisation bath, -
t he tenpewatwanesso§é the metal lisation bath, - the nature ofPCiriEP03/50217
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materials retained and the type of eJ. | | i si ng sought. These processes are
al so conpatibl e under the sanme conditiOns as before with renpul di ng

techni ques foll owed by subsequent netallisation. One exanple of a
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plasma creating a _surface provid activated sites. Figure 3 shows a
parti 8 Wwaseuevidss with acivated sitge net al i sati on zone having two
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process accor.di n e invention his detail reveals tw peaks 13, 14
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Figure 8 Tepresenhts’a Crea t he
accor di ngathatl%féplaﬁm&htlon for vvh| ch a plastic material 20 has been

metal lised.  Figure 6 shows a detail, centred on the energy zone of the palladium, of
a curve obtained on a PPS substrate by the metallisation process according to
20 the invention. This detail reveals two peaks 13, 14 common to the palladium,
showing a representative shift of palladium/nitrogen bonds that is effected by
the process according to the invention, corresponding to a statistical analysis
shown in figure 7.
Figure 8 represents a schematic view of a part created by the process
25 according to the invention, for which a plastic material 20 has been metallised.
This part 20 may be for example a half-housing including a rim 26, an external
circumference 27, one or more contact blocks 28, an internal partition 29, an
external surface 30, an internal surface 31.
This housing includes metallised zones 21, 22, 23a to 23c, 24, 25, 32,
30 zone 21 forms a part of the insulation, zones 24 are metallised connection
paths, zones 23a to 23c are internal contact blocks connected to insulation 21
by metallised traversing holes 22, these contact blocks for internal connection
allowing the provision of earthing points or heat sink contact blocks, zone 25
forming an extension of zone 21 to create an external earth connection.
35 In order to process this part, the housing, moulded for example in a
material such as PBT, is covered beforehand on the zones that are not to be
metallised such as rim 26 and outside circumference 27 with one or more



This part 20 may be for exanple a half-housing including a rim 26, an
external circunference 27, one or nore contact blocks 28, an internal
partiti onrwd33/184526 ext er nal surface 30, an internal surfac@®C3EPIIN237 housi ng
includes netallised zones 21, 22, 23a to 23c, 24, 25, 32, zone 21 forms a
part of the insulation, zones 24 are.mgtallised connection paths, zones
23a to 23c are internal contact bl ocks connected to insulation 21 by

netal lised traversing holes 22, these contact blocks for internal
connect i JAaSKING GIPMENEHEURh @Pi AieoknNQWN dtheinkigr w5t And Hremaelaced iRkth€ont act
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such as the t IEeielgs NALAS rAnBrafd i ahedniighisSioh Math ! udedribg e
pal | adium graft a the creation of palladium- nitrogen bonds to form
at t achmerfeiglliisationobathe teetQfitpins dhe omatalined mirveseddescritied Rsgavicaalum
bat h. TheadeatdingotthenhickABES@H siifalllé fonBicabibbipéd UMM fctions®r thes of
metal |l.isation ba;hs t o obt D the metallised | ayers described previously
accordi ndupetiqrhe ?W?%Wﬁﬁggﬁg'gﬂitable for the desired insulation function
or the functilorordér tureceie thermneplerity of theomdakinigooperdtior, it lepossipleexi ty
of the Kj eration, it i bl e tal li ipte 31
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in |

a flexib manner an ess tinme than processes according to the prior

art dRd in "hitys theprpsess endhpegsi ab@inrhibewyomaydhs: realiseds® @i th a
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grafting,commpbridrén netal lising by imersion in a netallisation bath,

characterised in that the netallisation bath is brought to a tenperature
bet ween



50C and 70C. 2. The process according to claim1l, characterised in that the
bath is brought to a tenperature between 55C to 65C. 3. A netallisation
process owoaw/idseen made from hi gh tenperat ure plastic polpgmmprossizer i al
including the steps of cleaning, plasna 24t chi ng, grafting, and then
metallising by imrersion in a netallisation bath, characterised in that

the plasnma etching stage uses a mtrogE pl asma of type N2, or NH3, or
N2+H2. 4. The process according to an-y—gfw@rai nms 1 to 3, characterised in

that the gas used for the plasma includes an inert noble gas such as neon,
hel ium or argqgn, th nert bei add d r of %to
I ncr ease theg |ssoc£a¢r°8ﬁ58 O?h@eﬁ%]@?"&@eﬁ RC@%@%@% ﬁ8ﬁ€&ﬂ%qe8tée7'&&8 %
into frpelynaet qﬂbstlc 5ma'lfbﬂabrmc&.&1angcm dstm)st ofaryeahing, aplmrriat etéhing,
charscterl din t theﬁﬁ ma_act, vation ne i.s in the %I%aer frci@ﬁ
secoRds 9EHENG n&n 'T?nT %’jlb?fﬁgs t%)(:cdmél“%rgs'?'a dﬂy 2t meigliizaton o bat
char act eghaesttéfised hﬂ&héhﬂt@ﬁ%bll%‘é’ﬂ@ﬁ batdf ist e Uy Hi68a témP@rétﬂﬁe%é}@{e@%

cl ai ns 0

0,1 Wc . The process according to any o
char act gg@séc?ﬂ‘ﬁ-/mét the grafting is realised by immersing the itemin an

i oni ¢ solutiop i ”C'%@ﬂocé% 'aft"féb‘r'ﬂ?n?;at‘ot éleeraTttﬁé‘ﬂa@ﬁéﬁsé&'lﬁthé‘tﬂtt@'béﬁ'\ﬁs
of PdC 2 + HCI, and includes diumions. 8. The process

accor di ngraughirp ateroparatire QQiWBertﬁér@tdQeﬁfb @d in that the pol yners are
PBT4oLCP, PPSz0r SF}§ rp%t%nTqu{?ﬁ %C&Pfa?f ﬂgrﬁ Mmag¥ t%n? lhﬁ% PT‘IJS?FE&UF
sat l'ete eld

characterised in | "Mer s on
a thick p@sécl p@dtymen mateeaécmch;dmgnth:etl smpSgatfvmanmopiasma ebchmg

are tourdlFihe; ar Ty shCENA0HC Gy JAEPERANZ o oARERHSHENP BAHS
net al | i selatzteriseédvinniad thiel plasesa diehimpstége usemd Allrogendus plésma of

process or taI M'f?e 9 rt icle made from high tenperature WO 03/ 104526
PCT/ EP03 © th? #c material including the steps of cleaning,

pl adga etchl n@ grvﬁélm@ceeedacm|m@tteldamgzlotgcley'mrsrmretbseonhenaetensed in
metal lisation bath, ch racberl ed in tw t he ar}rét I ncl udes parts nade
from di f atehe E?ést‘$%d Bi Bassm%rtﬂc Shan t 65@?%9% SUshdasi BREN; or
these stpgpsmabe wSttRE indre¢eld added nﬁhé? mbehhd;ﬁ%tfl oN 6 6 % to
effective on one of .these parts and no on t he ot her.
increase the dlsso<:|at|on of the nitrogen In reactive compounds of 7 to 8 % into
free radicals.
20 5. The process according to any of claims 1 to 4, characterised in
that the plasma activation time is in the order from 5 seconds to 5 minutes.
6. The process according to any of claims 1 to 5, characterised in
that the power density of the plasma is in the order of 0,1 W/em? to 1,1 W/cm?,
7. The process according to any of claims 1 to 6, characterised in
25 that the grafting is realised by immersing the item in an ionic solution including
palladium salts, particularly chlorinated salts of PdCl, + HCI, and includes a

graft of palladium ions.

8. The process according to any of claims 1 to 7, characterised in
that the polymers are PBT, LCP, PPS or SPS.
30 9. The process according to any of claims 1 to 8, characterised in

that the metallisation by immersion is completed to yield a thick metallisation by

electro-chemical or galvanic deposition, a characteristic of the resulting product

being that nitrogenous compounds are found therein by analysis of the polymer

metal interface, the metallised layer having a thickness between 0.2 um and 20
35 um.

10.  The process for metallising an article made from high temperature



11. The process according to any of clains 1 to 10, characterised in that
the adjusted operating conditions of these stages are at |east one of the
f ol | owi ngwoaenv&see of which are taken together in conbi natPCarEPo®s0217

separately,: - the nature of the activatjon plasm, - the conpletion of one
or nore activation cycles before grafti'réf' - the waiting period after
activation and before grafting, - the duration of the netallising stage, -

et oEnEL Bt el MO eh P uovs o0 b SEBR HS gl &g
copper) . gtaftinghe aacekenacmetaliising obgnyinuhecsisnmsinl Bo Mibtallisatient ebatigd
L omiat CHFaBRE P i AR 3L BRs! P b8 o St et
in that mpidterias aahd 9atthan thatdpdratiagcepnditionstfbr these stages are adjusted in
5 such manner that the metallisation is effective on one of these parts and not on
the other.

11. The process according to any of claims 1 to 10, characterised in
that the adjusted operating conditions of these stages are at least one of the
following, certain of which are taken together in combination, or separately,:

10 - the nature of the activation plasma,

- the completion of one or more activation cycles before grafting,

- the waiting period after activation and before grafting,

- the duration of the metallising stage,

- the stirring rate of the metallisation bath,

15 - the temperature of the metallisation bath,

- the nature of the metallisation metal (nickel or copper).

12. The process according to any of claims 1 to 11, characterised in
that the duration of the plasma action is less than or equal to 15 seconds.

13. The process according to any of claims 1 to 12, characterised in

20 that the metallisation bath is a copper bath.



