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The object of the present invention is parts that are netallised and made
from pl aswoosmedses i al . The parts are netallised in a proc®s3/HPo5/50218

metal lising support nmedia made fromplastic material, particularly from

hi gh tenperature plastic material. The aimof the invention is,
particularly for the electronics industry, to facilitate the production of

connectors and nor MEEAELEBED BARPS MADEGHROMPLASTECIMATERIAL to hi gh
tenperatures and serving as hybrid nmountings, which are light, easy to
manuf acture, and which have high electrical insulation properties, while
al | owi ng nec€eBsabpjedt @f the padsedtriduenttiomishyante tizdtl arei mgtalsext andssader

Canaui o0 PISHG et o BriRa? 1y e S BBERes o IS 407

622, parSUp:pdrame;dlasmageafrcbnnr plastiouhdtental apal‘tws:larty frenehigh temgbesatbyect i ng

cecond Hagfe L, ToBCEn Gt METIERGL S oaRlchl, B M ehbesc. @
met al | i shdgstry, e@/famy;tateethacrmwmt@@ qbn@@neﬁtomenﬂu mere @e@@éaIMws@m and
then a nabald fr%&%g?%eg%nﬁa% ﬁ"%? Vat%t%%‘s ghdtgyrﬁmg‘r%gﬁ%na e GRS, t hat

t he adhesion uses oxl dation by a
sol uti onNhlﬁhtarEellﬂiér gasyéo mna@wﬁa@turguandc\@hlﬁindn@@hlgrbele@t@al Pasldationo.

US- A-4 %gﬁﬁ%sam|eralcﬁ&.ﬁ§$&e§sé B i2al EOHUGIKh BY AidtBfisicpr i s

process, esion 1Is em cal etchi ng to roug he surface
to be netal | iA&IOCHST rt%@atlmm@QIIISﬁarC'wwt@Hnéwea@raxhp%e dﬂneewpggrby%

deposi t egtockS§s of'%ﬁﬂi/vhﬂfjrﬁoﬁhldi’n@s Rab&AtpdMaculdfly Ardm 15% Fen¥eOUS-Ag toO

that d t t h db |1y heat th
Jones. WiaAB 71422, DA EASES aUiiak TS of & BiRyGe mAle e AP R Eeo to
di sisol Vet 8f M%Hbﬁ%tagé tthtaheeﬁb@ﬁsess WQQéEIeW@f Qiellmgilrﬁétajtll&eﬁo'tpa ges?n@d An
earlier san ec 0 sc i S at.en

a5 sonubar s mesidmetis Rtk e eb B iSeib i melplisinty 16245 tare” of
whi Chhb@h(ﬂ@a&d tzagbe dfotrhtenﬁmlpjueée rREpotée, ahtehenod. méf&lu&m@m@@gei EeTheticle
is then,treated metal lisin r.oce udi

st age of ‘?%é'p 'Pf‘eﬁ¥ ﬁ'g%lrpéo(’cgss "?q g%tteﬁeiﬁatsgg %dth%gﬁm I}%Ehbo 9 %é%h an
el ect r oclaetivatiin) cseal gis¢mical depdsiidredy 'Eypsorhatidry theheendatls ttkehplagties

e st TSR ARpriENY & Palthald LaTALY Bl bRy EREs 10 e fRAke

| mrersio are rrente speci affix
pal | adi umoskting ErocesH. d:qrdhtshercmensfsaaéhemhesa promﬂtedtbyoﬁmmtmwmmngs may

be summgy | eparation stage, including cleaning
and strip S '%%ghéﬁ tﬁ? SIU%EJB b%lhﬁﬁp?(? on of a catalyst WO 03/105548

PCT/ EPO3/ 50218 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



-2- and then netallising. The prior treatnents use chem cal solutions. Thus
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temperature technical plastics, particularly those wused 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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primary vacuumis created in the vacuumbell, a gas is injected, either one
of NH3, N2, or (N2+H2), or a m xture Pf these gases. Plasma i s obtained
with electronmagnetic energy (low frequencies, radio frequencies), by
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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, D5.

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



WD 03/ 105548 PCT/ EP03/50218 -4 and/or liquid crystal type, typically in
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their nelting tenperatures are 220C for PBT, and higher than 350C for the
three others |isted above. By conpari-sba the nelting tenperatures of the
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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



with additives (fillers and conpounds), such as fibreglass for exanple,

whi ch WD 03/ 105548 PCT/ EP03/50218 -5 are used extensively in the industry.
G ass fi bwesshessest he ef fect of increasing the inertness poff/groasi2igs with
respect to the various activation nethods. This serves to explain the
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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 NHs3). 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.



ni trogen and/or the ammonia or m xtures thereof in reactive conpounds of 7
to 8 %into free radicals and excited ionic or atomc noieties. WO
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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
poliutants 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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plastic aﬂ%&%%éhe 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



a second plastic material at least partially coated by the netallic 35
deposit, the netallic deposit includes attachnment sites including
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advant a eousl 3. pm and rrn he exte I Frabl

havi ng ?iﬂ'%%&@%&%é’ﬁ”ﬁdwm% oM the initiak y&é@@r nM rteoo

i nvent i Qiastic siatéridigat the adhesive force of the dep03|t on the second
t he adhesive

Porce of the Asdne brinenavemidn dnpifiSt o Reedhy Satedol BV GReSRere han 2
N 2. Jtdrhl the aetarizianSe Sy LICR hePBTVéPREoandt hkeis uvhdoes ofathlyeicakgond
mat 56! aluncharged 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 pm and
reach a thickness of 20 ym, but is advantageously between 0.3 um and 1.5 um,
the external layer preferably having a thickness between 4 ym and 30 um.

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 PdNx bonds.

The invention will be better understood with reference to the following



after the deposit is stripped off displays a spectral analysis provided at
| east wi th peaks corresponding to nitrogen noieties, peaks correspondi ng
to 35 palwedsuossami eti es, and presents an offset of the pearsprossrespondi ng
to the palladiumnoieties specific to PdN,, bonds. The invention wll be
better understood with reference to the follow ng WO 03/105548

PCT/ EPO3/ 50218 -9 description and thRe® figures that are attached thereto.
These are presented purely for exerrpl ary purposes and are in no way
limting of .the invention. The ur eftaegow Fl t he evol ut%o of
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to figur'@8™OnSN9¥. 2C after metallisation; 10 - Figure 4: a representation

of the XPS SpectrLanorfe 1 hidepdasitfion oﬁﬂt@bnergyep(ﬁﬁti@n shithi@spinodoablptof

accog di n%” 8 thg invention; Figure 5: a first detail of the representation
of f1 gurp gau gure 6: a second detail of the representation of figure 4;
Figure 7: a stati Higoads Rapraks antdalcoanoéxamge af | a gfart lescERENg 1t Hpect rum

of the i .type according to the invention;
Fi gure é'?‘}ei{ts"?h@ﬁ% b?oc'“ﬁgg@ zgdgg/?:ﬂgh s\?/ évx? 'of a part including a single
pl astic materi al rfEgatd Bsedlatait wiel 0f the parcagecardirstofigutas 2AveRt i2éh. The

pl asma in the scope of the invention consisted in 20
creati ng?&h%%ﬁﬂﬁgggﬂéncy potential gradient in a gas under reduced

pret@ure. Di-f f er drigurepideta gepresentaton cofetiee KPP nepemliuy: okthe tplagkds i ons,
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phot ons n pract ree excitati re uenci es used to create this
plasma are i-n t hdigeig bradicdriistall ghtfe (&prﬁe@nhazlpntqfé@%aﬂo frequency range

(13.56 25 M) andobie!h Sooday AkanEPic rdbEntaliod i lighl; The plasm
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hi ghky rspeetriune SOTRESIntefads cdurhase fMahetsere PfaelCWp@na&d‘lﬁdﬁ'tg ftacehe of the
substrat.e, lncI uding: 30 - cleaning of the surface, by elimnation of

organic IR nants, stripping which renbves surface |layers by creating a
certain - Figure 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 N, or NH3
or Ny+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
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reducti rfEubbe metallic ions can be | n|t|al ised. If the substrate is non-
conductlve as in the case of CFO yners, i S necessary to produce
nucl eati on 25 site® matat st Ky 'ttcmar"é'oﬁu 9 £%s done by fixing a salt

of asnetal of. group Mider: §66DAT ﬁi/béé% pHd, lﬂ@ﬂmélﬂeﬁzééf to be able to
initiate the dep05|t|on reaction nsequently, such an approach has been

i npl emented im thedSHAMESTON in order to nodify the surface of the
substrate by .a pl agpy tRMtBE Nnd; ‘Thus according to the invention, by
subj ecting a substrate, gart i 'cul ar | y a 30 connection elenent consisting of

a pol ymer to a pl a3 REHESE)PE 3¢ * NH3 or

The 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 NH3 or

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

then immersed in a bath of palladium: PdCIl, or PdSO,, 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
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described 35 previously to begin. A first advantage of the process of the
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salt of copgentrated Oﬂbreft%ﬁo@i‘t\lacﬁwngathﬁéﬁe?qrémqtéﬁﬁjm ﬁ@d%[g@nPP igise the
sequest erbalishAIEBONdibnst he metal lic ion and a stabilising conpound to

he Used o Bat hs CRRRIFSREIBANBISRHDRINALAA 1 IOF st bath 1o doposit
ni ckel : Enplate Ni@23§ flow: 10 to 1000 sccm;

20 - Gases used: NHs, N3, (H2+N3) 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/icm2.

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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Rinsing. 25 In order to degrease the parts, for exanple plastic connector
boxes arlnmersieadfarmn aanariabler SN wanending en tthes deaiedr thickngssapkal i ne
degigasghetldd h containing a surfactant and sodi um hydroxi de. Baths

cont ai ni ng t'he hypophaosphite and the nickel are each brought to a .
The Electroless metallising procedure may be summarised as follows in

exemplary manner for a substrate of PBT+30% fibreglass:

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

20 - Immersion in the PdClI; bath
- Rinsing: distilled water
- Immersion in the hypophosphite or formaldehyde bath
- Immersion in the metallisation bath
- Rinsing.

25 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
temperature between 50 and 65°C. After the grafting of nitrogenous functions

30 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
the grafted substrates to the direct action of a reducer (immersion in a

35 hypophosphite bath) or to the action of the metallisation bath itself (bath
containing hypophosphite).

The surfaces thus prepared are then analysed. To characterise the
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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
its substrate. A cylindrical contact block made from aluminium is glued to the

25 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
characterise the adhesion:

30 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
boxes coated for example with a metal layer forming unconnected conductive

35 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
or environmental stresses such as are encountered in a car for example. The
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t herefore studi ed each of these plasma trea par anet er s:
t r eat nerfdustpially PR€agener at or power, the gas flow and pressure. In order to

opt gi se the par anetpr(fqo ér?@talpbéﬁlﬁ?er?{%ll@ajaihagwfdll akdiRe surface of each

of the sanples tr ed_hy asur| ng t ttin ngl e and by XPS anal ysi s.
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We have therefore studied each of these plasma treatment parameters:
20 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
We studied the influence of the treatment time, the power, the gas flow
25 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
depending on the parameter studied.

30 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
initiation of a metallic deposition on the sample for this type of polymer are:

35 - Treatment time: 240 seconds

- Gas type: Nz (95 %) + Ne (5 %)

- Power 0.2 to 0.3 W/cm?
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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
immersed for 4 minutes in the PdCI, bath, then rinsed in water. Knowing the

20 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
the chart below. The values given correspond to the atomic percentages.

25
Samples %C %0 %N %Pd %CI
PBT with treatment T1 67 23 5.8 3 1.2
PBT with treatment T2 679 | 23.0 | 3.6 3.2 0.5
We note that treatment T1 grafts more nitrogen than treatment T2 but
that the level of grafted palladium remains equivalent.
LCP Substrates
30 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
treated samples.

35 We performed summaries of the wetting angles for the different



Sampl es %C % YN %°d %CI PBT with treatnent Tl 67 23 5.8 3 1.2 PBT with
treatnent T2 67.9 23.0 3.6 3.2 0.5 W note that treatnent Tl grafts nore

ni t rogen wbag/103seat nent T2 but that the | evel of graftedppaldpasisozns r emai ns
equi val ent. LCP Substrates 30 In a second stage, we took the sane
measurenents on another polyner: LCP, after different plasma treatnents.
The connectors fabricated with this_gkastic are intended for very high
tenperature applications (continuous operation at 190C and soI dering at
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Frow - 260 SEONSY IF i AR 1018 EnelichinbRsiaure IR P Poai mont. 1 or LeP
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- Treat mapfyihd TRe iftiaish VIS metatitS dbYBStioNSh e adRRERt Sampl idk this W Cn2
type of polymer are:
15 - Treatment time: 20 seconds
- Gas type: N2 (96 %) + Ar (4 %)
- Power 0.15 to 0.20 W/cm?
- Flow: 200 sccm (ml/min)
- Pressure: 22 Pa
20 A second treatment for LCP (T4) with another gas also permits
initialisation of metallic deposition:

- Treatment time: 35 seconds

- Gas type: NH;
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 %O %N %Pd %ClI
LCP with treatment T3 66.5 21.7 7.2 3.4 1.2
LCP with treatment T4 67.1 22.4 6.7 2.9 0.9

The T4 treatment grafts less nitrogen and less palladium than T3, but it
35 s sufficient to trigger an adhesive metallic deposition on connectors made from
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tests of the netal to the substrate using the Scotch
tapt0t est and pul ItheesamspositibowddheyEntheneabatthmkpodiins of thee different

sanpl es, r ; ' [ 3] defined earlier (T1
o Tray PSP aRd oF tng B ol ior BFHRAIHE (ReMCAdsRnI Gt O et

conposi tions,- thdheissibstrategle@ining.di ff erent proportions of solutions A B
to mx. 20 Plasti §Fef?‘|7’ ; [ 0 cm/l
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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’/| 100 cm”/l
Solution B 50 cm”/l 100 cm”/|
Distilled water 900 cm’/l 800 cm”/I
For each type of bath we prepared solutions with different pH:
Plastic bath Standard bath
5.4 5.4
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 ym of
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rate: Wien the pHis increased fromb5.4 to 6.2 in the standard bath, the
deposition rate increases by 30 20 % 18s the pHis increased the deposition
rate increases also. If the pHis increased to values greater than 8, it
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El ectrol R n optional stage for the invention. It is possible to
prime tﬁ@'%%]a(fﬂz‘sths\g&teﬁ’at the nmetallisation of the 20 treated substrate may

begi n in the -sol utClessicrdeaniognyith isaprppanel andiremsssiendn tbarpirasoungrer sed
in an unppifmed bath were not netallised correctly, a zone of greater or

| esser size, in certain cases representing 90 % of the sanple surface

di spl ayed an Aisseprdu@ed dhedkrleaning &ynasoll BajaNgs imetdar Pogomppare feeir
cheqk caletiés&kefor®@BT ReEI QL. copper baths 25 tested. A first solution to

this probl emconsi s,},ed in_imrersing in the solution
No signi

icant difference asrevealed in the qualityaof deposits obtained
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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di spl acéchnibyrsibrd tewes | lfn Wi RIS efiov eVebirapandmédre PB Dellbwieayshnatesc e y, we
obt 3" ?Rﬁﬁeencée of the substrate on 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 PdCl, 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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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 pm to 4.58 um
- Deposit of electrochemical copper from 6 um to 9 um
30 - Second deposit of electrochemical nickel of 5.2 um for a final
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
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(Nm2) as shock test PBT 200 0.3 6.5 12.25 > 3,1 100 Wt hst ands
15 TABLE 1
TYPE 1
ISO
ASTM | 2409
NHs; |chemicalichemical chemical Electro Total D 5179 |Scotch DIN 53496
Substrate | Plasma | Nickel | Copper Nickel Chemical|thickness |Adhesion| test Thermal
(um) (Mm) (um) Nickel (Mm) Test (Hold
2 shock test
(um) (N/mm“) | as
%)
peT | 200 | o3 65 | 025 | 52 1225 | »31 | 100 |/Vithstands
sccm, 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 %
Table 2
20
TYPE 2
ISO
ASTM
o chemical Ci'ee;tircoal Ci'e;ti’g’al Total | D5179 szci?fh DIN 53496
Substrate asma Nickel © Thickness |Adhesion Thermal
N2 +Ne Copper | Nickel test
(um) (Mm) test shock test
(um) (um) 2, | (Hold
(N/mm?) in %)




sccm 100% LCP 25 Pa, 0.3 6.5 0.25 5.2 12.25 > 1.2 95 Wthstands 180W
100% SPS 90 0.3 6.5 0.25 5.2 12.25 > 1.8 100 Wthstands seconds, 1 100%
Tabl e 2 2000¥RE5528 ASTM | SO chemical Electro El ectro Tot al POTEPIZS2499 DI N
53496 Pl asma Chem cal Chem cal Scotch Substrate N2 +Ne Nickel Copper

Ni ckel Thi ckness Adhesion test Thermal (pm) (pm) (pm (pm test 2 (Hold
shock test (N mmin WO 03/105548 PCT/ EP03/50218 -22 PBT 0.87 9 5.2 15.07
> 2.6 100 Wthstands 100 200 sccm _Mthstands PBT 25 Pa, 4.58 6 5.2 15.78
> 2.4 100 t Wthstands 180 W Wthstafhds LCP 90 0.87 9 5.2 15.07 > 1 2
100 +W-thstands-seconds—11 |1 Withstands L CRP-4.58 6521578 > |
90 95%BTTABLE 3 TYPE) 87ASTM §SO R4092D N 53§H Chgmg:al E@@civvclﬁfﬁﬁ no
Total D 5179 Ther nnal Substrate Plasm Ni ckel Chenical Mooa%ds
Thi ¢kn Ac es ack NH3| Nigkel |t pm ef stan
Test CBl m%@ >T 0635 %52 e§57é 1%8‘8 Ng st and¥0 %009

PBT|1.5.10 §. 10 st s 100% 200 sc Nt hst aithstar@s | 25
Pa, | 4. QC% 5|2 1 igﬁ 100 %o %9 15079 592 Y488 y

Q,
secongs Wi:tlr?ot A)d
LCP 4.58 6 5.2 15.78 | >1.1 90 Stanas
95 %
5 TABLE 3
TYPE 3
ASTM 1150 2409| DIN 53496
) Electro D 5179
Chemical| Electro , Total . Scotch Thermal
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Substrate Nickel [Chemical ; Thickness test Shock
NH- Nickel test .
(Mm) Copper (Mm) (Hold in Test
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: Withstands

PBT 0.35 15 5.2 20.55 >2.1 100 100 %
PBT 15 10 5.2 167 | >23 | 100 |ViNer@nds
200 scem, Withstar:ds

PBT 25 Pa, 4.6 6 52 15.8 >2.45 100 100
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SPS 90 0.35 15 52 20.55 >2.06 100 3 95 o
seconds Withstands

SPS 1.5 10 52 16.7 >19 100 100 %
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100 %

For each sample, the initial thickness of nickel observed does not
significantly influence the maximum adhesion stress value. The Scotch tape
10 tests and the thermal shocks yield similar, positive results that confirm the
previous results and confirm that the process according to the invention creates
a true graft of attachment sites for the metal on the plastic substrate.
Similarly if we consider a thickness of electrochemical copper of 6 um,
we observe that the initial thickness of nickel does not affect the value of the
15  maximum adhesion stress.
We even carried out repeated activations, before metallisation, in cycles,



180 W SPS 90 0.35 15 5.2 20.55 > 2.05 100 Wthstands seconds a 95 % SPS
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 andwo 030@%d-or each sanple, the initial thickness ofrcairPk®ko2abser ved
does not significantly influence the maxi mum adhesi on stress val ue. The
Scotch tape 10 tests and the thermal shocks yield simlar, positive
results that confirmthe previous res@Bt-s and confirmthat the process
according to the invention creates a true graft of attachnent sites for
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before the whole is metallised. In this way, the SPS parts may be metallised

20 selectively. The form of the mechanical structure is sufficient to separate the

e

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
at the time of the metallisation in a bath with mixing reveals that PPS requires

25 120 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
the LCP is metallised. There too, the mechanical structure is sufficient to

30 separate the metallised zones from the non-metallised zones without using
material provided with catalytic charges nor including a metallisation precursor.

In the event that stirring the metallisation bath is stopped, the metallising
of PPS and LCP is immediate. In practice, stirring the bath retards the
metallisation of PPS if the stirrer speed is greater than 500 rpm. This is

35 because stirring introduces oxygen into the metallising solution. Oxygen
poisons the catalytic nuclei on the surface of the item made from plastic
material. An excess of oxygen deactivates the metallisation of the plastic since
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plasge, - the complel) ofnghhe?Bs MerRiRafSh R b¥drE YfiiRg e ore grafting,
- the duration of the metallising stage,
- the stirring rate of the metallisation bath,
- the temperature of the metallisation bath,
- the nature of the metallisation metal (nickel or copper).

25 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
conditions as before with remoulding techniques followed by subsequent
metallisation.

30 One example of a metallised bi-materials item is represented
schematically in figures 2A, 2B, 2C, the first material 1 to be metallised is
moulded in a first place, the second material 2, which must not react to the
metallising, is remoulded on the first material leaving zones 3 of the first
material exposed. The unit is then activated by nitrogenous plasma creating a

35 surface provided with activated sites.

Figure 3 shows a partial cross-section of a selective metallisation zone
having two metallic layers 5, 6 in which some zones have been suppressed in



20 - the waiting period after activation and before grafting, - the
duration of the netallising stage, - the stirring rate of the netallisation
bath, - wbe3stuessperature of the netallisation bath, - thepPcatrPo®s@2fist he
netal lisation nmetal (nickel or copper). 25 Al these paraneters can be
adapted according to the nature of the bi- conponent high tenperature

pol ymer materials retained and the typg-of netallising sought. These
processes are al so conpati ble under the sane conditions as before with

r emoul di ng techni ques foll owed by subsequent netallisation. 30 One exanple
of a nmetdPEf allaw apalysis af he ?\@X@'r@%%%@@ﬁ?@&- schematically in figures

2|A, ZB,tﬁC, chQui(f]cl-:i r4stsh@9ws<|ertlhéll gdnéral ts@et&&taaltdureédyibtﬁjedwt : Igﬁdttde{wla@trémrst_

pl ace, e seco a i C st .ho ea 0 e, Jetalli g, Is
r enoul dePEGHOMEETY Rggé%‘?regqpa%mq"@gﬁqg)g a?@ﬁe@“& %*asm% metalisation, e?d)@ll
exposed.scthe 200Ph, PO Weroarid ofade d CiFy subtratee TaisS gphasiepeceai stipves 35
surfsceeagrovi dedfvm't activgt ed sites. Figure gthshows a Eartfﬂ&l

cr 0s3- setPHEWRELPf ReakpeRerl 8 PRIPEITPPEIEN SIS RE NS, RIASEICEVY THEPEPIPYS | ayer s
5, 6 in mbietibbsseame peaks MawadbBebeingppemesedtativeVof 084rbdb548d oxygen

PCT/ EPO3/[ 5021 -25 order to allow analysis of the netal-plastic interface
4. Fi gurreg@ g%éﬁgp?%geggneral spectral curve yielded by photoel ectron

spect ronet ry A ERCAl of tkBScanval ysfighireabt eeniidd &h aseak Beabdws dhtéenisub200
sccm 2 , 0 f  sybsirate,. . Jhi n . shows
5 a nun‘gjeéroaigf.%geé\ﬁls, 4gegcgc%&b%@8&%5§g52&@g i\%e 2#[?‘? %g prégs%ﬁgggé{)%n

ni t 168geramiiyatiomipéasred, and peaks 7 and 9 being representative of carbon and

oxygen noi etg; SY T ToA M ; ' t . | e il cent red
on peak 8 al l%@gre{ ﬁr ee séué?défg'la’ﬁ%éj[ﬁ%@ érl]%TZé}fe({gge?\b?ﬁa@atQ{e%l%gﬁ{mmﬁ:ﬁch are
due to theunietoligiirslon a b P subsiratenby ke metaltisgtips BosasWaCEOERIGIP

cent red (B ihRSH AL PHisZO8iI bvERR AR badkem3 of4 cBnfHbN Qbbb ARMiIGM a PPS

substrate by the metailisation process according to the invention. fthis
detai | re\R¥ENg & iRPTeeaREAtNVS, shilf ebratadive/bivegeal Paadarthat Enelipeigdaby
r eppgsenhat préeesdidccoriingabl i IHVeRtibh 086fReBPBRGingRE al Stagédef tpdiis 15 the

process accor_dltn&to the i nvention, corresponding to a statistical analysis
shown i PAWUINETIGUreH .qure 8 represents a schematic view of a part created

by the procesmigussofepragetite 4 Rehemegiat view of arpaibaedbasheproaeesi al 20
has beenacré%trc?llngltgetﬂ'e 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
20 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,
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

25 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.

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

30 metallised such as rim 26 and outside circumference 27 with one or more
masking elements such as are known in the prior art, and then placed in the
plasma activation apparatus. Because of the process according to the
invention, even the hidden zones such as the traversing holes are activated and
may be included in the palladium graft and the creation of palladium - nitrogen

35 bonds to form attachment sites for the metallisation when immersed in the
palladium bath.

The part is then immersed in the metallisation bath or a series of



This part 20 may be for exanple a half-housing including a rim 26, an
external 20 circunference 27, one or nore contact blocks 28, an internal
partiti orwPd3/163548 ext ernal surface 30, an internal surfac®C3EPOTM2$8 housi ng
includes netallised zones 21, 22, 23a to 23c, 24, 25, 32, zone 21 forns a
part of the insulation, zones 24 are netallised connection paths, zones
23a to 23c are internal contact bl ockgeconnected to insulation 21 25 by
netal lised traversing holes 22, these contact bl ocks for internal
connection allow ng the provision of earthing points or heat sink contact

bl ocks, melgdiszgiont drathagtanokigienthermetallised Byvere deseliRednpreyviaishal
earth C%@%lhﬁgo thi H‘H‘iéi@lreské’s RUREBRSfdrNtihe @8Sited {HMRIAWDH FibtionPyr ged for

exanple In terial such PBT, is covered beforehand on the zones that
are not fenctin oBouraRbEenducdioBuch as rim 26 and outside circunference 27

wi th one or nﬁrcﬁdga&kkétﬂ;@ HEEOH mﬂy @f&h@rmagn ‘g’bpbeﬂatlbﬁ T Qbsglble and
t hen_pl aced

as activation ap use, of th ocC
accoPdi g mgtag\H%e 'PWBﬁ't ?%F? %éVHHIfPHalthFg%g g‘ir@@ys Re ¢ipd ?‘5) SI ng
hol es ar@nesdti mtc(kd asd to@BchendynWeldeslatarl tdre thial irdinan Gcef B1and 4 he
creation of aII ﬂ%ﬂ% L%‘ EeF 3? bonds to formattachnent sites for the
net al | | SAPP Y§ Qb @SPhSYHEYHS | adi um bath. The part is then
i mmersed in t‘If‘raJsmthal ﬂ)no@eésoand)qbérmrot&asmd ﬁser@foyV\ﬁ)aSISbeBM&ed in a

PCT/ EPO3/ 5 26 net al I|s b t d yers
descri bi(?’%ﬁ%\ﬁ%%?ryan H‘c'&% ﬂ’bar?héoqeﬁ%g% é%'ngﬁf)gﬁ%%é'of %?t ?'Illfg "Yesi red
i nsdl at i“highf tevopecatuce” MerldlsnadaMedofo ¢mulwsr;tnal ceadwithi arhigh nechdieal t o
reduce tgﬁnﬁﬁggheX|ty of the masking operation, it is possible 5 to

metal | i & nal face 31 uniformy, paths 24 may then be created and
contact bl ocks 23a to 23c may be isolated on this internal face 31 in a
suppl enentary stage of |aser structuring. Thus the process and parts

obtai ned thereby may be realised in a flexible manner and in less tine

t han processes according to the prior art and in 10 "high tenperature”
materials adapted to industrial use with a high technical conponent. WO
03/ 105548 .27- PCT/EP03/50218 CLAIMS 1. A plastic part at |east partially
coated with a netallic deposit including: 5 - a first non-netallised
plastic material (2), a second plastic material (1) at |least partially
coated by the



metallic deposit, characterised in that: - the netallic deposition includes
attachnment sites including nitrogenous noieties and palladium noieties at
the interWwams/1¢#¥swith the 10 second rial, includes a&cfrinpss/sd2a8er (5),
called the initial layer having a firsf hlckness i ncl udes at | east one
second |l ayer (6), called the external |ayer haV|ng a second thickness, the
first and second plastic materials begpgyfgyoid of netallic or catalytic
charges. 15 2. The part according to ctaim1, characterized in that the
interface is constituted on the second material by means of a plasma

activation of qat 'eﬂsfjlaét i ugq?eé}ﬁlt % éfrc&deﬂ@@dvﬁt}h 'méféal (gépbg'l?

part in a bath of ion t~ accordi ng
char act emcrhe(dingn that this pI asma 20 actlvatlon i s conducted on the two

ot oP al 6. 4. “the parrouidaThbRIicE Blastlh sRRRHAFIDN &Fi Lea i n t nit the
pl asma activation atcsemamdsptdmld woateriadr (B @t kastapartially coaedgbyothene

of the mattegl al s be [ nt Bﬂtween the activation and the
i nmer si oH'®'g 'Csdeﬁ%l qraé: #-claim4, characterised in that the

deactivation stage the ammallicngd@pogmong lﬁtﬁﬂﬁes 6atf5¢¢lrﬁ@ht aeor dn@l@lld’l@g
claim 2, characterlsed in that th ﬁ | asma .activation is %Ifone 2 n

mat er i al SIrREERRYS | HOieHRT | @7d gpe ﬁg'uén chigties aHéE@sl"ttP ACE 3)3 ith the
Suba@quegécbﬁdtrh@téﬁalenﬁeh@e%f atfitet Pajdr @ tO R ifidhl wémha@mgbgthsto

formthe 1nit |'ayer on only one of néﬁastlc material s. art
accor di n§j‘l|€>l§nﬁ$§' mcluﬁ@spab\}eaa% Qﬂealste@o dayen £6).sedlled thﬁh@mmlflaw@t

and secng [ﬁ@'{/?rse%b%da{h‘? lﬁ#@ss&en fromSPS, LCP, PBT, PPS materials and the

various cata ically unc argéd grades thereof. 8. The part accordin ag
any of the previousthd firstsandsecanadplasiic imatesimls thainghdevoidsof ametadisc ond

pl astic gg#q t:l@h]ﬁ @ég} after treatnent a not- netallisable/netallisable
pair cho Yi%eH'? PS; PBT/LCP; PBT/SPS; PPS/ LCP; PPS/ SPS; PBT/SPS. WD
03/ 135548 - 28 2 PCT/ ERe Ji&r02t808dinghte glamh ‘hahardicterized amyhatftheheterfaceds ng
cl ai s, char er| se i n_tha ernal | a r.eat

ol oct rochBnPRERERTbIe oot aidBrgl bYaiBRns¥ER pyasiia Bckinton o atisast,
accor di nthisosecyn@f nidteriaf doidiveg dyaimmmersion act ehespdrt mia bdt dfhipnic

t hi ckness ﬁf the initial layer is between 0.3 pmand 1.5 m and in that
the ext ePR4PIUEer has a thi ckness between 4 gmand 30 m

3. The part according to claim 2, characterised in that this plasma
20 activation is conducted on the two plastic materials for a duration so as to
activate only one of plastic materials.

4. The part according to claim 3, characterised in that the plasma
activation activates the two materials, a deactivation stage of one of the
materials being interposed between the activation and the immersion.

25 5. The part according to claim 4, characterised in that the
deactivation stage is a waiting or aging stage.

6. The part according to claim 2, characterised in that the plasma
activation is done on both materials, oxygen is supplied during a chemical
deposition stage subsequent to the immersion of the part in the ionic palladium

30 bath to form the initial layer on only one of the plastic materials.

7. The part according to any of the previous claims, characterised in
that the first and second materials are chosen from SPS, LCP, PBT, PPS
materials and the various catalytically uncharged grades thereof.

8. The part according to any of the previous claims, characterised in

35 that the first and second plastic materials form after treatment a not-
metallisable/metallisable pair chosen from LCP/SPS; PBT/LCP; PBT/SPS;
PPS/LCP; PPS/SPS; PBT/SPS.



11. The part according to any of the preceding clains, characterised in
that the adhesive force of the deposit on the second plastic material is
greater twarosfiostssm?. 10 12. The part aég)rdi ng to cl ai m PCI/RPoas@as eri sed
in that the adhesive force of the depo&™~on the second plastic materi al
Is greater than 2 NNm®2. 13. The part according to any of the preceding

putling off Sne. dopigiRadACdd, 8 ahIZRE Myei ARGEIRBLCRG, PafldEhepd

peaks (18.tha0.thkl exi@indlSagerriesoreatiot) byo eledtroonamieatidesositienk of (4 dnetd)

corresponding to palladium noieties, and displays a shift of peaks (13,
14) coSH@Qp@g&i%ﬁpor@ nigkebal | adi um noieties specific to PdNx bonds.
1

0. The part according to any of the preceding claims, characterised
5 in that the thickness of the initial layer is between 0.3 um and 1.5 um, and in
that the external layer has a thickness between 4 um and 30 pm.

11.  The part according to any of the preceding claims, characterised
in that the adhesive force of the deposit on the second plastic material is
greater than 1 N/mm?.

10 12.  The part according to claim 11, characterised in that the adhesive
force of the deposit on the second plastic material is greater than 2 N/mm?.

13. The part according to any of the preceding claims, characterised
in that the surface of the second material after pulling off the deposition
presents an analysis spectrum having at least peaks (8, 10, 11, 12)

15  corresponding to nitrogen moieties, peaks (13, 14) corresponding to palladium
moieties, and displays a shift of peaks (13, 14) corresponding to the palladium
moieties specific to PAN, bonds.



