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conprising conducting tracks, pads an ' las and the use of this
process for the production of primmwmu Mﬁ(ﬂﬁms and of multilayer nodul es
having a high integration density

nrelates to an inproved

process for roducin€3an I nt er connect*1®i™cuitry having a high integration

density and

np? {51 &

context of the invention, the term "mcrovias" is understood to nean
m croconnections passing right through the thickness of a dielectric
layer. Wthi prbbesel gekr pRodaching! d cikeuetry 2ombribingdcoadacdsngpti mum
product mniaturization and towards increasing performance in terns of
speed. These trazikis, gppads caredimizdssivizs tdred geloevi uge use tHis pwiamess nount ed
conmponents such as BGA/ CGA, CSP or other flip- chip conmponents. 20

I ntegration

densi forathenpireddetirabbé pmintedeeidicmansi end: offoth in an

axial direction by successively stacking ever thinner dielectric/copper

| ayers, in ordeliilagpninedulas thavwing a drigh nintregratior dengiedii cul ar

this direction by bringing ever 25 finer tracks and pads cl oser together.

The procéess

10

15

20

25

of the invention neets these

The invention relates to an improved process
for producing an interconnect circuitry having a high
integration density and comprising conducting tracks,
pads and microvias.

Within the context of the invention, the term
“microvias” is understood to mean microconnections
passing right through the thickness of a dielectric
layer.

Within the electronics field, there is a
trend towards optimum product miniaturization and
towards increasing performance in terms of speed. These
trends are accentuated by the growing use of surface-
mounted components such as BGA/CGA, CSP or other flip-
chip components.

Integration densification is desirable in
three dimensions: both in an axial direction by
successively stacking ever thinner dielectric/copper
layers, in order to obtain a multilayer, and in the
plane perpendicular to this direction by bringing ever
finer tracks and pads closer together.

The process of the invention meets these

requirements by producing a “fine line” circuitry

vuvue

L

LAl Ta VT

conducting tracks, pads and mEFIABREL/0F4%H n t he

to



requi renents by producing a "fine line" circuitry . 2 characterized by
track and intertrack widths of less than 100 pm and hole or via dianeters
of less than 100 pm Moreover, this process ensures excellent 5 adhesion
of the metal layers to the dielectric substrate and limts the underetching
phenonena, that is to say it prevents non-uniformetching at the

m crovias. The process of the inventionjgis furthernore 10 econonically
advant ageous in so far as it sinplifies the overall procedure for

netal | i zi ng ¢herytesripedsbyapdatkagks DytéetdsbRgwi8EnsUSbELe9E St eps.
According to a first of its aspects, the invention provides a process for

form ng and tp&n 1500epml &ndi hgldl bndvhal @sameteatrsro¥i asssntdadi el ectric
covering a first circuitry level or a first nmetallized |ayer, wthout any
damage to the08apm.first circuitry level or to the said first netallized
| ayer. A convention process in the prior art 20 consists in carrying out
t he succession of the MpuedvRk ngtvas i PugCesepensures chkagl &adt possi bl y
oxidizing a netallized |ayer supported bg a dielectric (RCC arrangenent);
- cuttin% onddiyes heR eCfi ERBVIAEai nlepers to the dielectric

substrate and limits the underetching phenomena, that
is to say it prevents non-uniform etching at the
microvias.
The process of the invention is furthermore
10 economically advantageous in so far as it simplifies
the overall procedure for metallizing the vias, pads
and tracks by reducing the number of steps.
According to a first of its aspects, the
invention provides a process for forming and for
15 metallizing blind holes or microvias in a dielectric
covering a first circuitry level or a first metallized
layer, without any damage to the said first circuitry
level or to the said first metallized layer.
A convention process in the prior art
20 consists in carrying out the succession of the
following various steps:
- etching and possibly oxidizing a metallized
layer supported by a dielectric (RCC arrangement);
- cutting one or more microvias in the
25 dielectric at the places where the metal layer has been
etched and oxidized;
- carrying out a surface treatment by

oxidizing acid pickling (or stripping) in order to



25 dielectric at the places where the netal |ayer has been etched and

oxi di zed; - carrying out a surface treatnment by oxidizing acid pickling
(or stripping) in order to 3 pronote the subsequent bondi ng of netal
particles; - sensitizing and activating the resulting surface, the

sensitization generally being carried out by imersion in an acid solution
of a stannous salt; 5 and the activation possibly being carried out by

di pping in an aqueous solution of a palladiumsalt; - electrolessly

metal | i zi ng phembesuthénguBstiahednsnaingeorther 8l cpavtagiakso being
metallized during this operation; 10 - possibly reinforcing the netal

| ayer obtai ned by subsegugsitelessrohgtactiredal hgzaheéonesultdiygng and
brushing the resulting surface; - coating the part formng the

i nt erconnect sucfacej tthewse¢hsatpzatiechi genényety bdenglSarreédhony t he
unprotected netal. EP 82 094 al so describes a sinplified process for

met al | i zi ng prasnhersubst iates aaidhfehubhonedbEcarstannguinsalbti ng
substrate is firstly formed by conmbining a polynmer resin with copper oxide
particle® 28nghEheadct&v’dticgpneodsiphe Raprousabkiae Preskit in the said
resin is reduced to netallic copper,_and then the _desired netal layer is
deposited, tHAEPRANE PP oRBRSERIUBRIRGSBRLPEEPRI Py RHBFuLEdt+PBed?ihi that t he

reduction to metallic_cgpper e caitled oyt by She,2cLion ol

activated surface, the microvias also being metallized
during this operation;
10 - possibly reinforcing the metal layer

obtained by subsequent electrolytic metallization;

drying and brushing the resulting surface;

coating the part forming the interconnect
circuitry with a protective layer; then
15 - etching the unprotected metal.

EP 82 094 also describes a simplified process
for metallizing plastic substrates in which an
electrically insulating substrate is firstly formed by
combining a polymer resin with copper oxide particles,

20 then at least some of the cuprous oxide present in the
said resin is reduced to metallic copper, and then the
desired metal layer is deposited, the said process
being especially characterized in that the reduction to
metallic copper is carried out by the action of a

25 borohydride and in that it comprises neither an
activation step nor a sensitization step.

The fabrication of interconnect circuitries

obtained from the metallized element obtained by



25 borohydride and in that it conprises neither an activation step nor a
sensitization step. The fabrication of interconnect circuitries obtained
fromthe netallized el ement obtained by 4 inplenenting the process of EP
82094 involves steps simlar to those described above, especially for the
purpose of formng blind vias. Surprisingly, the inventors have devel oped a
5 process allow ng interconnects (trackg, pads and mcrovias) to be '
rapidly fornmed on the surface of a dielectric for the purpose of producing

integrated shprethdseimyi thebrddssd tor anel grd 94 | Byeslv@subesps having a
hi gh integration density. This process, apart 10 fromits ease of

i npl ement at i ®imibhas tdhetlsvandegesilodd Sodvell yespehdal g fde clopper to the
surface of the dielectric and of optinmally mniaturizing the mcrovias.
More speci fipatpysetde Ppoocess mfindevildsi nvention makes it possible to
produce an interconnect circuitry conprising conducting tracks, pads and
m crovi as, on the uppefuxpristegby, athk el megntiers dored sieveleped pol yner
matrix, of a conpound capabl e of inducing subsequent netallization and,
wher e 20 Sap@epreat 21l PV bp@ DrLeRrRIRR ey , (WerCckdndRREs mPdnd inert,
fillers, the said dielectric covering a circuitry level or a netallized
| ayer, by inpteR@ntdfg £ e stapsdtons Si¢h PR nthgssurface of a

dielectric for the purpose of producing integrated
circuits, printed circuits and multilayer modules
having a high integration density. This process, apart
10 from its ease of implementation, has the advantages of
solidly anchoring the copper to the surface of the
dielectric and of optimally miniaturizing the
microvias.
More specifically, the process of the
15 invention makes it possible to produce an interconnect
circuitry comprising conducting tracks, pads and
microvias, on the upper surface of a dielectric
consisting of a polymer matrix, of a compound capable
of inducing subsequent metallization and, where
20 appropriate, of one or more other, non-conducting and
inert, fillers, the said dielectric covering a
circuitry level or a metallized layer, by implementing
the steps consisting in:
A) drilling right through the said
25 dielectric without drilling the subjacent
metallized layer or the subjacent circuitry
level so as to form one or more microvias at

the desired locations;



A) drilling right through the said dielectric without drilling the
subjacent netallized |ayer or the subjacent circuitry |level so as to form
one or nore mcrovias at the desired locations; 5 B) form ng, by

netal lization, nmetal tracks, pads and mcrovias on the surface of the
dielectric and of the mcrovias with the use of selective protection by
deposition of a 5 protective layer. Thescircuitries are obtained by
stacking and drilling |ayers and/or deposits of nmaterials of various

types on defined partsp) ThusormBhg) by asksalDagstans, mee€sdvidscse forned
whi ch are separated in places and 10 supported by |ayers of dielectric. The

tracks, pads and m cropads &0dMmbdrovhiercontiestserfacetsy. tibe tracks are
circuitry parts positioned on the surface of a dielectric. They are
generally in the 15 foieleétthcnahdnes. tibemicrovidasiestiactioedisg to the
invention may conprise several circuitry levels. Each circuitry |evel
corresponds to a nunbepf sélechike proteéetsonfhyedepoaidieneetrac. The
circuitry 20 levels are therefore separated by a |ayer of dielectric,
with, inYlaces, netalPeoh@aetivensa¥efween the |evels. These netal

connections between two or nore, levels are called mcrovias. The pads
correspond to a The circuitries are obtained by stacking and

drilling layers and/or deposits of materials of various
types on defined parts. Thus, metal tracks, pads and
microvias are formed which are separated in places and
10 supported by layers of dielectric.
The tracks, pads and microvias form an
interconnect circuitry.
The tracks are circuitry parts positioned on
the surface of a dielectric. They are generally in the
15 form of thin lines.
The circuitries according to the invention
may comprise several circuitry levels.
Each circuitry level corresponds to a number
of tracks on the surface of a dielectric. The circuitry
20 levels are therefore separated by a layer of
dielectric, with, in places, metal connections between
the levels. These metal connections between two or more
levels are called microvias. The pads correspond to a
widening of a metal deposit in the regions where the
25 microvias open out. Such structures are known to those
skilled in the art.
According to the invention, the tracks, pads

and microvias are formed on the upper surface of a



wi dening of a netal deposit in the regions where the 25 m crovias open out.
Such structures are known to those skilled in the art. According to the
invention, the tracks, pads and mcrovias are fornmed on the upper surface
of a 6 dielectric which contains a conpound capable of inducing
subsequent netallization. The dielectric covers a circuitry level (a |ower
circuitry level) or a netallized layerg 5 The dielectric may be placed on
the circuitry level or on the netallized layer in liquid form undergoing

subsequent s@idrddi£ad ihcH todyaths$ 0 ReompPPhd eshpabide.f orm of a solid
| am nated product. In the latter case, it is possible to use a two-Iayer

10 | am nat edi pdwsliied COPEEdnse ity et HNEL 54 oo, | Byerdd1dderisai d dielectric
cont ai ni ng the conpound capabl e of inducing subsequent netallization and
on the ot hercoveles a aeta@litayeledCOa Idwet voit@yetry argwal edbpraoduct is
applied to the circuitry level or to the netallized 15 | ayer so that the

si de cont ai metat hiezednoogewd. capabl e  of i nduci ng subsequent netal lization
covers the circuitry level or the netallized |layer, and the netal |ayer
is renovéd fromthe | dhnadiilerooictnay dre rikaegt eobytles ohirguitits, a
dielectric surface is 20 obtai ned which nmakes the peel force of the netal
deposits (triR¥&l avd Paddye ik et W 392 b ¥F gl e ednfomarticul arly hi gh.

This technique is often called "' ful et ching".
(Lndergoing sébsequent soiidi icatf%n. It may also be

applied in the form of a solid laminated product. In
the latter case, it is possible to use a two-layer

10 laminated product comprising on one side a layer of the
said dielectric containing the compound capable of
inducing subsequent metallization and on the other side
a metal layer (RCC). The two-layer laminated product is
applied to the circuitry level or to the metallized

15 layer so that the side containing the compound capable
of inducing subsequent metallization covers the
circuitry level or the metallized layer, and the metal
layer is removed from the laminated product, for
example by etching. Thus, a dielectric surface is

20 obtained which makes the peel force of the metal
deposits (tracks and pads) which will be formed thereon
particularly high. This technique is often called “full
etching”.

The circuitry level covered by the dielectric

25 may itself be produced by a process according to the
invention. It may also be produced according to another
process. For example, it may be a printed circuit

comprising one or more levels on a rigid or flexible



The circuitry level covered by the dielectric 25 may itself be produced by
a process according to the invention. It may al so be produced according to
anot her process. For exanple, it nmay be a printed circuit conprising one
or nore levels on arigid or flexible 7 support, possibly with conducting
vias. As regards the support, this may, for exanple, be an

i'nj ecti on-noul ded insulating nateri al e a conposite materi al

conventional in the field of printed circuits. Mention 5 may be made, for

exanpl e, of syppetts PasedL0p wepPRx¥bahaseifihbless. | AsMR¥gheqa dhel ectric
whi ch includes a web of non-woven fibres or a paper inpregnated with

dielectric rgﬁbporihetni§3ﬁa?e obrt 8Bgamped, Obef LRI €65 0E L 0bntheupapgear
ensures good uniformty 10 of the thermal expansion coefficients (TECs).
Particul arl yiadubataggonstyribbeosupposiposite mebeedasi sti ng of non-woven
aramd (a commercial aromatic polyam de) fibres preinpregnated with an
epoxy resingcomvehtaopalyim teer Esehdoofwpthntedl ehdcoftshedentbonesi ns.
Better still, these aramd fibres (which are preferably neta-aramd
fibres, faramayahednéaiderefoorenampigi upé stippochsfbbsed)ocare prei npregnated
with a functionaiized polyam deimde resin (functionalized wth

heat - cr ossl| i ARaBYéIEAsH EaPraa; t 5F. maKi Be2d dinterbrari vAifbn may be
achieved with double bonds or wth naleim de groups such as those defined
in patent EPrEL3865886WEP ©5 ROB2VOYHD. L ABTARt AHeBUBRHSTt he web conpri ses

0 .
35 to 60A)byi£§28853t8é6&5£§b5Yeiégg}fé %gsin. The presence of the

web of fibres or of the paper ensures good uniformity
10 of the thermal expansion coefficients (TECs).
Particularly advantageously, the support is a
web consisting of non-woven aramid (a commercial
aromatic polyamide) fibres preimpregnated with an epoxy
resin, with a polyimide resin or with a blend of these
15 resins. Better still, these aramid fibres (which are
preferably meta-aramid fibres, para-aramid fibres or a
mixture of such fibres) are preimpregnated with a
fuﬁctionalized polyamideimide resin (functionalized
with heat-crosslinkable chemical units). This
20 functionalization may be achieved with double bonds or
with maleimide groups such as those defined in patent
EP 0O 336 856 or US 4 927 900. Advantageously, the web
comprises 35 to 60% by weight, preferably from 44 to
55% by weight and better still from 40 to 50% by
25 weight, for example 47% by weight, of dielectric resin.
By way of example, the thickness of the web
varies between 10 and 70 um, preferably between 15 and

50 pm and better still between 20 and 40 um.



55% by wei ght and better still from40 to 50% by 25 wei ght, for exanple 47%
by weight, of dielectric resin. By way of exanple, the thickness of the
web varies between 10 and 70 pm preferably between 15 and 50 pm and
better still between 20 and 40 pm 8 1In general, its grammage varies
between 10 and 50 g/m 2 and better still between 15 and 40 g/M2. It should
be pointed out that the circuitries obgained by the process according to
the invention may 5 be produced on one or both sides. During step A), the

dielectric is drilled rxi etdi OUGHs SQrAtmd Ge P4 M LN OF w&DR €1 ¢V Crovi as at

the desired locations, without drilling the Subjacent «circuitry level or
the subj aceninares@l §/reddayittethe thQ M ebars 1& arsubseqyedt |y
netallized so as to nake connections through the dielectric. The drilling

may be carried out convestiowhdl by, pdinpddsomt othdasetie ¢hechattiss

techni que being much preferred in so far as it results 15 in substantially
smal | er m croviaimkdney etlse grdocead $ ot oor driemd el yting ghrevenit i dh imay r at es.
Anong the | asers that can be used, nmention may be made of YAG | asers, C02
| asers, donthacpradi@eadon|ererar detkxeldes. | asers. A person skilled in
the art 20 will easily know how to select the appropriate |aser depending
on the dielectric to bRUEPY|TEEP Bty SRRcEEELeQE¥ERtIDMARR512® be paid to

the final drilling step, given that the subjacent netallized | ayer or the
right "through so as to form one Or more microvias at

the desired locations, without drilling the subjacent
circuitry level or the subjacent metallized layer. The

10 microvias are subsequently metallized so as to make
connections through the dielectric.

The drilling may be carried out
conventionally, by plasma or laser, the latter
technique being much preferred in so far as it results

15 in substantially smaller microvia diameters and
allowing markedly higher drilling rates.

Among the lasers that can be used, mention
may be made of YAG lasers, CO, lasers, combined YAG/CO,
lasers and excimer lasers. A person skilled in the art

20 will easily know how to select the appropriate laser
depending on the dielectric to be drilled. Very special
attention has to be paid to the final drilling step,
given that the subjacent metallized layer or the
subjacent circuitry level must remain intact.

25 A CO, laser operating at wavelengths of
9300 nm to 10600 nm is particularly preferred for
impleménting step A) in so far as it allows the

dielectric to be selectively drilled without touching



subjacent circuitry level nust remain intact. 25 A CO2 | aser operating at
wavel engths of 9300 nmto 10600 nmis particularly preferred for

i npl enenting step A) in so far as it allows the dielectric to be
selectively drilled without touching 9 the subjacent netal |ayer and

wi t hout any additional adjustnment being necessary, the netal |ayer not
being attacked by the C02 |aser. The dgill'ing speed of the CO2 |aser,
which is greater than that of a YAG laser, also 5 nakes this drilling

t echni que pa{ltxéCé‘uﬁﬁéé‘en@dﬂ{@ﬂéﬁgﬁé’%‘ér A XA L RSEE éﬁy'é‘d&b£§oﬁ§§e mor e
difficult to wuse since it may d t he subjacent netallized | ayer and

may require @dﬂ%ﬁbﬁxﬂeﬁ@%éﬁhg0ﬁe&@§s§1£yl | tng AOtQpPerayésmbd bésngi nal
phase. Preferabl the mcrovia diameter is greater than the thickness of

t he diel ect ra’attadilqedn]gystheqa 6), Ieteat. tThee kdyilplaidsy aapkedriafl dbiaaL®r e
formed, by netallization, on the surface 15 of the dielectric and of the
m crovi as. Tbaslerf hwsjickelectroaeterotieahi that soénpl vh@dlabgrdepbsoti on of a
protective |ayer. The processes for formng netal interconnects with

sel ective® proakesi bhispdriltihartgchhbyqueaparbicalahbyosensitive resin, are
known to those 20 skilled in the art. In particular, nention nmay be nade

of the pattep@dvappadppagesses and the panel -type processes. In the case of

t he process according to the. invention, nmetallization of the dielectric is
made YAG laser is 1in this case more difficult to

use since it may drill the subjacent metallized layer
and may require precise control of the drilling
10 operation in its final phase.
Preferably, the microvia diameter is greater
than the thickness of the dielectric.
During step B), metal tracks, pads and
microvias are formed, by metallization, on the surface
15 of the dielectric and of the microvias. To do this,
selective protection is employed, by deposition of a
protective layer. The processes for forming metal
interconnects with selective protection, particularly
by means of a photosensitive resin, are known to those
20 skilled in the art. In particular, mention may be made
of the pattern-type processes and the panel-type
processes. In the case of the process according to the
invention, metallization of the dielectric is made
possible owing to the compound capable of inducing
25 subsequent metallization, and possibly to a suitable
treatment prior to the metallization, for example a
treatment resulting in the formation of a sublayer

capable of being metallized. Methods of forming such a



possi ble owing to the conmpound capabl e of inducing 25 subsequent

nmetal lization, and possibly to a suitable treatnent prior to the
netallization, for exanple a treatnent resulting in the formation of a
subl ayer capable of being netallized. Methods of form ng such a 10

subl ayer will be explained in detail later. Step B) may itself conprise
several steps. Several nethods of inpl ntation corresponding to
sequences of different steps will be explained in 5 detail. Wth regard to

the compounce,Gapale 11 |HEUCHICk s Ceab Rt aldiZation, this i

preferably 1nt ormof particles of a nmetal oxide chosen from Cu, Co,

Cr, Cd, N, Pb, Sb ands&fp 0xj dRsy antsdl Kt eb@sr 16 therepdl Hesps cl es of
cuprous oxide CU20 are nost particularly preferred. Wth regard to the
met al oxi de s&xsefal tiéshodst obeimml éentHE Mowfcorpdipondity particles; the
particle size is generally between 0.1 and 5 pm The presence of netal

oxi de parti ctesuéemcédeofiSdif Bdeeht i stalesrenkskbsbe hexpheimed Expansi on
coefficient isotropically, while at the sane tinme favouring heat
transfer.5 Thédetahbound capabl e of inducing subsequent netallization may
al so be an organonetal lic conpound. 20 Wth regard to the polynmer matri x,
this is a dielectric,Withatr¢gard saythe ¢empowedre¢aralple ¢hsul ating. The

nature of this material is not critical according to the invention.
inducing subsequent metallization, this is preferably

in the form of particles of a metal oxide chosen from
Cu, Co, Cr, Cd, Ni, Pb, Sb and Sn oxides and mixtures
10 thereof. Particles of cuprous oxide Cu,0O are most
particularly preferred. With regard to the metal oxide
used, this must be in the form of small-sized
particles; the particle size is generally between 0.1
and 5 pym. The presence of metal oxide particles in the
15 dielectric decreases the thermal expansion coefficient
isotropically, while at the same time favouring heat
transfer.
The compound capable of inducing subsequent
metallization may also be an organometallic compound.
20 With regard to the polymer matrix, this is a
dielectric, that is to say it is electrically
insulating. The nature of this material is not critical
according to the invention.
Preferably, it is a thermoplastic polymer, a
25 thermosetting resin or a blend of such constituents.
As examples of thermoplastic polymers,
mention may be made of polymers of the type comprising

polyolefins, polyvinyls, polystyrenes, polyamides and



Preferably, it is a thernoplastic polyner, a 25 thernosetting resin or a
bl end of such constituents. As exanples of thernoplastic polyners, nention
may be made of polynmers of the type conprising polyolefins, polyvinyls,

pol ystyrenes, pol yam des and 11 pol yam dei m des, acrylics, polysul phones,
pol ysul phi des, pol yphenyl ene oxi des, pol yacetals, fluoro polyners,

par abani ¢ pol ymers, polyhydantoins, |ipgar polyimdes, polyalkylene

oxi des, linear 5 polyurethanes, saturated polyesters, elastonmers or a

bl end of the%@l?@ﬂnYH@iﬁid@h'i,t@@f?ll@@f npseysunghbRsENs are of the type
conprising phenolic prepolyners, unsaturated polyesters, epoxides,

bi smal ei m depbypeubphyiiss fdepoliPheraléh¥eopobiyam gelphdesalsyi azi nes,
cyanate esters or a blend of these resins. Exanples of polyolefin resins
are polyethfleoeo polypeppyl pacabadiet pylemerpy opylehedanopohypers. 15
Vinyl resins are polyvinyl chloride, polyvinylidene chloride and

et hyl ene-vi nyinaget pvbyinbpesynpesvaPoyysngrernedesesi hsnaeae il l ustrated by
pol ystyrene, styrene-butadi ene copol yners, styrene- 20 acrylonitrile
copol yners apdlyuyethengs: agdatncabedyPohvesteescopbphensrs ASrpal yani de

pol ymers, nention may be nade_of pol yhexanet hyl eneadi pam de (nyl on-6, 6)
blend of these polymers.

Suitable thermosetting resins are of the type
comprising phenolic prepolymers, unsaturated
polyesters, epoxides, bismaleimide-type polyimides,

10 reactive polyamideimides, triazines, cyanate esters or
a blend of these resins.

Examples of polyolefin resins are
polyethylene, polypropylene and ethylene-propylene
copolymers.

15 Vinyl resins are polyvinyl chloride,
polyvinylidene chloride and ethylene-vinyl acetate
copolymers.

Polystyrene resins are illustrated by
polystyrene, styrene-butadiene copolymers, styrene-

20 acrylonitrile copolymers and styrene-butadiene-
acrylonitrile copolymers.

As polyamide polymers, mention may be made of
polvhexamethyleneadipamide (nylon-6,6)
polyaminocaprolactam (nylon-6) and polyundecanamide

25 (nylon-11).

Suitable acrylic polymers that can be used
are, for example, polymethyl methacrylate, linear

polyurethanes and especially polyurethanes resulting



pol yam nocapr ol act am (nyl on-6) and pol yundecanam de 25 (nylon-11). Suitable
acrylic polyners that can be used are, for exanple, polynethyl

nmet hacryl ate, linear polyurethanes and especially pol yurethanes resulting
12 fromthe polynerization of hexanethyl ene diisocyanate wth

1, 3-propanedi ol or 1, 4-butanediol. Saturated polyesters are, for exanple,
pol yet hyl ene gl ycol terephthal ate or pojybutylene 5 glycol terephthalate,
fluorinated pol yesters, polycarbonates, polyacetals, polyphenyl ene oxides,

pol yphenyl engr st phé des1 Phe t DLEODHH a5t | Ko RARSERYEESe dTNEoEPENSEEC resins
are, for exanple, the condensates of phenol, resorcinol, cresol or xylenol

10 wi th formaleiehyde-propamédial . obnspl bat edeqpdbyesters are products of
the reaction of an unsaturated dicarboxylic acid anhydride, such as

mal ei ¢ or citraconi c aphydratded poipestepsl yabkyfeneeghyobeé, 15 As exanpl es
of epoxide resins, nention nmay be nade of the products fromthe reaction
of 1-chl or o-2¢ Byetppkype opayeobr tdrepBtHa Ha epoxy bpe Ayleu i éndi sphenol A or
w th other phenols, such as resorcinol, hydroqui none or
1, 5- di hydr oxghapdt he¢eprhtal age o Bvohbratedepe ! vRSHRYSbe made of natural
or synthetic rubbers, silicones or golyurethanes. As suitable fluoro
pol yners, neP®ipaarRgNdESS neiel BRCPBRYE et PAt YRIOPBEL BYE Pl QRS
pol yvi nyl i dene , ,
polyphenylene sulphides or thermoplastic elastomers.
The phenolic resins are, for example, the
condensates of phenol, resorcinol, cresol or xylenol
10 with formaldehyde or furfural.
Unsaturated polyesters are products of the
reaction of an unsaturated dicarboxylic acid anhydride,
such as maleic or citraconic anhydride, with a
polyalkylene glycol.
15 As examples of epoxide resins, mention may be
made of the products from the reaction of l-chloro-2,3-
epoxypropane or 1,2,3,4-diepoxybutane with bisphenol A
or with other phenols, such as resorcinol, hydroquinone
or 1,5-dihydroxynaphthalene.
20 As elastomers, mention may be made of natural
or synthetic rubbers, silicones or polyurethanes.
As suitable fluoro polymers, mention may be
made of polytetrafluorocethylene and polyvinylidene
fluoride.
25 Preferably, the polymer matrix is a
thermosetting resin of the polyimide or epoxide type or

else a thermoplastic polymer of the polyamideimide

type.



fluoride. 25 Preferably, the polynmer matrix is a thernosetting resin of
t.he polyi mde or epoxide type or else a thernoplastic polyner of the

pol yam dei mide type. 13 The polynmer matrix formng the dielectric may
contain one or nore other electrically insulating fillers, which are
conpletely inert under the operating conditions of the process of the
invention. They act as 5 reinforcing fijders and are, for exanple, formed
from sinple fibres, of mneral or organic nature, the length of which

does not in general expeedodPymen WSLECk af bdmi sy Chhasd ashest osc fridyes or
ceramic fibres, or preferably glass fibres, or else they are reinforcing

10 materi al scOft @i gadné esgtory astiser VOVENSE i FONIWWVERMSUDEtikai ts. O her
reinforcing fillers consist of particles of mneral or organic nature,
such as m cafiletypdenlich satphisep l et ebhy nene st | urde anchd Soperating

pol ytetrafl uoroethyl ene particles, or glass mcrospheres. The particle
size of the ¢ondetsons of hosernpsocess tof behe ohpaentl en wi They hactapps i cati on
by deposition of the polyner matrix. The dielectric may al so contain

cal ci um 520 reibbercinpaiilbees. amtenee pafef cdxampler chpard@ Hfomcreati ng

roughness on the surface of the dielectric by being dissolved by acid
et chi ng. simple fibres, of mineral or organic nature, the length

of which does not in general exceed 10 mm, especially
such as asbestos fibres or ceramic fibres, or
preferably glass fibres, or else they are reinforcing

10 materials of great length: yarns, wovens, nonwovens or
knits.

Other reinforcing fillers consist of
particles of mineral or organic nature, such as mica,
molybdenum sulphide, alumina, silica and

15 polytetrafluoroethylene particles, or glass
microspheres. The particle size of the fillers is
chosen so as to be compatible with the application by
deposition of the polymer matrix.

The dielectric may also contain calcium

20 carbonate particles. These particles are capable of
creating roughness on the surface of the dielectric by
being dissolved by acid etching.

Preferably, the thickness of the dielectric
does not exceed 100 um. Advantageously, the dielectric

25 layer has a thickness of between 10 and 70 pm, better
still between 15 and 50 um, for example between 20 and
40 um.

According to one particularly preferred



Preferably, the thickness of the dielectric does not exceed 100 pm

Advant ageously, the dielectric 25 |ayer has a thickness of between 10 and
70 pm better still between 15 and 50 pm for exanple between 20 and 40
pm According to one particularly preferred 14 nethod of inplenentation,
the dielectric includes, as inert non-conducting filler, a nonwoven
fibrous web or a paper, inpregnated with dielectric resin. The presence
of the said web ensures better uniformty of 5 the thermal expansion

coef fici ent spédELS) o £ MhPOhent A086H] Nehé heiabbbttycofnkheadipl gstric to be
| aser- abl ated. Incorporating such a filler into the dielectric also makes

it possible tRerednes-EbRANEL LG CRIESSY pfat henflbebectibeoh ayreb and
therefore to further inprove the mniaturization. According to a first

met hod of iappepen; aimpneghheedavilthi dietecsracpapeinasThescribed in FR 2
685 363 or US 5 431 782. 15 Particularly advantageously, the filler is a
web consi st i pgesénoenabdvehne asaind dwéb bersufesnipetteénl unafomity bl yam de
fibres) preinpregnated with an epoxy resin, a polyimde resin or a blend
of these ¥ esthe. th@emakbrespansionhegeffranedtsi hFeSs whvehhave preferably
20 meta-aramd fibres, para-aramd fibres or_a m xture of _such fibres) are
prei mpr egnat €8P FhnNa Fﬁﬁc%bb%bPYz%ﬁ thel JapiaerridetPeRenl@f®hcti onal i zed

wi th heat -
ablated.

Incorporating such a filler into the
dielectric also makes it possible to reduce the

10 thickness of the dielectric layer and therefore to
further improve the miniaturization.

According to a first method of
implementation, the said filler is a paper as described
in FR 2 685 363 or US 5 431 782.

15 Particularly advantageously, the filler is a
web consisting of nonwoven aramid fibres (commercial
aromatic polyamide fibres) preimpregnated with an epoxy
resin, a polyimide resin or a blend of these resins.
Better still, these aramid fibres (which are preferably

20 meta-aramid fibres, para-aramid fibres or a mixture of
such fibres) are preimpregnated with a functionalized
polyvamideimide resin (functionalized with heat-
crosslinkable chemical units). This functionalization
may be obtained with double bonds or maleimide groups

25 as defined in patent EP 0 336 856 or US 4 927 900.
Advantageously, the web contains 35 to 60% by weight,
preferably from 44 to 55% by weight and better still

from 40 to 50% by weight, for example 47% by weight, of



crossl i nkabl e chem cal
doubl e bonds or
4 927 900.
preferably from44 to 55% by wei ght and better stil

wei ght ,

t hi ckness of the web varies

Advant ageously, the web contains 35 to 60% by wei ght,

from40 to 50% by

for exanple 47% by weight, of 15 dielectric resin. For exanple,

and 50 pm and better still between 20 and 40 pm 5 In general, its

grammege varies) betweenrdinand 50 g/ nR, better stil
pads and mcrovias are formed by netallization in step

or part ofr@pnexnpléesrt e stiifekess of of hehdiwbeciaiteseit her

g/ n2. The tracks,
B) over all

between 10;@and 70 pm preferably between 15

bet ween 15 and 40

units). This functionalization may be obtained with
mal ei m de groups 25 as defined in patent EP O 336 856 or

U
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before the 10 protective | ayer has been applied or after certain parts of

the latter

hayewbeenl 0 eana et Jhpe prefatdbratbetwsay b® gadrbeduout

el ectrochemcally (electrolessly) and/or electrolytically (wwith a
current).

nore rapid.

preventifg the photosénsgensral ayekrs ¢rannagel vangeandetwesni hprov

positioning precision for the various irradiation and devel opment steps

and i nprovi ng"€ha0 r@/MabiRqtiemmt o IRaigean v oRrthe &id/®irtri es.
el ectrolytic netalliza%ion it is ad%antageous to,ogerate wi th,  Jincreasing
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microvias are formed by

21 bFapkss cBpRRran
metallization in step B) over all or part of non-
protected surfaces of the dielectric, either before the
protective layer has been applied or after certain
parts of the latter have been removed. The
metallization may be carried out electrochemically
(electrolessly) and/or electrolytically (with a
current). The latter process is more particularly
preferred as it is more rapid. In addition, it may be
carried out in acid medium, thereby preventing the
photosensitive layers from swelling and thus improving
the positioning precision for the various irradiation
and development steps and improving the reliability and
longevity of the circuitries. For electrolytic
metallization it is advantageous to operate with
increasing current. The metal is preferably copper.
Electrochemical (electroless) metallization
is a known technique, which is described in
“Encyclopedia of Polymer Science and Technology, 1968,
Vol. 8, 658-61".
Likewise, the electrolytic metallization,

(with a current) is a conventional technique also

Thend abéeteprotess betweer parandud@rihmy. 15 preferred as it is
In addition, it may be <carried out in acid nmedium thereby

i ng

For

t he



El ectrochem cal (electroless) netallization is a known technique, which is
described in 25 "Encycl opedi a of Polynmer Science and Technol ogy, 1968,

Vol . 8, 658-61". Likewise, the electrolytic netallization, (with a
current) is a conventional technique also 16 described in "Encycl opedi a of
Pol ymer Science [lacuna], pp. 661-63". According to a particularly
preferred nethod of inplenenting the ifwention, the netallization, 5

whet her el ectrochem cal or electrolytic, is continued wuntil a netal |ayer

having a thigkaessn&d a4 YRSy Popdiila PSS BS BPhyr st P gkbess, Oindpet ween 10
and 20 pm is obtained. Step B) conprises, advantageously before the 10

nmetal lizatiopp. as6tep30f formng a sublayer capable of being netallized.
Such a sublayer is fornmed on the entire surface of the dielectric, or on
exposed parts of the Hecebedingctova hpset echlael protefsroad afietied ot her
parts. Depending on the case, the sublayers 15 fornmed are continuous or

di scont i nuoust aimp hayent immytheoinbendiomct tlye suetabl ezdioitom) ectrol ytic
netal lization. On the other hand, they are always suitable for

el ect r ocheni wkether tleotrochenicrl s ekeskroliheiel ets roeheineed
deposition of netal is 20 catal ysed by the sublayer, and the netallization
is equival éMtib 2 HERTRS| FRY DAl had idh drtpl @inetim o vt nke v s® of

roducti on for obtajni a
P um, prefergghy a thickness of between 10 and 20 um, is

obtained.
Step B) comprises, advantageously before the
10 metallization, a step of forming a sublayer capable of
being metallized. Such a sublayer is formed on the
entire surface of the dielectric, or on exposed parts
of the dielectric with selective protection of the
other parts. Depending on the case, the sublayers
15 formed are continuous or discontinuous and may or may
not be directly suitable for electrolytic
metallization. On the other hand, they are always
suitable for electrochemical metallization. In this
case, the electrochemical deposition of metal is
20 catalysed by the sublayer, and the metallization is
equivalent to that using palladium or platinum.
Two methods of production for obtaining a
sublayer capable of being metallized are preferred.
According to a first method of producing the
25 sublayer, the compound capable of inducing subsequent
metallization is chosen from the abovementioned metal
oxides and the sublayer is formed by bringing the

dielectric or exposed parts of the dielectric into



subl ayer capable of being netallized are preferred. According to a first
nmet hod of producing the 25 subl ayer, the conpound capabl e of inducing
subsequent netallization is chosen fromthe abovenenti oned netal oxides
and the sublayer is forned by bringing the dielectric or exposed parts of
the dielectric into 17 contact with a solution of a salt of a noble netal
capabl e of being reduced by oxide partighes. During this step, other |ayers
may be brought into contact with the solution. The latter has no 5 useful

action on thesgtatheyitRy8r sollbisn 8£fCcaNkhNEOHE aSHBbA¥EmeRh1t he noble
metal is formed on the exposed surface of the first |ayer. The surface

resistivity eapabhe sfBbbayfy redheedebp dROdangat@3ctes.It is preferably

| ess than 103 0/0 This allows electrochem cal 10 netallization to be
carried out, preferablpuwitg thnsr saspngotherehayerts mbgubd beopghnht ed out
by way of indication that the cohesion of the sublayer inproves as the
concentrati ohnbd ogntacpavitbl ebei aotetien. Bheplatterelasohati ons of noble
metal salts, 15 nmention may be nmade of Au, Ag, Rh, Pd, Cs, Ir and Pt salt
sol uti ond wi BRefuéoaftéPnoAnchBSER PFbﬁ¥Cﬂa¥eR93 THHE . CR3CoREingREs
contacting process may be carrjed out _by dipping into, the solution, by
spraying or BY %ﬁgerpaéssbe BPbéer@FFéi l?h§°§@P tPBntBF ﬁﬁEPéeﬁetal sal t
20 is in general aci di.c % of between 0.5 and grefe%ably
between 1.5 SHAE3S, OFnERBHERESTD ayssnt?aﬁ|aurﬁecsda?ﬁgssev Y Th

treatment Intﬁglgublayer is between 10° and 10’ @/O0 It is preferably

less than 10° Q/0 This allows electrochemical

10 metallization to be carried out, preferably with
increasing current. It should be pointed out by way of
indication that the cohesion of the sublayer improves
as the concentration of oxide particles increases.

As preferred solutions of noble metal salts,

15 mention may be made of Au, Ag, Rh, Pd, Cs, Ir and Pt
salt solutions with a counterion chosen from Cl, NO;~
and CH,;CO0 . The contacting process may be carried out
by dipping into the solution, by spraying or by the
passage of a roller. The solution of noble metal salt

20 is in general acidic, with a pH of between 0.5 and 3.5,
preferably between 1.5 and 2.5. The pH may be
controlled by adding acid. This treatment in acid
medium furthermore makes it possible to limit the
swelling of the resin layers, which takes place in

25 Dbasic medium. Excellent definition and excellent
planarity are therefore obtained using this first
method of producing the circuitries. It should be

mentioned that the treatment with an acid solution of



medi um furthernore nakes it possible to limt the swelling of the resin
|.ayers, which takes place in 25 basic nedium Excellent definition and
excellent planarity are therefore obtained using this first method of
producing the circuitries. It should be nentioned that the treatnment with
an acid solution of 18 noble nmetal salts nmay be preceded by rinsing with
an acid solution, for exanple with ace{gc acid, if the first |ayer of
phot osensitive resin contains calcium carbonate particles. This rinsing

makes it posgbble hetall anegsraaghserpgebaaéa BY; Hﬂﬁs&lcl?fiw@h hhe cal cium
carbonate particles present on the surface being dissolved, and thus to

i nprove the adhé@ssobutlohhefopeéabmgeponith. aketitheaclidy stifnehbod of
form ng a sublayer, 10 the netal oxide particles are preferably chosen
from MO NEDrs€URByandoBnthahdsaneipieéerabliy containedcahcitie first

| ayer in an anount of 2.5-90% by wei ght, even nore preferably in an anount
of 10 to 30%aTfhenapeepertédleaet aThogi déngsngupabes oki des£ilRde 160

Advant ageously, the solution contains at |east 10- 5 nol/|, preferably

bet ween P 000Bcandse. bs rohghnessfohobhe ABrapcsal EheAcadAiMuUOUS subl ayer
of noble netal having a thickness of |less than 1 pmis obtained. The

subl ayer obtﬁﬁﬁ@ﬂné§ﬂ|BFF§l§%€élPéﬂ?eﬁﬁlPBrﬁh?ysuEQaFﬁePEBlenprOV|ng t he

quality of the co tion obtaj ned after talljzation. way of salts
That can” bedusSalV%ant ABR HRySoECAHBE TS ALBP 32 EPAGEPH) O ALEE3

metal deposits.
For the first method of forming a sublayer,

10 the metal oxide particles are preferably chosen from
MnO, NiO, Cu,0 and SnO and are preferably contained in
the first layer in an amount of 2.5-90% by weight, even
more preferably in an amount of 10 to 30%. The
preferred metal oxide is cuprous oxide Cu,0.

15 Advantageously, the solution contains at least
107° mol/l, preferably between 0.0005 and 0.005 mol/1,
of noble metal salt. A continuous sublayer of noble
metal having a thickness of less than 1 um is obtained.
The sublayer obtained exhibits excellent uniformity,

20 thereby improving the quality of the connections
obtained after metallization. By way of salts that can
be used, mention may be made of AuBrs; (HAuBr,), AuCl;
(HAuCl,) or Au,Clg, silver acetate, silver benzoate,
AgBr0O;, AgCl0O,, AgOCN, AgNO;, Ag,SO,, RuCl,-'5H,0,

25 RhC1l;3:H,0, Rh(NO;3),-2H,0, Rh;(S0O4)3*4H,0, Pd(CH3CO0),,

Rh, (SO,4) 3+ 12H,0, Rh,(S0,);-15H,0, PdCl,, PdCl,-2H,0, PdSO,,
PdS0O,-2H,0, Pd(CH5;CO0),, 0OsCl,, OsCls, OsCls-3H,0, OsI,,

IrBr3-4H20, IrClz, IrCl4, IrOz, Ptqu, HthClG’6H20, PtClq,



(HAud 4) or AU2C161 silver acetate, silver benzoate, AgBr03, AgCl04,
AgOCN, AgN03, A92SM4, RuCl4-5H201 25 RhC13- H20, Rh(NO3)2-2H20,
Rh2( SM4) 3- 4H20, Pd(CH3COO) 2, Rh2(SM)3' 12H20, Rh2(SM) 3' 15H20, PdC12,
PdC12- 2H20, PdS041 PdS04-2H20, Pd(CH3COO) 21 0OSCl141 OSC131 OSC13-3H201
OSl 41 IrBr3-4H201 IrCl2, IrCl4, IrQ21 PtBr4, H2Ptd 6-6H201 PtCl41 19
PtC131 Pt (SOO 2 - 4H20 and Pt (COCl12) {42, and corresponding conplexes
such as NaAuCl41 (NH4) 2PdCl4 (NH4) 2Pdd 6, K2Pdd 6 and KAuCl4 The

subl ayer obtatoed i @0,)Lcula lahavedd ccdesyiciefd dadeteetéopyhiitng

nmetal lization. For exanple, electrolytic netallization with an increasing
current maycbepleeds dbehfoas maro0l of (NIB)sBEE Ay e(NHy) thd0li,he context of
the first nethod nay especially conprise the 10 follow ng operations:
exposure of KigGiet ahdoXhrd€lparticles contained in the first |ayer of
resin of the dielectric. This operation is preferably carried out by

al kal i ne etching (forTexaspbbaysingbhasondduns hyarokedeantyisepbtassi um
hydr oxi de sol ution i n aqueous/al coholic mediun) and then rinsing with

wat er, pdssi phyted tanelecrasbntéchbachalsbzasien. rEapvexanelexi de
particles exposed; if the dielectric contains inert fillers, such as 20
cal ci um car bohRAEBIPiVFeFsnetpblsupthee Vithndle 1RFFEREIYIrowHhedy aci d

etching. This operation is preferably separate fromthe operation of
form ng may be used.

The formation of the sublayer within the
context of the first method may especially comprise the
10 following operations:

- exposure of the metal oxide particles contained in
the first layer of resin of the dielectric. This
operation is preferably carried out by alkaline
etching (for example using a sodium hydroxide or

15 potassium hydroxide solution in aqueous/alcoholic
medium) and then rinsing with water, possibly in
an ultrasonic bath, so as to remove the oxide
particles exposed;

- if the dielectric contains inert fillers, such as

20 calcium carbonate fillers, the surface is made
slightly rough by acid etching. This operation is
preferably separate from the operation of forming
the metal sublayer;

- forming a continuous metal sublayer of noble metal

25 by contacting with an aqueous, acid solution of a
noble metal salt. By way of indication, it should
be mentioned that the sublayer obtained is

generally a monoatomic layer since the noble metal



the netal sublayer; formng a continuous netal sublayer of noble netal 25
by contacting with an aqueous, acid solution of a noble nmetal salt. By way
of indication, it should be mentioned that the sublayer obtained is
generally a nonoatom c | ayer since the noble netal 20 acts as a barrier to
continuation of the oxidation-reduction reaction. The layer is continuous
as sone of the netal oxide particles rgjease ions by dissolution. These '
ions react in 5 aqueous nmediumwi th the noble nmetal salt, reducing this

”Eta|g “hiCh s deposiiedy 5£%¥&é£|&érﬁbﬁﬁ@huéﬁﬁéﬁ'@@réﬁé|e spaces. The
reaction is all the nore effective and econonic the nore confined the

aqueous nobl e met@ki gt {iomBebdet fof f84Sti®ASOrhe 10ayérisspreferred to
carry out the reactionin a thin layer, that is to say by inmersion in the

sol uti on cont ai ni dgnt heunedl £s nedd Shl the atelcdD oxefi@vigarti@besoon as
possi ble afterwards. The reaction then takes place in the aqueous sol ution
15 | ayer entrai nedeleasethensbpecdisdolboridomg These stonsdreethoth of
producing the sublayer, the conpound capable of inducing subsequent
metal | i z& i on conddgesusimediwn cveth ofthe nelle matalk sahoseredvoingu, Co,
Cr, Cd, N, Pb and Sb oxides and 20 m xtures thereof, the sublayer being
obt ai ned by subj&etf Mgl orhpehtisfdepestred ecthie fbliirg #Rluci ng
action of a suitaple reducing&agent so as to ) ,
inter-particdle "spaces. The reaction is all the
more effective and economic the more confined the
aqueous noble metal salt medium. For this reason,
10 it is preferred to carry out the reaction in a
thin layer, that is to say by immersion in the
solution containing the noble metal salt, and to
remove it as soon as possible afterwards. The
reaction then takes place in the agqueous solution
15 layer entrained with the object.

According to a second method of producing the
sublayer, the compound capable of inducing subsequent
metallization consists of particles of a metal oxide
chosen from Cu, Co, Cr, Cd, Ni, Pb and Sb oxides and

20 mixtures thereof, the sublayer being obtained by
subjecting all or part of the dielectric to the
reducing action of a suitable reducing agent so as to
obtain a metal sublayer covering in particular the
microvias, by reduction of the metal oxide particles on

25 the exposed surface of the dielectric, the [lacunal
resistivity of which is between 0.01 and 10*° /0.

For this method of implementation, the

proportions of the constituents of the dielectric




obtain a nmetal sublayer covering in particular the mcrovias, by reduction
of the netal oxide particles on 25 the exposed surface of the dielectric,
the [lacuna] resistivity of which is between 0.01 and 10" Q 13. For this
nmet hod of inplenentation, the proportions of the constituents of the
dielectric 21 according to the present invention are preferably chosen to
be between the following limts (expresging the percentage by wei ght of '
each of the constituents in the substrate): 5 - 10 to 90% preferably 25

to 90% of ngtabra®xhdeo PhefsrabbytCuURveHe:oxi 88 préEasmBi{o 50% of one
or nore other fillers inert under the reduction conditions; and - from 10

to 90% prefenabby £60Bk1BetRedh%helolioROhyMBimi €6i NexpBedsYAgi ant, the
dielectric consists of: - less than 10% by wei ght of netal oxide,

preferably ctheoperoshtage-by weighto by eechyhbfotheneohsthbnuennduthi ng 15
filler(s); and - from10 to 90% preferably from10 to 75% by wei ght of
pol ymer resitbheThebstrétee:resistivity that it is preferable to achieve
for the sublayer according to the second 20 net hod of inplenentation
depends d&n the nature of 10hto 80%| epreferabhgn2bhtodPbecofi metdhsi sts of
10 to 90% by

oxide, preferably cuprous oxide;

- from 0 to 50% of one or more other fillers
inert under the reduction conditions; and

- from 10 to 90%, preferably from 10 to 75%,

10 of polymer resin.

As a variant, the dielectric consists of:

- less than 10% by weight of metal oxide,
preferably cuprous oxide;

- 0 to 50% by weight of inert non-conducting

15 filler(s); and

- from 10 to 90%, preferably from 10 to 75%,
by weight of polymer resin.

The surface resistivity that it is preferable
to achieve for the sublayer according to the second

20 method of implementation depends on the nature of the
dielectric.

When the dielectric consists of 10 to 90% by
weight of metal oxide, 0 to 50% by weight of inert non-
conducting filler(s) and 10 to 90% by weight of polymer

25 resin, the reduction is advantageously continued until
a surface resistivity of 0.01 to 10° @/0O is obtained.

Preferably, the metallizations are produced in this

case electrolytically, for example with increasing



wei ght of nmetal oxide, 0 to 50% by wei ght of inert non- conducting
filler(s) and 10 to 90% by wei ght of polyner 25 resin, the reduction is
advant ageously continued until a surface resistivity of 0.01 to 10 3 0/0
is obtained. Preferably, the netallizations are produced in this case
el ectrolytically, for exanple with increasing 22 current. \Wen the
dielectric consists of |less than 10% wei ght of netal oxide, 0 to 50% by -
wei ght of inert non-conducting filler(s) and 10 to 90% by wei ght of 5

pol ymer resif,rtdg: reduction is advantageously continued until a surface
resistivity of greater than 10 6 QEl is obtained. The netallizations are
preferably produced iwhéhishéadte BéEEtiOCheE Lot Yof Thesoresemceo®f the
said continuous or 10 discontinuous netal sublayer al so ensures catal ysis
of the subseguesigheted mepobidxpdoduteth 5% | ey beeihght cofiplméet y
conpatible therewith. Mirre specifically, this sublayer, whether obtained
accor di ng t ondtrecéndistt img hbill ber tée amdobdl 46 9% Hoyl, waedlps @D inprove the
adhesi on of the subsequent netal deposit by preventing any break in the
electricé pohyverioashn, ttke meedidtien 1% sadvariageowatYying out the
reduction step in order to formthe sublayer, it nmay prove necessary 20
bef or ehand t@D%t¥m®B@h@n%h¥f%c%u%#a€%er%ﬁ%ﬁ%%ﬁ¥?% b %@@a¥%re%%%%e t he

met al oxi de agtlcles on the surface. i.s is .especiall tg1 ¢ase when al
t he met al f is obtained. The meta lizations are ﬁée erably

produced in this case electrochemically.
The presence of the said continuous or
10 discontinuous metal sublayer also ensures catalysis of
the subsequent metal deposit produced, while being
completely compatible therewith.
More specifically, this sublayer, whether
obtained according to the first method or the second
15 method, helps to improve the adhesion of the subsequent
metal deposit by preventing any break in the electrical
conduction at the metallized vias.
Before carrying out the reduction step in
order to form the sublayer, it may prove necessary
20 Dbeforehand to strip the surface of the dielectric so as
to expose the metal oxide particles on the surface.
This is especially the case when all the metal oxide
particles are covered with the polymer matrix. The
stripping treatment consists either of a chemical
25 treatment using a chemical capable of etching the
surface of the polymer matrix, or of a stripping
technique using mechanical means, such as abrasion,

brushing, sandblasting, milling or filing.



particles are covered with the polymer matrix. The stripping treatnent
consists either of a chemcal 25 treatnent using a chem cal capabl e of
etching the surface of the polyner matrix, or of a stripping technique
usi ng nechani cal means, such as abrasion, brushing, sandblasting, mlling
or filing. 23 According to a preferred nethod of inplenenting the
invention, the stripping is carried oui3zusing nechanical neans. During the
operation of formng the sublayer 5 according to the second nethod, when

the netal oxide is a gePspUsSHXtflea SHEEpfed hiecelOpPessti s reduced to the
CuH state, in which state the copper acts as a catalyst for the netal

deposi ti on cafpletdeptiing ntisé epnBIntidn, tties estsipwiexcesscanolued of CuH, it
is slowy 10 converted to copper netal at roomtenperature, with hydrogen
di ffusing tootheuspimsgimechaiei eal treeans he presence of this transient

hydride will no | onger be nentioned and reference will sinply be made to a
metal |ayer. 15 In ordewringctheyoparathenrefiuteining atperseoplagkilled in
the art may sel ect any one of the reducin agents capabl e of reducing

met al oxidde @2ecerding BRi Haei sacerdteebhodpt @ e nghe Hee bk pebd@ elPstivity
values 20 during this step will depend, on the one hand, on the

proportions AnGUBFORRHeCRhEtr eSOt PE Hee aFORREHel i TFIHCSE Nk pbP§ner matri x

formn i i
g the gﬁglggé é? deWhggthEate the copper acts as a catalyst

for the metal deposition carried out in step B). If
there is an excess amount of CuH, it is slowly

10 converted to copper metal at room temperature, with
hydrogen diffusing to the outside.

Hereafter, the presence of this transient
hydride will no longer be mentioned and reference will
simply be made to a metal layer.

15 In order to carry out the reduction, a person
skilled in the art may select any one of the reducing
agents capable of reducing metal oxide to metal
oxidation state 0.

Obtaining the desired resistivity values

20 during this step will depend, on the one hand, on the
proportions and on the nature of the metal oxide within
the polymer matrix forming the dielectric and, on the
other hand, on the extent of the reduction performed,
and especially on the type of reducing agent used, and

25 on the prior stripping step.

The nature of the metal layer deposited
varies depending on the type of reducing agent used and

on the nature of the metal oxide to be reduced.



ot her hand, on the extent of the reduction performed, and especially on
the type of reducing agent used, and 25 on the prior stripping step. The
nature of the nmetal |ayer deposited varies depending on the type of
reduci ng agent used and on the nature of the nmetal oxide to be reduced. 24
According to a preferred method of inplenenting the invention, the reducing
agent is a borohydride. Hereafter, theagaction of borohydrides is 5 '
descri bed nore specifically when the netal oxide is a cuprous oxide. CU20

is reduced to netalli %@Wn%ytd he postéd Ore@fmaried odyydri de. By using
this type of reducing agent, the 10 layer fornmed on the surface of the

di el ectric ifSnglermémt iyl otise OIn¥dSCd | Nttoisrevdi @l nd aypenofi capper. The

bor ohydri des that can be used in the present invention include substituted
bor ohydri desc@sohyatideas unsubstituted borohydrides. Substituted 15

bor ohydrides in which at nost three hydrogen atons of the borohydride ion
have been repl aced w thersafisey t udm saathieh of odreryduadies the reduction
conditions, such as for exanple with alkyl radicals, aryl radicals and

al koxy ra&di cd@scrikga feorsetpe Dt pakly athen Wrxdre Rl kg drs des are used
in which the alkaline part consists of sodiumor potassium Typical
exanpl es of CUfothde*i®at are suitable are: sodium

Cu,0 is reduced to metallic copper by the
action of a borohydride.

By using this type of reducing agent, the

10 layer formed on the surface of the dielectric is a
continuous or discontinuous metal layer of copper.

The borohydrides that can be used in the
present invention include substituted borohydrides as
well as unsubstituted borohydrides. Substituted

15 Dborohydrides in which at most three hydrogen atoms of
the borohydride ion have been replaced with
substituents which are inert under the reductiocn
conditions, such as for example with alkyl radicals,
aryl radicals and alkoxy radicals, may be used.

20 Preferably, alkaline borohydrides are used in which the
alkaline part consists of sodium or potassium. Typical
examples of compounds that are suitable are: sodium
borohydride, potassium borohydride, sodium
diethylborohydride and potassium triphenylborohydride.

25 The reducing treatment is carried out simply
by bringing the dielectric surface into contact with a
solution of the borohydride in water or in a mixture of

water and of an inert polar solvent such as, for



bor ohydri de, potassi um borohydride, sodium diethyl borohydride and

pot assi um tri phenyl bor ohydri de. 25 The reducing treatnent is carried out
sinply by bringing the dielectric surface into contact with a solution of
t he borohydride in water or in a mxture of water and of an inert polar
sol vent such as, for 25 exanple, an aliphatic |ower alcohol. Preference is
given to purely borohydride solutions.posThe concentration of these '
solutions may vary over wide limts and it preferably lies between 5 0.05

and 1% (by wWwelai10f &¢td VipHwdi ot dheorhor ohydride in the sol ution).
The reducing treatnment may be carried out at high tenperature; however, it
is preferred to do scp@dfardredPeratgireercloseoieIpadrilepmerdad ure, for
exanpl e between 15 and 300C. Wth 10 regard to the execution of the
reaction, itsshotdshde Thwteshddratratign e theee tso Bi{{d)s 3naand to OH
ions, which have the effect of increasing the pH of the nediumduring the
reducti on. Hoaweyervemtwinghl o tvanksit fore fecaaipl ¢ Yremtleetvdrm 13, the
rate of 15 reduction is decreased so that it may be advantageous to
operate Bn a0 b faredd srethumsiohls b Ieiiva ragerefehedhe eduction rate.
By varying mainly the treatnment tinme, it is possible to easily control the
extent of tHROFIRNAEIdM 1POEhRIFOFHeP™ To TR afFARF T @ eitstivity

corresponding to the desired values, the treatnment tinme necessary is
general ly q EWA Qﬁuﬁqr 1<a€béﬁaﬁhﬁngpemperature; however, 1t 1

preferred to do so at a temperature close to room
temperature, for example between 15 and 30°C. With

10 regard to the execution of the reaction, it should be
noted that it gives rise to B(OH); and to OH ions,
which have the effect of increasing the pH of the
medium during the reduction. However, at high pH
values, for example greater than 13, the rate of

15 reduction is decreased so that it may be advantageous
to operate in a buffered medium so as to have a well-
defined reduction rate.

By varying mainly the treatment time, it is

possible to easily control the extent of the reduction

20 performed. To obtain a surface resistivity
corresponding to the desired values, the treatment time
necessary is generally quite short and, depending on
the amounts of oxide included in the dielectric, is
usually between about one minute and about fifteen

25 minutes. For a given treatment time, it is possible to
further vary the reduction rate by adding various
accelerators to the medium, such as for example boric

acid, oxalic acid, citric acid, tartaric acid or metal




the amounts of oxide included in the dielectric, is wusually between about
one mnute and about fifteen 25 mnutes. For a given treatnent tine, it is
possible to further vary the reduction rate by addi ng vari ous
accelerators to the medium such as for exanple boric acid, oxalic acid,
citric acid, tartaric acid or nmetal 26 chlorides such as cobalt(I1l)
chloride, nickel (Il) chloride, nmanganesg(l1l) chloride and copper(I1)
chloride. It is also possible to vary the anount of 5 borohydride used so

as to contrathidiei @xd eftictofad heos£etict 1 oreh ropr@f erd eskoperat i ng met hod
consists in dipping the substrate to be reduced into a relatively viscous

bor ohydri de solaitidy, amchddresse (T tdielamidyg arndiecohst (Bt)e in order to

al l ow the reduction operation 10 to take place in air. The anmount of

bor ohydri de cloisrid#4 consuned depends on the viscosity. The BH4 therefore
reacts in a thin layer on the surface to be reduced. This process al so has
the advantage of neither isontsonipresiyle heo vty dthoamounr of
destabilizing it. 15 The exact and precise conditions of the reduction by
the bor ofydreerohydr kdrhised t3p RS Heseon el | thER¥EmoRt Hdvkever, it nust
be understood that, within the context of the invention, only a surface
part of the TRV ¢ R P Hed RRRIARL 13D MRERES FIHTHS TS flfby reducti on

of the copp oxi de particles a continuou allic Ia er copper was
R B e R gL B I U e P e S M

viscous borohydride solution and then in withdrawing
the substrate in order to allow the reduction operation

10 to take place in air. The amount of borohydride ions
BH, consumed depends on the viscosity. The BH,
therefore reacts in a thin layer on the surface to be
reduced. This process also has the advantage of neither
contaminating the initial bath nor of destabilizing it.

15 The exact and precise conditions of the
reduction by the borohydride are such as those
described in EP 82 094. However, it must be understood
that, within the context of the invention, only a
surface part of the dielectric has to be reduced.

20 As a variant, if by reduction of the copper
oxide particles a continuous metallic layer of copper
was firstly deposited on the surface of the dielectric,
it is possible for there to be an inter-exchange of
metals so as to convert the copper layer into a layer

25 of a metal other than copper, by oxidation-reduction.
In general, the process involves bringing the coppered
layer into contact with a suitable metal salt, in acid

medium, the condition being that the oxidation



it is possible for there to be an inter-exchange of netals so as to
convert the copper layer into a |ayer 25 of a nmetal other than copper, by
oxi dation-reduction. 1In general, the process involves bringing the
coppered layer into contact with a suitable netal salt, in acid medium
t he condition being that the oxidation 27 potential of the Cu20/Cu redox
pair be less than that of the redox pa¥ for the metal to be deposited.
Anot her possi bl e nethod of inplenenting the sublayer capabl e of being

metal | i zed npycbet £4D! OFethe SuAYAr didtp: pdilt baraidwed fard raianey at i on,
t he conpound capabl e of inducing subsequent netallization is an

or ganonet al | tige COERPOXINSa i £ hEo B ubhayRet HBi g bobd@poedtdy. subj ecting all or
part of the dielectric to the action of a laser or of a plasma until a
nmetal 10 subl ayer covexmndigher npgpasibrel methodeo fri tmpiemsnt sng obihai ned.
Before the sublayer is fornmed, this laser or plasma technique nmay al so be
used to carrsubl@dypossapilele ppesheippi mgtailihed suaydee efiptheedi el ectric
in order to nmake the organonetallic particles appear on the 15 surface.
The netald i zZA&ctondongt he tlybs ayetkod soEaimpbementat ban dekkee i bed above.
Three preferred nethods of _inplementation for step B) will now be

descri bed. TRRMPARERBIS2RIL DD ?ﬁp+%ﬂ%%%%$|%ﬁb%?%u?¢¢u&%?%%%ﬁzﬁyl@?gures

showi ng schematic cross-sectjonal views of the circuitries produced by a
process accotdi #g ?69?%%m?E%LL%?oﬁ°mp°und the Sub{ayer being

obtained by subjecting all or part of the dielectric to
the action of a laser or of a plasma until a metal
10 sublayer covering, in particular, the microvias is
obtained. Before the sublayer is formed, this laser or
plasma technique may also be used to carry out possible
prestripping of the surface of the dielectric in order
to make the organometallic particles appear on the
15 surface.
The metallization of the sublayers is carried
out as described above.
Three preferred methods of implementation for
step B) will now be described. The methods of
20 implementation are illustrated by figures showing
schematic cross-sectional views of the circuitries
produced by a process according to the invention.
Figures la) to lg) show the circuitry at the
various steps in the process according to the second
25 method of implementation.
Figures 2a) to 2h) show the circuitry at the
various steps in the process according to the third

method of implementation.



Figures la) to 1g) showthe circuitry at the various steps in the process
according to the second 25 nethod of inplenentation. Figures 2a) to 2h)
show the circuitry at the various steps in the process according to the
third nmethod of inplenentation. 28 Figures 3a) to 3i) showthe circuitry
at the various steps in the process according to the first nethod of

i npl ementation. According to a first nq%ﬂod of 5 inplenentation,
illustrated in Figures 3a) to 3i), in ich a support 301, a circuitry

level 302 and the diereghrés 39 86€35108RowStRE B)rEQIPE,SEE the steps
consisting in: Bl) formng a sublayer 305 capable of being 10 netallized on

the surface Qhribesnscepyi b3 B8R4, praddsonatberdimace ohet herdtel ectric or
of part of the dielectric, by subjecting all or part of the dielectric to
t he reduci ngmathodnobf impseméabationeduci ng agent so as to obtain a netal
subl ayer 15 covering in particular the mcrovias, by reduction of the
met al oxi de particl es Bocoh@irgpbsed fiustavetlddtdE dielectric, the
[lacuna] resistivity of which is between 0.01 and 1010 Q”; B2) producing
a circuithy toppenenbgtiencksllpabsapedabd Figwoesasabyteadtyi nglout a
sequence of treatnment steps_conprising, in a suitable order, step (i) of
eIeCtrochen1Whicbe@eé?PBP€§s§01r a circuitry level 302 and the

dielectric 303 are shown, step B) comprises the steps
consisting in:
Bl) forming a sublayer 305 capable of being
10 metallized on the surface of the microvias 304,
and on the surface of the dielectric or of part of
the dielectric, by subjecting all or part of the
dielectric to the reducing action of a suitable
reducing agent so as to obtain a metal sublayer
15 covering in particular the microvias, by reduction
of the metal oxide particles on the exposed
surface of the dielectric, the [lacuna]
resistivity of which is between 0.01 and 10%° @/O;
B2) producing a circuitry comprising tracks, pads
20 and microvias by carrying out a sequence of
treatment steps comprising, in a suitable order,
step (i) of electrochemical (electroless)
metallization and/or electrolytic metallization
and step (ii) of selective protection by
25 deposition of a protective layer.
Step Bl) corresponds to the formation of a
sublayer according to the second method of

implementation described above. This sublayer may,



metal | ization and/or electrolytic netallization and step (ii) of selective
protection by 25 deposition of a protective |layer. Step Bl) corresponds to
the formation of a sublayer according to the second nethod of

i npl enent ati on described above. This sublayer may, 29 where appropriate,
be reinforced with el ectrochem cal and/or electrolytic nmetallization in
order to obtain a netal |ayer 306 overoall of the dielectric and of the
mcrovias. 5 Step B2) corresponds to the formation of tracks, pads and

m crovias bywhBeeusppebpseheel i ¥e rpinfeete@nwhyhdepestibenefficaiprotective
| ayer. This step generally involves a sequence of operations - (i)

metal | i zati oandfdr(eilpcsebigtivemptalédctaohohyidOocddpostbi ngtaipratective

| ayer on part of the exposed surface of the dielectric. Advantageously, it
al so includmstalsiepeti BDp ofeet shingft hbesdbbagetror &hd ofrethe | ayers
capabl e of being netallized. The order of inplenenting these operations in
15 the sequeméerd¥pamds on the method used. Conventionally, the process is
i npl ement ed by selective netallization of the circuitry (so-called
"pattern" nethod) or bytaetBE}i ¢arreAPeRdEhECehbfr é0rBaELaBeCfso-call ed
"panel " nmethod). 20 According to the inventjon, the_nethod of protection
that can be GE88XFs RBHSCANHI BAFTOEGRS BYahPReUSft O PPLBECHBEsible to use

a process : L . .
P protection by deposition of a protective layer. This

step generally involves a sequence of operations - (i)
metallization and (ii) selective protection by

10 depositing a protective layer on part of the exposed
surface of the dielectric. Advantageously, it also
includes a step (iii) of etching the sublayer or the
metal layers capable of being metallized.

The order of implementing these operations in

15 the sequence depends on the method used.

Conventionally, the process is implemented by
selective metallization of the circuitry (so-called
“pattern” method) or by metallization of the entire
surface (so-called “panel” method).

20 According to the invention, the method of
protection that can be used is not critical. For
example, it will be possible to use a process
consisting in (i) depositing a layer of photosensitive
resin over the entire surface of the dielectric or of

25 the sublayer, (ii) in forming an image on the
photosensitive layer by irradiation and then (iii) in
removing the dissolvable part of the said layer of

photosensitive resin.



consisting in (i) depositing a | ayer of photosensitive resin over the
entire surface of the dielectric or of 25 the sublayer, (ii) in formng an
i mge on the photosensitive |ayer by irradiation and then (iii) in
removi ng the di ssolvable part of the said |ayer of photosensitive resin.
30 Two known techniques in the prior art are perfectly suitable. The
first technique consists in depositing g positive photosensitive resin
(positive photoresist) or 5 a negative photosensitive resin (negative

phot oresist) on the entis exseiih a€€coh i dies SUB| eyerpr Wi CAir Sarossi bl y
reinforced with a netal |ayer, resulting from step Bl), then subsequently

irradi ati ng pdeféeyey ofiitdlesén deposited, in a manner known per se, and
using a 10 predeterm ned mask, and finally in renoving the dissolvable
part of the photosensiTheefiest ntedhchque depesdsng om ddeosasing cansi sts of
t he photosensitive resin irradiated through the mask (positive

phot or esi st )posicoveiBhstofenhet ive rrasiat fpogbt photokensies vet r esi n
(negative photoresist). The second technique is the so-called LDl (Laser
Di rect | fagi agiedaiehys gerotpsems thi Yherephot 6edstivyeoheseresssekposed
directly. This technique is advantageous fromthe 20 econom c standpoi nt
since it doe?"nblereduiFe tweface obfthe ntdhklayeEordrhehtbSthis second

t echni que, the
g possibly reinforced with a metal layer, resulting from

step Bl), then subsequently irradiating the layer of
resin deposited, in a manner known per se, and using a

10 predetermined mask, and finally in removing the
dissolvable part of the photosensitive resin which,
depending on the case, consists of the photosensitive
resin irradiated through the mask (positive
photoresist) or consists of the unirradiated

15 photosensitive resin (negative photoresist).

The second technique is the so-called LDI
(Laser Direct Imaging) technique in which the
photosensitive resin is exposed directly.

This technique is advantageous from the

20 economic standpoint since it does not require the use
of a mask.

According to this second technique, the
photosensitive resin is selectively irradiated, pixel
by pixel, by a laser beam scanning the surface of the

25 dielectric coated with photosensitive resin.

The dissolvable parts of the resin are then

removed in the same way as in the conventional

technique, using positive and negative photoresists.



phot osensitive resin is selectively irradi ated, pixel by pixel, by a |laser
beam scanni ng the surface of the 25 dielectric coated with photosensitive
resin. The dissolvable parts of the resin are then renoved in the sanme way
as in the conventional technique, using positive and negative
photoresists. 31 The dissolving operation is often also referred to as
devel opnent. In order to use this secong technique, two types of |aser are’
appropriate, for exanple: a laser 5 operating in the infrared (thernmal LDI)

and a W | asgfe @P@é@ld}ﬁ%i Sod Per B30- 39 0 PR NRY B SNBE Fe F Alger § s LD ) .
More specifically, step B2) may conprise the steps consisting in: B2a)

coating certaévepaphén®f the surface of the 10 dielectric resulting from
step Bl) with a protective |layer, the parts 309, 308 that are not covered
corresponding to the regionder ntendes tloifosendid telesni@de) ntwes connect
circuitry; B2b) reinforcing the said parts not covered in 15 B2a) with a
conpl enent aryypes abf deposrtaBd Gapppbpethtel efor ochemplal |l {&tectrol essly)
and/or electrolytically; B2c) exposing the upper surface of the dielectric
by renoviong eperafbr@cil viehe ayrfrafegdsiteernal sklep) 2an@2a) YV BPaljesubj ect i ng
the nmetal deposited on the dielectric to differential etching until
conpl ete operating in the 330-370 nm wavelength range (UV-LDI).
More specifically, step B2) may comprise the
steps consisting in:
B2a) coating certain parts of the surface of the
10 dielectric resulting from step Bl) with a protective
layer, the parts 309, 308 that are not covered
corresponding to the regions intended to form the
desired interconnect circuitry;
B2b) reinforcing the said parts not covered in
15 B2a) with a complementary metal deposit 310 applied
electrochemically (electrolessly) and/or
electrolytically;
B2c) exposing the upper surface of the dielectric
by removing the protective layer deposited in step
20 B2a);
B2d) subjecting the metal deposited on the
dielectric to differential etching until complete
removal, at those parts of the dielectric which were
exposed in step B2c), of the continuous copper sublayer
25 formed in step Bl).
Step B2a) allows the regions intended to form

the desired interconnect circuitry on the surface of

the dielectric to be selecti?ely reinforced by



removal , at those parts of the dielectric which were exposed in step B2c),
of the continuous copper sublayer 25 forned in step Bl). Step B2a) all ows
the regions intended to form the desired interconnect circuitry on the
surface of the dielectric to be selectively reinforced by 32 deposition
of a thicker layer of conducting nmetal, generally having a thickness of at
least 3 pm Selectivity is ensured in tdys step by protecting the future
regions containing no circuitry. 5 According to one particul ar process,

step B2a) cogpphseeibheoBt &PEnLORSE SIAPEri b BR@hcHeRgshétan, a | ayer 307
of photosensitive resin over the entire surface of the dielectric, after

treat nent wigénéhel1eduey ey agerhiclfeERadB)at orgasg anuhmage on the

phot osensitive |layer by irradiation; B2ay) renoving the dissol vable part
of the said |ayer of phbDéosSENSLYI Ve ¢esSined| finstlkeps BRbgpthg non- cover ed
parts of the 15 protective layer are reinforced by a conplenentary netal
deposit applpedtetechgocthenfethty fetects otessaypingnudocietectrol ytically,
the latter nmethod being nore particularly preferred. The metal reinforcing
| ayer ispreferably a AQCordiey ©f eoppraltheElsr Bhoweds beste®ler st ood t hat
the inventionis not |limted to this particular enbodi nent. However, it
may be envi sBgeH EoMBEHDIFtLRAe steps consisting in:

B2ao) depositing a layer 307 of photosensitive
resin over the entire surface of the dielectric,
after treatment with the reducing agent;
10 B2aPp) forming an image on the photosensitive layer
by irradiation;
B2ay) removing the dissolvable part of the said
layer of photosensitive resin.
In step B2b) the non-covered parts of the
15 ©protective layer are reinforced by a complementary
metal deposit applied electrochemically (electrolessly)
and/or electrolytically, the latter method being more
particularly preferred.
The metal reinforcing layer is preferably a
20 layer of copper, but it should be understood that the
invention is not limited to this particular embodiment.
However, it may be envisaged to deposit a
layer of various conducting metals, such as a layer of
nickel, gold, tin or a tin-lead alloy.
25 (Electroless) electrochemical metallization
is a known technique, which is described in
“Encyclopedia of Polymer Science and Technology, 1968,

Vol. 8, 658-61".



| ayer of various conducting netals, such as a layer of nickel, gold, tin
or atin-lead alloy. 25 (Electroless) electrochemcal netallization is a
known t echni que, which is described in "Encycl opedia of Polymnmer Science
and Technol ogy, 1968, Vol. 8, 658-61". 33 Likew se, electrolytic

metal lization is a conventional technique, also described in "Encycl opedi a
of Pol ynmer Science, [lacuna] 661-63". Aggording to a particularly preferred
method 5 of inplenenting the invention, the netallization, whether

el ectrocheni cal and/orpekesise!l yeigctt61ye08tnagU1Upbtion DBtAl |ayer
having a thickness of at least 5 gm preferably a thickness of between 10

and 20 4m ¢&nobheiordl 40chnighep BZed, déberppretiethi VEntayeopdepasi ted
in B2a) is renmoved in a conventional manner known per se. A person skilled
in the art wEl pablgpert Beienpesi Dhacurahod6le6Bhe type of protective |ayer
used in a manner conpletely known per se. 15 Next, in step B2d), the netal
deposited on the diel&ctording sabpepéretditoldiiyepraféntedtwathgd until
the dielectric 314 in the future regions not containing any circuitry are
exposed t thé anplem@pténgrehfohBveRrhgneovbectetallinatighage in the
process, 20 with a continuous netal |ayer having a_surface resistivity of
0.01 to 103 whethenr phgcErpshenepalt ard/pEgrbASErAL¥REEd 8 formthe

i nterconnect circuitry and . .
continued until a metal layer having a thickness of at

least 5 um, preferably a thickness of between 10 and
20 um, is obtained.

10 In step B2c), the protective layer deposited
in B2a) 1is removed in a conventional manner known per
se. A person skilled in the art will adapt the exposing
method to the type of protective layer used in a manner
completely known per se.

15 Next, in step B2d), the metal deposited on
the dielectric is subjected to differential etching
until the dielectric 314 in the future regions not
containing any circuitry are exposed to the air, these
regions being covered, at this stage in the process,

20 with a continuous metal layer having a surface
resistivity of 0.0l to 10° Q/O. During this step, the
regions intended to form the interconnect circuitry and
the future regions containing no circuitry are etched
simultaneously. However, the thickness of metal

25 covering the regions intended to form the interconnect
circuitry 312 (track), the interconnect circuitry 311
(conducting microvia) and the interconnect circuitry

313 (pad), being greater than that covering the future



the future regions containing no circuitry are etched sinmultaneously.
However, the thickness of netal 25 covering the regions intended to form
the interconnect «circuitry 312 (track), the interconnect circuitry 311
(conducting mcrovia) and the interconnect circuitry 313 (pad), being
greater than that covering the future 34 regions containing no circuitry,
it is possible to selectively "strip" 4he coating parts having a smal

t hi ckness. The etching is generally carried out until a 5 final thickness

of the netal 1 L@y6ksOofortal RSy BoPELEsuObER) Ned. i Adyass agesusby, this
thi ckness is preferably between 5 and 18 pmin the interconnect circuitry

regions, thesspagt valyr egtoNs” behddc69tPhet phyr deNitngod sméal. 10
According to a second nethod of inplenmentation, illustrated in Figures 1la)
to 1g), in whicknassupport 101, a circuitry level 102 and the dielectric
103 are shown, step B) conprises the follow ng steps: 15 bl) form ng, on
the dielectric 103 andTha ¢behimycipvgesetdU]yachnyeed 105t oinphbt&@sensitive
resin intended to formthe selective protection, this |ayer not
cont ai ni By af toapothdckapadl ef othe|metel njagebsefuaht leashl Bivatisn; 20 cl)
irradi ating and devel oping the |ayer of photosensitive resin so as to

sel ectively eRpdseedt RIVrREa9e3S{ ¥xpbRed FoirbPe1de)s angeteriain

between 5 and 18 pm in the interconnect circuitry
regions, the remaining regions being completely devoid
of metal.

10 According to a second method of
implementation, illustrated in Figures la) to 1lg), in
which a support 101, a circuitry level 102 and the
dielectric 103 are shown, step B) comprises the
following steps:

15 bl) forming, on the dielectric 103 and on the
microvias 104, a layer 105 of photosensitive resin
intended to form the selective protection, this
layer not containing a compound capable of
inducing subsequent metallization;

20 cl) irradiating and developing the layer of
photosensitive resin so as to selectively expose
the microvias (exposed region 106) and certain
parts of the dielectric (exposed region 107);
dl) forming a sublayer 108 capable of being

25 metallized

- either by coming into contact with a
solution of a noble metal salt capable

of being reduced by the metal oxide



parts of the dielectric (exposed region 107); dl) form ng a sublayer 108
capabl e of being 25 netallized either by comng into contact with a
solution of a noble nmetal salt capable of being reduced by the netal oxi

de

35 particles

electrolytic

, - or by comng into contact with a reduci ng agent capabl e of
reducing the netal oxide particles; 5 el) electrochem cal and/or

metal lization so as to deppsit a nmetal |ayer 109 on the

parts exposed during step cl). The |l ayer of photosensitive resin may be

renmoved during a subsequentpgtef-l€ayving, on the
dielectric 113 through which a conducting mcrovia 110 passes,

10 surface of the
lines 111

and pads 112. Accordifg t oA Bhidshived hott of contgpdementata on, illustrated
in Figures 2a) to 2h), in which a support 201, a circuitry |level 202 and
the 15 dielectric 203 are shwmducirst epydB)t coagabsesof heeddoinpwilng st eps: 20
25 b2) formng a sublayer 205 capable of being netallized on the surface
of the dielectric and of tmetad cvoidasp0dickesher by coming i nto contact

with a
5

10

15

20

25

el) electrochemical and/or electrolytic
metallization so as to deposit a metal layer 109
on the parts exposed during step cl).

The layer of photosensitive resin may be
removed during a subsequent step leaving, on the
surface of the dielectric 113 through which a
conducting microvia 110 passes, lines 111 and pads 112.

According to a third method of
implementation, illustrated in Figures 2a) to 2h), in
which a support 201, a circuitry level 202 and the
dielectric 203 are shown, step B) comprises the
following steps:

b2) forming a sublayer 205 capable of being

metallized on the surface of the dielectric and of

the microvias 204:

- either by coming into contact with a
solution of a noble metal salt capable
of being reduced by the metal oxide
particles,

- or by coming into contact with a
reducing agent capable of reducing the
metal oxide particles;

c2) electrochemical and/or electrolytic

metallization so as to deposit a metal layer 206



solution of a noble nmetal salt capable of being reduced by the netal oxide
particles, or by comng into contact wwth a reducing agent capabl e of
reducing the netal oxide particles; c2) electrochem cal and/or

el ectrolytic netallization so as to deposit a netal |ayer 206 36 on the
dielectric and on the mcrovias; d2) formng, on the netallized surface, a
| ayer 207 of photosensitive resin integgled to formthe selective
protection; 5 e2) irradiating and devel oping the | ayer of photosensitive

resin so as to sebgcth¥elye BXPOSE: £RATShNLRArhScobvihg; netal layer. A
protective resin |ayer 210, 209 remains on certain parts of the netal

| ayer; 10 f2) rena¥j nfothengpteh teyetetsadiiibe parfac@P8a expesed during
step e2); g2) renoving the |ayer of photosensitive resin. The surface
obt ai ned has surfagesobfphbecdénsielieet resi2lintendeétietcofidust ting m crovi as
211 through the dielectric, of the lines 211 and the pads 213. According
to another of itssatpetive phetéavention relates to the use of the process
according to the invention for the production of printed circuits 20 and
of nultildayer node?bsiyusdantingapneéddapboping the layer of

photosensitive resin so as to selectively expose
certain parts of the metal layer. A protective
resin layer 210, 209 remains on certain parts of
the metal layer;
10 f2) removing the metal layer from the parts 208
exposed during step e2);
g2) removing the layer of photosensitive
resin.
The surface obtained has surfaces of the
15 dielectric 214, of the conducting microvias 211 through
the dielectric, of the lines 211 and the pads 213.
According to another of its aspects, the
invention relates to the use of the process according
to the invention for the production of printed circuits
20 and of multilayer modules (usually called MCMs or
multichip modules in the art) having a high integration
density.
Further details and advantages of the
invention will become more clearly apparent in the
25 light of the example given below solely by way of
indication and describing the manufacture of a printed

circuit.



mul tichip nodules in the art) having a high integration density. Further
details and advantages of the invention will becone nore clearly apparent
in the 25 light of the exanple given below solely by way of indication and
describing the manufacture of a printed circuit. 37 5 10 PREPARATI ON 1:
This preparation illustrates the manufacture of a nonwoven web, consisting
of aramd fibres, which is inpregnatedwith dielectric resin. A '
pol yam dei mi de resin was produced from trlnelllc anhydri de,

di i socyanatotol uene (appEpiRier®f 1the 2,4 and 2,6 isoners in the ratio
80/20) and terephthalTcacrd(Tm the trlnelllc anhydri de/terephthalic
acid nolar ratio: 60/4fhis Theegh tsOCyaNat dudt 2eta] ti0d hdeupaeraad and
the trinmellic anhydride plus terephthalic acid conbination on the other
were in stoigshi onedbriveve@mpetnf Scoldl st pod yam sleamd def Liese s, walsicbt ai ned in
a 15 polar solvent, nanely 1, 3-di net hyl-2-im dazolidinone (DVEU). At the
end of pol ycondensatgoatead whtla dsodlastrtontentnof 21% its viscosity at
20' C was 630 poise. The resin/solvent mxture is called collodion. A
nonwoven,5 consi sti ng ok phbyaneddiniddefresin was produced from

trimellic anhydride, diisocyanatotoluene (a mixture of
the 2,4 and 2,6 isomers in the ratio 80/20) and
terephthalic acid (in the trimellic
anhydride/terephthalic acid molar ratio: 60/40).

10 The diisocyanato [lacuna] on the one hand and
the trimellic anhydride plus terephthalic acid
combination on the other were in stoichiometric
amounts.

This polyamideimide resin was obtained in a

15 polar solvent, namely 1,3-dimethyl-2-imidazolidinone
(DMEU) . At the end of polycondensation, with a solids
content of 21%, its viscosity at 20°C was 630 poise.
The resin/solvent mixture is called collodion.

A nonwoven, consisting on the one hand of

20 non-overdrawn KERMEL® polyamideimide fibres and on the
other hand of pulp of TWARON® aramid fibres in a weight
ratio of 50/50 was produced continuously, with a
grammage of 55 g/mz, by a dry route. This web, highly
hot-calendered, was then impregnated with the

25 polyamideimide resin prepared above, using a “size
press”

On leaving the “size press”, the impregnated

web was immersed in a coagulation bath consisting of a



20 non-overdrawn KERMELO pol yam dei m de fibres and on the other hand of
pul p of TWARONO aramd fibres in a wight ratio of 50/50 was produced
continuously, with a 2 granmage of 55 g/mr by a dry route. This web,

hi ghly hot-cal endered, was then inpregnated with the 25 pol yam dei m de
resin prepared above, using a "size press". on leaving the "size press",
the i npregnated web was imersed in a c§%gulation bath consisting of a 38
DVEU/ wat er mixture in a weight ratio of 60/40 mai nt ai ned at 20C. The web
thus '”pfegn@&ﬁ@/wﬁéercralﬁegféegnagdwébgﬂtdfaggo Lp goggyntercurrent, by a

successi on of spray nozzles supplied at the downstream 5 end of the mashlng

system wi th pyygc¥ehed, avhpehe, QTI@QUﬁé}bYtlbﬁgaﬂﬁ%E@@ﬁQ@QdVWéB DMEU in its
novenent towards the upstream Sonme of the washing liquid was wused to

automati cal | yalegqetédbantiechdbe ¢o0Ppasi inoa oduntdeceoagut ptbenabath. 10
After washing, the inpregnated web was continuously dried in a fan oven at
a tenperat ursuotesdOf. oAf spradryongles hssppbbetiagit abhevévahst rgammuage of
93 g/n2. The irregular edges were cut off to 15 give a web 92 cmin wdth.
PREPARATISON @nd Thf stpeepashingnsystestwvatesprhe wahefacviuieh of a
Cu20-filled dielectric conprising an internal |ayer
gradually became charged with DMEU in its movement
towards the upstream. Some of the washing liquid was
used to automatically reequilibrate the composition of
the coagulation bath.
10 After washing, the impregnated web was
continuously dried in a fan oven at a temperature of
140°C.
After drying, this web had an overall

grammage of 93 g/mz. The irregular edges were cut off to

15 give a web 92 cm in width.

PREPARATION 2:

This preparation illustrates the manufacture
of a Cu,0-filled dielectric comprising an internal layer
20 consisting of a nonwoven web of aramid fibres, the
surface stripping of this dielectric, the reduction of
the Cu,0 to metallic copper and the copperplating of the
resulting dielectric, on both its sides.
Some of the collodion prepared in Preparation
25 1 was taken and mixed with pulverulent cuprous oxide.
The Cu,0/polyamideimide collodion weight ratio
was 14.6%. This mixture was passed through a so-called

“three-roll” machine normally used for preparing



20 consisting of a nonwoven web of aramd fibres, the surface stripping of
this dielectric, the reduction of the Cu20to netallic copper and the
copperplating of the resulting dielectric, on both its sides. Sone of the
collodion prepared in Preparation 25 1 was taken and m xed with

pul verul ent cuprous oxide. The Cu20/pol yam dei m de col |l odi on weight ratio
was 14.6% This m xture was passed throygh a so-called "three-roll"
machi ne normal ly used for preparing 39 paints. The recovery doctor bl ade

of the last yol)gdebiyeres,fe 2 SUSPEHBAQD bt Ohd hEasesiAL1Ithi S
suspensi on bei ng conpl etely honbgeneous, and was used to coat the web

i npr egnat ed d&1 Rrepad ad i oncl.sispEIs iceatint® WAk easgigd s in "ful | bat h"
node and the transfer of filled resin was regulated by a set of two
rotating rol $gspétseeh vibé tngochmp 1 bt @le shorlbge cooposi dhdmwas dded coat i ng
resin was kept constant by a punp which circulated it in a closed 10 | oop.
As the coat etlo weba tovieel wehwaimsrednapsdedn Phepaghtaonel ectrical drying
oven before conming into contact with the cooled return roll, which
returned & he web to thEhei cddbhineteas operibedrastr emenfubi paeht hi ckness of
the coated web, determ ned using a mcroneter gauge, showed that 63 pm of
filled resi nMmoge a@edothe ctranseaehosi fitl bedt HResineha ? aseqitd 7eE Y bot h

si des were coated identicallyg: The web thus prepared passed. between two
a set of two rotating rolls fitted with doctor blades.

The composition of the coating resin was kept

constant by a pump which circulated it in a closed
10 loop.

As the coated web moved upwards it passed
through an electrical drying oven before coming into
contact with the cooled return roll, which returned the
web to the winding station.

15 Measurement of the thickness of the coated
web, determined using a micrometer gauge, showed that
63 ym of filled resin was deposited on each side of the
web (assuming that both sides were coated identically).

The web thus prepared passed between two

20 abrasive rolls rotating in the opposite direction to
its movement. The coated web, having a shiny surface at
entry, left with a matt finish and a brighter red
colour than originally.

The web thus stripped on the surface was then

25 reduced by a potassium borohydride solution. The
aqueous reduction bath contained, in solution: 0.5% of
sodium hydroxide, 1% of carboxymethylcellulose, 5% of

potassium borohydride and 1% of an aqueous solution




20 abrasive rolls rotating in the opposite direction to its novenent. The
coated web, having a shiny surface at entry, left with a matt finish and a
brighter red colour than originally. The web thus stripped on the surface
was then 25 reduced by a potassium borohydride solution. The aqueous
reduction bath contained, in solution: 0.5% of sodium hydroxide, 1% of

car boxymet hyl cel | ul ose, 5% of potassi ufg borohydri de and 1% of an aqueous
solution 40 containing 1% of a surfactant. The bath was continuously

stirred by aiénbLifth$ubbl & & Nnsudhgc @i Washgubgkh Ywagmersed in the
reduction bath (contact for about 5 s) and then the reactant 5 entrained

by the web itohtEndous pfseithed Byl air daeieg bulbbbhed fmr about one mnute.
The web was then continuously rinsed by passing it through an exhausted
bat h and then subj ect ethe twelhatras gpicylngimmebsed b dese wedudtiah!|y the
liquid 10 water on the surface was renoved by running the web past

conpr essed- abath| cvpmarozEdesabdhie Susf azrd thel stheirgsadpeameen point

el ectrodes was then between 15 and 30 O [lacuna] for a distance of 20 cm
The web thuseprepined bPyerhpaserdin hilrighormm af & ofwer cf Blm crraseed
copperplating bath in which return, rolls increase the residence tine in
the bath. Afierais £of p@et RRtBERUtehe copper deposit was about 1 m on

each side of the web. This deposit could then have begen éqgreased by
passi ng through a coppEresUERHERS HreR i pgrtinuously rinsed Dy

passing it through an exhausted bath and then subjected
to water spraying on both sides, and finally the liquid
10 water on the surface was removed by running the web
past compressed-air blowing nozzles. The surface
resistivity between point electrodes was then between
15 and 30 Q [lacuna] for a distance of 20 cm.
The web thus prepared then passed through a
15 commercial chemical copperplating bath in which return
rolls increase the residence time in the bath. After 15
minutes’ contact, the copper deposit was about 1 um on
each side of the web. This deposit could then have been
increased by passing through a copper sulphate plating

20 bath.

PREPARATION 3:

This preparation illustrates the formation of
a circuitry on each side of the metallized dielectric
25 obtained in the previous preparation.
Specimens cut from the web, copperplated on
both sides in Example 2, were then able to be made in

the form of a circuit using the “pattern plating”



20 bath. PREPARATION 3: This preparation illustrates the formation of a
Gircuitry on each side of the netallized dielectric 25 obtained in the
previ ous preparation. Specinens cut fromthe web, copperplated on both
sides in Exanple 2, were then able to be nade in the formof a circuit
using the "pattern plating” 41 technol ogy, which includes: the cal endering
of a dry "photoresist” filmon each sigle; its irradiation through masks
brought into contact 5 with the substrate; the devel opment using a mld
basi c sol utieacheavodyg, wlyhthecnegeast ve part of the mask unchanged; and
finally the electrolytic reinforcement of the exposed copperplated parts.
10 The el ects oltpiel calendkaitemedft awas ycadphioed reauts ti“n fai mague @ashbat h
containing 75 g/l of copper sulphate (CuS®.5H20) and 2 nol/litre of
sul phuric aci dsideggether with a commercial brightener. The anodes of the
devi ce consisted of pure copper plates enclosed in 15 bags consisting of
fine cloth nadétsf igyadietiiony &hyoughTie séiseSrogiondi § nder comtagds set at 3
Al dnR2. After about ten mnutes, the electrolytic reinforcenent was stopped
and the treat e¥idPediifefuhEs rAitesed. The rest of the photoresist filmwas
then 20 dissolvyed usi a strongly basi.¢c solution, revealin
e the deveQ%pment uéi&% a mfid %asic solution lé%ving
only the negative part of the mask unchanged;
e and finally the electrolytic reinforcement of the
exposed copperplated parts.
10 The electrolytic reinforcement was carried
out in an aqueous bath containing 75 g/l of copper
sulphate (CuSO4+5H,0) and 2 mol/litre of sulphuric acid,
together with a commercial brightener. The anodes of
the device consisted of pure copper plates enclosed in
15 Dbags consisting of fine cloth made of synthetic yarns.
The electrolysis current was set at 3 A/dm®. After about
ten minutes, the electrolytic reinforcement was stopped
and the treated specimen was rinsed.
The rest of the photoresist film was then
20 dissolved using a strongly basic solution, revealing
the desired circuit as an additional thickness with
respect to the thin copperplated base. The difference
in thickness between these two regions was about 9 um
on both sides.
25 Lastly, the double-sided circuit was immersed
in a gently stirred aqueous bath containing 10% ferric

chloride and, after two minutes, it was rinsed with

water. Only the desired circuit then appeared, with a



the desired circuit as an additional thickness with respect to the thin
copperpl ated base. The difference in thickness between these two regions
was about 9 pm on both sides. 25 Lastly, the double-sided circuit was
immersed in a gently stirred aqueous bath containing 10%ferric chloride
and, after two mnutes, it was rinsed with water. Only the desired circuit
t hen appeared, with a 42 highly matt f4nish, on a base free of copper.
Running the product rapidly through an acid bath containing 1% sul phuric

acid restoregi ey bhaght NESSsOf dMea COPPETN £r&: T 681 ¢Sppdh| CRuMBI gt hen
rinsed and dried. 5 EXAMPLE The Cu20-filled dlelectrlc resin prepared in

Preparati on 2haasroded: togedhertitdbgh hen desbd ebstidedodathigyi 1% produced
in Preparation 3. The resin was spread over one side of the circuit using
a Meyer doctsulphadec aoiddresdobyd passibgightnase af fame oveppéor 15

m nutes at 190C. The sane operation was carried out on the other side and
then the circurtuivas, abhadedvéye pelsei ngindédiandedweed. t wo abrasive rolls,
as in Preparation 2. The average increase in thickness of the doubl e- si ded
circuit Was 112 pm i.e. 56 pmper side assuming an identical deposit. The
planarity of the circuit was satisfactory. 20 The drilling operations were
then carried out, on 2%MPSEde, using a C2 | aser according to a

The Cu,0-filled dielectric resin prepared in
Preparation 2 was used, together with the double-sided

10 circuit produced in Preparation 3. The resin was spread
over one side of the circuit using a Meyer doctor blade
and dried by passing it into a fan oven for 15 minutes
at 190°C. The same operation was carried out on the
other side and then the circuit was abraded by passing

15 it between two abrasive rolls, as in Preparation 2. The
average increase in thickness of the double-sided
circuit was 112 um, i.e. 56 pm per side assuming an
identical deposit. The planarity of the circuit was
satisfactory.

20 The drilling operations were then carried
out, on each side, using a CQO, laser according to a
preestablished drawing. This drilling was carried out
directly without any particular preparation of the
specimen. Examination in a binocular microscope showed

25 that the drillholes were roughly circular with a
diameter in the upper part of about 80 pm.

A reduction operation was then carried out,

followed by chemical copperplating as indicated in



preestablished drawing. This drilling was carried out directly w thout any
particul ar preparation of the specinen. Exam nation in a binocul ar

m croscope showed 25 that the drillholes were roughly circular with a

di aneter in the upper part of about 80 pm A reduction operation was then
carried out, followed by chem cal copperplating as indicated in 43
Preparation 2. Finally, the operations glgscribed in Preparation 3 were
carried out so as to obtain thereafter a multilayer circuit of four

level s, the prigyessidnand 2 of which, on the one hand, and levels 3 and 4
of which, on the other hand, were interconnected. The procedure
exenplified above (thersnd] egl ohe tdbor£xbdms edesotied hem be repeated for
t he purpose of adding two new circuit |levels. WO 02/1150344PCT/ FRO1/ 02465
CLAI M5 1. Proeespafatiqn oBlucéng @acriediduy songpsiso ngottaiucti ng tracks,
pads and mcrovias, on 5 the upper surface of a dielectric consisting of a
pol ymer mat ritkkeredf e onpouhtl tapabl @ ofuindeti hgur seebsientheret al | i zati on
and, where appropriate, of one or nore other, non-conducting and inert,
fillers, Xhelagerd Hianec?rot woielri ngn atke rens thgndevandokededd #retal | i zed
| ayer, by inplementing the steps consisting in: A) drilling right through

t he said die@%@t?i%fmw h%%{ on the other hand, weré interconnected.
The procedure exemplified above (the subject

of this example) could then be repeated for the purpose

of adding two new circuit levels.



drilling the subjacent netallized |ayer or the subjacent circuitry |evel
so as to formone or 15 nore mcrovias at the desired | ocations; B)
formng, by netallization, nmetal tracks, pads and 20 25 netal oxi de chosen
fromCu, Co, C, Cd, Ni, Pb and Sb mcrovias on the surface of the

dielectric and of the mcrovias wth the use of selective protection by
deposi ti on of0a0pfbt2edive layer. 2. Prdfess accordi nfR/ Qi H2465
characterized in that the conpound capabl e of inducing subsequent
metal li zati on consists of particles of a oxides and m xtures thereof. 3.
Process according to claim1, charactexiM®d in that the laser drilling is
carried out in step A by neans of a laser. 45 4. Process according to
claim1l, characterized in that the metallization is carried out on a

subl ayer capable of being netallized, which was forned previously on the
surface of the microvias, abhdo&essn fhe suerflacenofatberduetegtric or of
parts of the surface of the dielectric. 5. Process according to claim1,
char act eri zedohprifangt penderpbvdt taphdl ePads | addchhgrosiidseqoent
netal li zati on consists of particles of _a 10 netal oxide chosen from Cu, Co,
Cr, Cd, N, Pheanersh sekfdes ahd2nfkeleesriferedfishidi Afthat step B)

polymer matrix, of a compound capable of inducing

subsequent metallization and, where appropriate, of one

or more other, non-conducting and inert, fillers, the

said dielectric covering a circuitry level or a

10 metallized layer, by implementing the steps consisting
in:

A) drilling right through the said dielectric without
drilling the subjacent metallized layer or the
subjacent circuitry level so as to form one or

15 more microvias at the desired locations;

B) forming, by metallization, metal tracks, pads and
microvias on the surface of the dielectric and of
the microvias with the use 0of selective protection
by deposition of a protective layer.

20 2. Process according to claim 1,
characterized in that the compound capable of inducing
subsequent metallization consists of particles of a
metal oxide chosen from Cu, Co, Cr, Cd, Ni, Pb and Sb
oxides and mixtures thereof.

25 3. Process according to claim 1,
characterized in that the laser drilling is carried out

in step A) by means of a laser.



conprises the steps consisting in: Bl) formng a sublayer capabl e of being
nmetallized on the surface of the mcrovias, and on the surface of the 15
dielectric or of part of the surface of the dielectric, by subjecting al
or part of the dielectric to the reducing action of a suitable reducing
agent until a netal sublayer covering, in particular, the mcrovias 1is
obt ai ned, by reduction of the netal oxige particles 20 on the exposed
surface of the dielectric, the [lacuna] resistivity of which is between

0.01 and 1010 Q' *; B2)4prodpebh8sd gke6HEiAY €6MBLASKNG, tracks, pads and
m crovias by inplenenting a sequence of treatnent steps conprising, in a

sui tabl e ordeharsteprikedoin2bhet eeheogbealtakatebrcisotess)eanghor
el ectrolytic netallization and step (ii) of selective protection by
deposi ti on obnaapsabkayevechpyble 6f Pebrogssetetdidedg vbhichawas5, 46
characterized in that step B2) includes an etching step (iii). 7. Process
accor di ng t ofetmed Brevhanatyeenzelei surhacesofntheepi8typviae, sahfiayer is
formed over the entire surface of the dielectric and of the mcrovias,
this sulf ayer beenguripeeecofipphepdialectresnedreédraytsnefatrhezati on over
all of the dielectric and of the mcrovias; 10 step B2) involves the
i npl enent at | BWrEprAeoPlekhneofllel AECFSFt owi ng steps B2a) to B2d):
5. Process according to claim 1,
characterized in that the compound capable of inducing
subsequent metallization consists of particles of a
10 metal oxide chosen from Cu, Co, Cr, Cd, Ni, Pb and Sb
oxides and mixtures thereof, and in that step B)
comprises the steps consisting in:
Bl) forming a sublayer capable of being metallized on
the surface of the microvias, and on the surface of the
15 dielectric or of part of the surface of the dielectric,
by subjecting all or part of the dielectric to the
reducing action of a suitable reducing agent until a
metal sublayer covering, in particular, the microvias
is obtained, by reduction of the metal oxide particles
20 on the exposed surface of the dielectric, the [lacunal]
resistivity of which is between 0.01 and 10*° @/00;
B2) producing a circuitry comprising tracks, pads and
microvias by implementing a sequence of treatment steps
comprising, in a suitable order, step (i) of
25 electrochemical (electroless) and/or electrolytic
metallization and step (ii) of selective protection by

deposition of a protective layer.

6. Process according to claim 5,



B2a) coating certain parts of the surface of the dielectric resulting from
step Bl) with a protective layer, the parts that are not covered
corresponding to 15 the regions intended to formthe desired interconnect
circuitry; B2b) reinforcing the said parts not covered in B2a) wth a
conplementary netal deposit applied electrochemcally (electrolessly)
and/or 20 electrolytically; B2c) exposigqy the upper surface of the
dielectric by renoving the protective |ayer deposited in step B2a); B2d)

subj ecting tdiga repded r DeP@Sih eghon dtep BB echdlgded Oakli i @ eng i ste@t ching
until conplete renoval, at 25 those parts of the dielectric ich were
exposed in ¢iep) B2c), of the sublayer formed in step Bl). 8. Process
according to claim7, characterized in that step B2a) conprises the steps
47 consisting in: B2a(%) deposéesnhgpecdaying ofo phbaosensitive resin over
the entire surface of the dielectric, after treatnment wth the reducing
agent; 5 Bad)atagwenizes imugeaton the photosensitive | ayer by
irradiation; B2ay) renoving the dissolvable part of the said |ayer of

phot osensi tivelPesitRP 81)ptdeesybiarsirdiifg fegmedarives, the eraiset eri zed in

that the reducing agent for formng the sublayer in step Bl) is an
al kal i ne boroh?&gF& e of the dielecCtric and of the microvias, this

sublayer being, where appropriate, reinforced by
metallization over all of the dielectric and of the
microvias;
10 ¢ step B2) involves the implementation, in order, of
the following steps B2a) to B2d):
B2a) coating certain parts of the surface of the
dielectric resulting from step Bl) with a protective
layer, the parts that are not covered corresponding to
15 the regions intended to form the desired interconnect
circuitry;
B2b) reinforcing the said parts not covered in B2a)
with a complementary metal deposit applied
electrochemically (electrolessly) and/or
20 electrolytically;
B2c) exposing the upper surface of the dielectric by
removing the protective layer deposited in step B2a);
B2d) subjecting the metal deposited on the dielectric
to differential etching until complete removal, at
25 those parts of the dielectric which were exposed in
step B2c), of the sublayer formed in step Bl).
8. Process according to claim 7,

characterized in that step B2a) comprises the steps



the reduction being carried out by bringing the said dielectric into
contact with an aqueous solution of the said borohydride until a
continuous nmetal |ayer having 15 a surface resistivity of between 0.01 and
1010 c/”™ is obtained. 10. Process according to claim5b, characterized in
that the dielectric consists of: from1l0 to 90% preferably from25 to
90% by 20 weight of nmetal oxide; - frog0 to 50% by wei ght of inert
non-conducting filler(s); and from10 to 90% preferably from 10 to 75%
by weight ofopeiyfergrestn; 25 and in that in step Bl) the reduction is
continued wuntil a surface resistivity of between 0.01 and 103 Q" is

obt ai ned, thp2aejalikpdaitdngi 8 3aeprB3fF brovgsenisitied ovkin over

el ectrolytically. 48 11. Process according to claimb5, characterized in

t hat the net bheosnterpastrfées afetheupieliscbxide phtérctesamentn that, in
step Bl) a netallic copper sublayer is deposited on the exposed 5 surface
of the said dithethejreduoingragest:according to claim5, characterized in

that the metalljzation in step B2) consists of a netallic copper deposit.
13. Procéss Beéel) df pming cami Hnage 100 chbe aeheipgersihivaatayes kvnpound

capabl e of inducing , Ssubsequent netallization consists of particles of a
irradiation;

B2ay) removing the dissolvable part of the said layer of
photosensitive resin.
9. Process according to claim 5,

10 characterized in that the reducing agent for forming
the sublayer in step Bl) is an alkaline borohydride,
the reduction being carried out by bringing the said
dielectric into contact with an aqueous solution of the
said borohydride until a continuous metal layer having

15 a surface resistivity of between 0.01 and 10%° @/O is
obtained.

10. Process according to claim 5,
characterized in that the dielectric consists of:
- from 10 to 90%, preferably from 25 to 90%, by

20 weight of metal oxide;

- from 0 to 50% by weight of inert non-conducting
filler(s); and

- from 10 to 90%, preferably from 10 to 75%, by
weight of polymer resin;

25 and in that in step Bl) the reduction is continued
until a surface resistivity of between 0.01 and 10° Q/0
is obtained, the metallization in step B2) being

carried out electrolytically.



met al oxi de chosen fromCu, Co, C, Cd, Ni, Pb and Sb oxides and m xtures
thereof and in that step B) conprises the steps consisting in: 15 Bl)
form ng a subl ayer capable of being netallized on the surface of the

m crovias, and on the surface of the dielectric or of part of the surface
of the dielectric, by subjecting all or part of the dielectric to the
action of a solution of a noble netal sgdt capable of 20 being reduced by
the oxide particles; B2) producing a circuitry conprising tracks, pads and
m crovias by carrying puf apseceiescecodbrdieqt bentlsieps, conprising, in a
suitable order, step (i) of electrochem cal (electroless) and/or

el ectrol yti ccRéraetatizedtiontlaad shepnéta) oftidelpettielepsotesti on by
deposition of a protective layer. 14. Process according to claim 2,

charact eri zetupnothatxsdeppByt cohps i a3ed ihethiat] owh ngtell® Bikps: bl)
formng, on the dielectric and on the mcrovias, a |ayer of photosensitive
resin intendegtabliorperper sebbayevelpréeresioed omikhe sgeposed cont ai ni ng
a 5 conpound capabl e of inducing subsequent netallization; «cl) irradiating
and deveﬁopi%@rgﬁ%el%§e?h%fsab%d@b%%%%F¥%9e resin so as to selectively
expose the mcrovias f%d certain parts gf t he di Iec;$ic; dl) formng a
subl ayer capabl e of betfy nef@FFF2edCCIHERENE? DY EBning into contact with

a solution 8£a9ag€g£§zg§tfﬁ égé% gﬁgaﬁégafiization in step B2)

consists of a metallic copper deposit.
13. Process according to claim 1,

10 characterized in that the compound capable of inducing
subsequent metallization consists of particles of a
metal oxide chosen from Cu, Co, Cr, Cd, Ni, Pb and Sb
oxides and mixtures thereof and in that step B)
comprises the steps consisting in:

15 Bl) forming a sublayer capable of being metallized on
the surface of the microvias, and on the surface of the
dielectric or of part of the surface of the dielectric,
by subjecting all or part of the dielectric to the
action of a solution of a noble metal salt capable of

20 being reduced by the oxide particles;

B2) producing a circuitry comprising tracks, pads and
microvias by carrying out a sequence of treatment steps
comprising, in a suitable order, step (i) of
electrochemical (electroless) and/or electrolytic

25 metallization and step (ii) of selective protection by
deposition of a protective layer.

14. Process according to claim 2,

characterized in that step B) comprises the following



bei ng reduced by the netal oxide particles, or by comng into contact with

a reduci ng agent capable of reducing the netal is oxide particles;

el)

el ectrochem cal and/or electrolytic netallization so as to deposit a netal

| ayer on the parts exposed during step cl)

claim2, 20
b2) form ng

dielectric and of the m crovias:

sol ution of
particles,

or by comng into contact with a 50

characterized in that step B) conprises the foll ow ng

15. Process according to

st eps:

a subl ayer capable of beingeetallized on the surface of the

25 either by coming into contact with a

ec@ebl e nmetal salt capable of being reduced by the nmetal oxide

reduci ng t heblnefarmdxgdeopathe cieslec2yiel @odrocheng calcaodias, a
el ectrolytic netallization so as to deposit a netal |ayer on the
dielectric ahdyen o5 phetosensviass ve3iformiengdednte hEormtihéi zed surface,

a |layer of
protection;
resin so 5as

10

15

20

25

phot osensitive resin intended to formthe sel ective

reduci ng agent capabl e of

eolectivdi RYPRYGChhEN deVilei ®pl aye T heot agertafning phot osensi ti ve

to selectivelg expose , . _
compound capable of inducing subsequent metallization;

cl) irradiating and developing the layer of
photosensitive resin so as to selectively expose the
microvias and certain parts of the dielectric;

dl) forming a sublayer capable of being metallized

- either by coming into contact with a

solution of a noble metal salt capable of

being reduced by the metal oxide particles,

- or by coming into contact with a

reducing agent capable of reducing the metal

oxide particles;
el) electrochemical and/or electrolytic metallization
so as to deposit a metal layer on the parts exposed
during step cl).

15. Process according to claim 2,
characterized in that step B) comprises the following
steps:
b2) forming a sublayer capable of being metallized on
the surface of the dielectric and of the microvias:

- either by coming into contact with a
solution of a noble metal salt capable
of being reduced by the metal oxide
particles,

- or by coming into contact with a



certain parts of the netal layer; f2) renoving the netal |ayer fromthe
parts exposed during step e2); g2) renoving the | ayer of photosensitive
resin. 15 16. Process according to claiml, characterized in that the
dielectric surface is obtained froma lam nated article conprising a |ayer
of netal and a layer of the said dielectric, consisting of a polyner
matri x, of a conpound capabl e of inducigg 20 subsequent netallization and,
where appropriate, of one or nore other, non-conducting and inert,

fillers. 17. Use of the progceascargOhgent t8paBYeOBe reHuekaymend to 16 for
t he production of printed circuits and of nultilayer nodul eS having a high

25 integration density. 18.methCUbkiYeCpAptisleg;tracks, pads and

m crovi as, capable of being obtained by inplenmenting a process according
to any one ot2¢l allasttothemficabland@orPeilatedotiyttni metaipizathgnat | east
one circuitry according to claim18. 20. Miltilayer nodul e conprising at
| east one cepcabtty deposding metelalayd8. on the dielectric and on

5 the microvias;
d2) forming, on the metallized surface, a layer of
photosensitive resin intended to form the selective
protection;
e2) irradiating and developing the layer of

10 photosensitive resin so as to selectively expose
certain parts of the metal layer;
f2) removing the metal layer from the parts exposed
during step e2);
g2) removing the layer of photosensitive resin.

15 16. Process according to claim 1,
characterized in that the dielectric surface is
obtained from a laminated article comprising a layer of
metal and a layer of the said dielectric, consisting of
a polymer matrix, of a compound capable of inducing

20 subsequent metallization and, where appropriate, of one
or more other, non-conducting and inert, fillers.

17. Use of the process according to any one
of claims 1 to 16 for the production of printed
circuits and of multilayer modules having a high

25 integration density.

18. Circuitry comprising tracks, pads and
microvias, capable of being obtained by implementing a

process according to any one of claims 1 to 16.



51
19. Printed circuit comprising at least one
circuitry according to claim 18.
20. Multilayer module comprising at least

one circuitry according to claim 18.



