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for producing an interconnect 01rcu1try 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 1s 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.

An embodiment of the process of the
invention meets these requirements by producing a
“fine line” circuiltry characterized by track and
intertrack widths of less than 100 m and hole or via

diameters of less than 100 pm.
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According to one of its embodiments, the
invention provides a process for forming and for
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
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
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
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- coating the part forming the interconnect .
éircuitry with a protecti&e layer; then
15 7 | - = etching the unprotected metal.
EP B2 094 also describes a simplified process
for metallizing plastic substrates in which an
electrically insulatiné substrate is firstly formed by
combining a polymer_resin with cbpper oxide particles,
20 then at least some of the.cuprous'oxide present in the.
said résin is reduced to metallic copper, and then the
desired metal layer is depoéited, the said process
being especially characterized in that the reduction to
metallic copper is carfied out by ﬁhe action of a
25 Dborohydride and in that it comprises neither ah
actiﬁation step nor a sensitization step.

- The fabrication of interconnect circuitries

obtained from the metallized element obtained by




1 Process for producing a circuitry conprising conductbRg sahi,acksSpopads and
m crovias and the use of this process for the production of printed
circuits and of nultilayer nodul es having a high integration density The
invention relates to an inproved process for producing an interconnect
~circuitry having a high integration density and conprising conducting
tracks, pads and mcrovias. Wthin the context of the invention, the term

"microvias" ihs)&neer 51§0thd 0p FBASs & &F GTPIEEPd4 ONtSyo PASSI fgegd ght t hrough
the thickness of a dielectric layer. Wthin the electronics field, there
is a trend sowhlals optimure pleskcibed nladwe | zadpeoni anldy fowmarlds 1 ncr easi ng
performance in ternms of speed. These trends are accentuated by the grow ng
use of surf aeerredfintedt eErguhent End ckass BGA/ CGA, CSP or other flip- chip
conponents. Integratio mglernst_i,;{ri1 cIalti o és. dveési roarbl N ivne CLth[ %EO dei ansi ons:
both in an axial direct]on by "SttcessT vatyr Erdckihy everY S Himer

di el ectric/ coppesss | @YREwind M 0 Shefortfe @b ajtrac-way tdd@yeindand in the

pl ane perpendicular to this direction by bringing ever finer tracks and
pads cl oser Mbgededs) AP dpb ottty ofoxnrd mbddss virfare dfhvention neets

hese T equltgTEIL S, byc PEOENELIG e {1 16 SISl W 1ok St ot 2ed by

f ac SS t han m-a o) or Via di aneters
of |ess thanci®Oupte, rdatwidryi 28 L and multilayer modules

having a high integration density. This process, apart
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.

In one aspect, the process of the 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 metalllization and, where appropriate, of
one or more cother, non-conducting and inert, fillers,

.the sald dielectric covering a circuitry level or a
metallized layer, by implementing the steps consisting
in:

A) drilling right through the said

dielectric without drilling the subijacent

metallized layer or the subjacent circuitry
level so as to form one or more microvias at

the desired locations;




Moreover, this process ensures excellent adhesion of bthe mgial.| ayges to
the dielectric substrate and limts the underetching phenonena; that is
to say it prevents non-uniformetching at the mcrovias. Another

enbodi nrent of the process of the inverftion is furthernore economnically
advantageous in so far as it sinplifies the overall procedure for
netallizing the vias, pads and tracks by reducing the nunber of steps.

According to one of its) epbagim@ntisy hd€a1latdon ROV dess & Process for
formng and for netallizing blind holes or mcrovias in a dielectric

covering a first circupddy devehiaroa dd rat tret adltzece d@aydre W t hout any
damage to the said first circuitry level or to the said first netallized
| ayer. A convention prétebectinie mngrobrilyg tmicnnisias swith cdre yagy out the

succession of the follow ng various steps: -- etching and possibly
oxidizing a netallized ISHEFCSUFpRIXF DY el FERITEEXIOET & rangenent ) ;

- cutting one or nore nj Vi inthe dielectric at the places where the
netal |ayer has been Ige%%%%at%a% ]g%éfedrl'zed; - carrying out a surface
treatment by oXidi zi NthéCdOr ikt 1Y) {OF 15 rdi 4 iy oddaikitry 27 January
2005 3 pronote the su.bse%uent bondi ng of netal particles; - sensitizing and
activating taed r@sivlineg Laygrpaead/ phedeppsits <k inni ayerdsaloly bei ng

- carried out various types on defined parts. Thus, metal tracks,
pads and microvias may be formed which are separated
in places and supported by layers of dielectric.

The tracks, pads and microvias may form an
interconnect circuitry.

The tracks may be circuitry parts positioned
on the surface of a dielectric. They are generally in
the form of thin lines.

The circuitries according to an embodiment
of the invention may comprise several circuitry
levels.

Each circuitry level may correspond to a
number of tracks on the surface of a dielectric. The
circuitry levels may be 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 may
correspond to a widening of a metal deposit in the
regions where the microvias open out. Such structures
are known to those skilled in the art.

According to ancther embodiment of the
invention, the tracks, pads and microvias are formed

on the upper surface of a




by imrersion in an acid solution of a stannous salt; 5.and the. actigpation.
. possibly being carried out by dipping in an aqueous solution of a )

pal l adiumsalt; - electrolessly netallizing the resulting activated
surface, the mcrovias also being netallized .during this operation; 10 15
- possibly reinforcing the netal |ayer q?tained by subsequent el ectrolytic
metallization; - drying and brushing the resulting surface; -- coating the

- part formluh£4¥%é€yﬁggﬁﬂnﬁgn¥nééﬁg%i%gédﬁ%égngegég%gggigg !ayer; t hen -

etching the unprotected netal. : : es asinplified
process for m@;ﬂﬂgz'é_%s@q%@dtcné%*aatl&%g;om WAECh;@fecebpetrical ly

i nsulating substrate is firstly forned, “compining a polyner resin with

-copper oxi dexfard & %&-rcaﬁttzg/erle%ll qastonerecotchhergUPEQUS) Oxt de present
inthe saidresinis reduced to nmetallic copper, and then the -desired

met al | ayer mexadgfesid adyerhe said process being especially characterized
.in that the reduction to netallic copper is carried out by the action of a
25. borobydride and i Mhehatieilectaipr magsbaeplheedaon tkéi whtcwitisg ep nor a
- sensitization step. The fabrication of interconnect circuitries obtained
fromthe netl&velzed enefbst meltedlneddbyap@r Januadiguld0sodmi npl enenti ng t he
process of EP 82094 involves steps simlar to those described above,
“especi al | y tedergeinguspybseavrntopnlhgibleationasIt may also be
( | applied in the form of a solid laminated pfoduct. In
the latter case, it is possiblé to use-a two-layer
10 laminated product comprising on one side a layer of the
"said dielectric containing the nompound capable of
inducing subsequent ﬁetallization and on the other side
.afmetal layen (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 capabie
of inducing subsequent-metallization covers the
circuitry level or the metallized layer, and the metal
layerlis removed from the laminated prnduét?:for
example by etching. Thus, a dieléctric surface is‘
20 obtainéd.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 méy itself be produced by a process according to the
\invéntion. it may.also ne produced according to another

process. For example, it may be a printed circuit

comprising one or more levels on a rigid or flexible




- Swprisingly, the inventors have devel oped a process zﬁ(ﬁgdﬁér 2005

I nterconnects (tracks, pads and mcrovias) to be rapidly fornmed on the
-surface of a dielectric for the purpose of producing integrated circuits,
-printed circuits and nul tilayer nodul es having a high integration density.
This process, apart fromits ease of inplenentation, has the advantages of
.solidly anchoring the copper to the. surface of the dielectric and of '
optimally miniaturizing the nmicrovias. In one aspect, the process of the
invention nakssort, PARSible WA thr edueRicRAngNveaeONAECteghEayi thy
- conprising conducting tracks, pads and nicrovias, on the upper surface of
“a dielectri ccupptsitst ithg sofnay, folryexampier,i ke ah angeapbundmcapabiie of
i.nduci ng’ subsequent netallization and, where appropriate, of one or nore
ot her, . non- corslucttiimy ardemedt oxf al cemposithemashedidiel ectric covering a
circuitry level or a netallized layer, by inplenenting the steps
consi sting igpnventdanali g thghfiehdoaghprrhatedi dirdnétect Mémtpn hout
~drilling_the subjacent netallized |ayer or the subjacent circuitry |evel
so as to>f ofiRe Frdfor 0¥ eX81PAs. abf FHEPEEEP rBaSEdCcRRi ons; 27 January
2005 5 B) formng, .by netallization, nmetal tracks, . pads, and mcrovias on
the surface BIOHHILGTefeErSe dhdMBY PRe2nfltfbeFativi Wihi¢he use of

. selective prigtectjon by deposition of a..protesti AENRIILE
impregnated with dielectric reéin. The pfesence_of the
web of fibres or of the paper ensures good uniformity

10 of the thermal expansion coefficients (TECS).
Particularly advéntageously, the support is a
-web consisting of non-woven aramid (a commercial
gromatic polyamide) fibreé preimpregnated with an epoxy
resih, with a polyimide resin or with é blend of these

-_15 resins. Better still, these aramid fibres (which aré
preferably meta-aramid fibres, para-aramid fibres or a
mixture of suéh fibres) are preimpregnated with a

- functionalized polyamideimide resin (functionalized

.ﬁith heat~crosslinkabie chemical units). Thié

20 functionalization may be achieved with double bonds or
wiﬁh-maleimide groups such as those defined inkpatent
EP 0 336 856 or US 4 927 900. Advantagéously, 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 pm, preferably between 15 and

50 pm and better still between 20 and 40 pm.




The circuitries may be obtained by stacking and drilli I or
deposits of materials of various types on defined parggngﬁﬁgfiﬁgpgﬁ
-tracks, pads .and ficrovias may be formed which are separated in places:
and supported by |layers of dielectric. The tracks, pads and m crovias may
“forman interconnect circuitry. The tracks may be circuitry parts '
positioned on the surface of a dielectgic. They are generally in the form
of thin lines. The circuitries according to an enbodi nent of the invention

nmay conprise several cif Géddnal,! el yramelyeCvasdek bekeh MY correspond
to a nunber of tracks on the surface of a dielectric. The circuitry ,
levels may bend hB0 ef a'eanapbeated byiall Byeweeh Ubedwgtsdcg/md.th, in

- pl aces, netal connections between the |evels. These netal. connections

" between two or nore |Fveloudre bealdoddhtidc oot ahatThhepadscohyriesr r espond
to a wdening of a netal deposit in the regions where the m crovias open
-out. Such stohicainest byarthek poweess Eoosedskigl tedthe fheeationAvewprding to
anot her enbodi nent of the invention, the tracks, pads and mcrovias are
formed &n the Ripplicescha®@eoorab@rh)gidesy 2005 di el ectric which contains
a conpound capabl e of inducing subsequent netallization. The dielectric
covers a circuitry | ep®ring sé&er Adirr &tiet Ayelegbricot s adrbt 48€i zed | ayer. 5

The dielectric may be placed on th% circuitr | evel ,or-on the netallized.
layer in |jcﬁﬁqpq(£Qﬁoug so as to form one o more microvias at

" the desired locétions, without drilling the subjacent.
circuitry level or the subjacent metallized layer. The
10 microvias are subsequently metallized so asAfo make
connections'through the dielectric.
The drilling may be carried out
coﬁventionally, by plasmé or laser, the latter
- technique being much preferred in so far as it results
15 in substantially smaller microvia diametefs and
allowing markedly higher drilling rates.
Among the lasers that canibe used, mention
-Vmay be made of YAG lasers, CO, lésers, combined YAG/CO»
lasers and excimer lésers. 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 preférred for
implementing step A) in so far és it‘allows the

dielectric to be selectively drilled without touching




under goi ng subsequent solidification. It nay also be | i form
of a solid lamnated product. In  the latter case, it'?gpﬁggg%%ﬂbbp§5useaa
-.two-layer 10 | am nated product conprising on one side a |layer of the said
~dielectric containing the conmpound capable of inducing subsequent

nmetal lization and on the other side a ,netal |ayer (RCC). The two-I|ayer
|'am nated product is applied to the cigcuitry level or to the netall'i zed
15 tayer so that the side containing the conpound capable of inducing-

subsequent me{alddplddtt GRMANS 1R r ENCWikhbukeusl andibeongiallized
| ayer, and the neta | ayer is renoved fromthe | am nated product, for.

exanpl e by eidfhidtGrentheiny HeRle@®aliyG tuef aetals149eebhatnedimbi ch nakes
the peel force of the nmetal ‘deposits (tracks and pads) which wll be
formed t her edrtagiaed ibgultdrd Wi YaseThi Shé edhil Direg | spedd enf adld exb,"ful |

- etching". The circuitry level covered by the dielectric 25 may itself be
produced by lmgEmcesdsidcder diregtiea theni nhent bdna YAGnhgsat soabso pr oduced
according to another process. For exanple, it may be a printed circuit
~conpri si g orekesr thdrse dmedlingoteghnigug  partierilbkdy27 January 2005 7
‘support, possibly with conducting vias. As regards the support, this may,
for exanpl e 2dy@rg@geguSet i on- noul ded insulating material or a conposite
mat erial conventional,L in the field of Erinted circuits, Mention 5 may be

made, for exanple, of Asdpfolf§eBadédiBnthéPok§rel BIESIFbFELCULE YRy be a
el ect 11 WS pRel 43 ot oL non uover L BLeey 1. & PRRSL:
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 étep B), metal tracks, pads and
microvias are formed, by'métallization, on the surface
15 of the dielectric and of the microvias. To do this,
selective protection is employed, byrdeposition of a
. protective layer. The processes for forming metal
inﬁerconnects with selective protection, particularly.
by means,of a photosensitive resin; are known to those
.20 skilled in the art. In pafticular, méntion may be made
- of the pattern-type processes and the paﬁel—type
processes. In the éase'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
treétment prior to the metallization, forrexample a
treatment resulting in the formation of a sublayer

capable of being metallized. Methods of forming suéh a.




web of fibres or of the paper ensures good uniformty 3G of the thenzal
- expansion coefficients (TECs). Particularly advantageously, t g support is
‘a web consisting of non-woven aramd (a commercial aromatic pol yam de)
fibres preinpregnated with an epoxy resin, with a polyimde resin or with
a blend of these 15 resins:. Better still, these aramd fibres (which are
- preferably nmeta-aramd fibres, para-ararfid fibres or a mxture of such
fibres) are preinpregnated with a functionalized polyam deimde resin
‘(functional i 8R1a¥@Ft Wiheabecewrbaimdbie ddtemtalatants). This 20
functionalization may be achieved with double bonds or with mal ei m de
‘groups such as those. dEFPNBY 1§V ptseh ERRrisss SSeml ESeps927 900.

Advant ageous the we 0 ises 35 to 60% by weight, preferably from 44
to 55% by mgégﬁfagﬁaeg%?‘gﬁggét?mﬁlﬁf%%qu BORARP BRG] §ht, for exanpl e

47% by wei gh jelectric.resin. By way .of exanple, the thickness of
the web varlg%gg%%‘tg%/\%e%fl%lgﬁ%r% g e é‘T“éT]alﬁey Pethddsd15%and - 50 pm and
better stgll betyeen.20 and 40 pm 27 January 2005 In general, its

granmage varies between 10 and 50 g/nR2 and better still between 15 and 40

g/n2. -1t should be poi t i itries__obtained by the
‘process according to Jﬂgﬁ?nv %%%ﬁxhg%% %9&%§u5¥%éﬁ%5§98nogne or both

si des. Duri ngh@tethd)subdeyulfl %%k%hqi&gtggkgl%gisr&gh&f%gégggg¥so as to

formone or nore microvias at the desire cations, illing the
~ subj acent  cir ctlid riodrev g dika csUbjrageRt ARt aklibgednbays sxdhe 10

m crovias are subsequently netallized so as to nmake connections through the
dielectric. Cu, Co, Cr, Cd, Ni, Pb, Sb and Sn oxides and mixtures
10 thereof. Particles of cuprous oxide Cu,0 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 generélly between 0.1
and 5 um. The présence of metal oxide particles in the
15 'dieiectric decreases'the thermal expansion coefficient
isofropically, while at the same time favouring heat
transfer.
Thé compouhd capable of inducing subsequent
metallization may also be an organometallic compound.
20 ' With fegard to.the polymér matiix; 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 thermopléstic polymer, a
25 thermosetting resin or a blend of suéh constituents.
As examples of thermoplastic poiymers,
mention may be méde of polymers of the type comprising

polyolefins, polyvinyls, polystyrenes, polyamides and




"The drilling may be carried out conventional ly, by pl asime; Qr he
latter technique being nmuch preferred in so far as it resjﬁfghﬁg%pﬁé
-substantially smaller mcrovia dianeters and allow ng markedly hi gher

drilling rates. Anong the lasers that can be used, nention may be nade of
YAG | asers, CQ2- lasers, conbined YAG C02 I|asers and exciner |asers. A
person skilled in the art 20 will easihky know how to sel ect the appropriate

| aser depending on the dielectric to be drilled. Very special attention

‘has to be papéllygnideididsd, dddtiing,skRpysuldipremelshat the subjacent
netallized | ayer or the subjacent circuitry level nmust remain intact. 25 A

. CO2 | aser opelwsulshiadesyavellomgidnylehe 23Q@erm pboli@6eGabeyis particularly
~preferred for inplenenting step A) in so far as it allows the dielectric
"to be sel ectflhebno dvalymed-ay tHeoubandec polym2zs)apeayiryd808509nst he subj acent
netal |ayer and wi thout any additional adjustnent being necessary, the
nmetal | ayer hinedseipnyyidideske®pByatlkyleor baddes, Théndakl|ing speed of the
CO2 laser,which is greater than that of a YAG |aser, also 5 nmakes this
drilling5t echtiretimngsoulsativyatagh RELAGESEE S, ACYASLPESES 5 &n this case
‘nore difficult to use since_.it may drill the subjacent netallized |ayer
and may reqdt¥enhdcithesCorOiegTmeEF -t he drilling 10 operation in its final

- phase. Preferably, th nkp vi%hdianetgr;is greater t ha th t hi ckness of
the dielectric. During"Stayif) TOREPAPCEF4BRs epANS aRn OF the tYpe
comprising phenolic prepolymers, unsaturated
polyesters, epoxides, bismaleimide-type polyimides,
10 reactive polyamideimides, . triazines, cyénate 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 copolymérs and styrene-butadiene-
acrylonitrile copolymers.

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

25 (nylon-11).
. Suitable acrylic polymers that éaﬁ be used
are, for example, polymethyl methacrylaté, linear

polyurethanes and especially polyurethanes resulting



ni.crovias are formed, by metallization, on the surface A% 0f 40 2005
dielectric and of the mcrovias. To do this, selective protection iIs

. enployed, by deposition of a protective layer. The processes for form ng
metal interconnects with selective protection, particularly by neans of a .
phot osensitive resin, are known to those 20 skilled in the art. In
particular, nmention may be nade of thespattern-type processes and the
panel.-type  processes. In the case of tﬁe process according to the
~invention, et ldeatioaimetithe: dhebeChbkEnkehiRsfe @OSSOOYEnHME NG to the

. conpound capabl e of inducing 25 subsequent netallization, and possibly to
.a suitableyﬁngaUn@nbr@phgédggltbg metablitzationl . for exanple a treatnent
resulti-ng in the formation of a sublayer capable of being netallized.

Met hods of form ng sushtar2?edapudygs2805 40e, sfibt ayeampie,| be explained in

detail later. Step B) may itself conprise several steps. Several nethods
of i npl enentratliyethydenesgbpdohgtévephehatatesonfpdl fherekdnast eps will be
explained in detail. Wth regard to the conpound-capabl e of inducing -

subsequeht - gatyaldli xerephthehgtei sfphrefenabeg pohveswersr m of , particles of a

metal oxide chosen from Cu, Co, O, Cd, Ni, Pb, Sb and Sn oxides and

m xt ures 10PoHacasbonphesi cPesYdFeEabF ouBCLXPRRNGEE 3%l 4RFt  particul arly
~preferred. Wth regard to the netal oxide .used, this nust be in .the form
- of swalI-siP@dypﬁépﬁﬂépﬁs?u%ﬂ%lﬁ%?t?EIEh%FQQP4%§Eﬁﬁuﬁ%ﬁqEPWﬁﬁﬁmeen 0.1 and

5 pm The presence of geta# oxj de particles ir%the 15 ieI%S}ric decr eases
the thermal expansi onTCBePRFRPEHE fesins are, for example, the

condensates ¢f phenol, resorcihol, 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 1~chlor6-2,3~

epoxypropane or 1,2,3;4—diepoxybutane with bisphenol A

or with other phenols, such as resorcinol, hydroquinone
or 1,5-dihydroxzynaphthalene.

20 As elastomers, mention may be made of natural

or synthetic rubbers, silicones or polyurethanes.

As suitable fluocro polymers, mention may be
made of polytetrafluoroethylene and polyvinylidene
flubride.

725‘ Preferably, the polymer matrix is a
'thefmosetting resin of the polyimide or eéoxide typé or
else a thermoplastic pqumer of the polyamideimide

. type.




“isotropically, while at the sane tine favouring heat bﬁa%%f%gryZQOB%e
.compound capabl e of inducing subsequent netallization may al's0 “bé “an

. organonetal lic conpound. Wth regard to the polynmer 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 thernoplastic polynmer, a 25 ther etting resin or a blend of such

- constituents. As exanples of thernoplastic polyners, nention nay be nade

- of polyners of the {Vpg&mmiigahahy dhelling cRAl MYLAKLEys RORYG! YT enes,
“pol yam des -and . 27 January 2005 11 pol yam deli m'des, acrylics,

- pol ysul phonegsnt £ Yl RIY GRYTe oRBle¥PReRV@IRatkdeRsupatYAgetal s, fluoro
‘pol ynmers, parabani c pol yners, pol yhydantoins, ‘linear polyimdes,

pol yal kyl enefoigles, WhHingalare Rempukeehgnesecrsatubatednpobyesteing

el astonmers or a blend of these polyners. Suitable thernosetting resins are
of the type cashipricisngpheropirecesepolfy tkes invesationat Eleypatyessers,

epoxi des, bisnal einm de -type polyimdes, 10 reactive pol yam dei m des,
,triazi nés, maian@irriest drid lersaabdeadeef folmessampsensfotbedxanphes of
polyolefin resins are polyethylene, polypropyl ene and ethyl ene-propyl ene

~ copol yners. ainplle fddines, aod pohpvrdybrchrornde, nature, the length

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

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

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

. 15 polytetrafluorcethylene particles; or glass

microspheres. The particle size of the fillers is

7 chosen so as to be compatible with the application by
deposition of the polymér.matrix.
The dielectric may also conﬁéin 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 pm. Advantageously, the dieleétric
- 25 layer has a thickness of between 10 and 70 pm,_bétter
Still between 15 and SO'pm,'for example between 20 and
40 pm. |

According to one particularly preferred




“pal yvinylidene chloride and ethylene-vinyl acetate copgl yners...Palystyrene
resins are illustrated by polystyrene, styrene-butadi ene copofyners,

. styrene 20 acrylonitrile copolymers and styrene-butadi ene- acrylonitrile
copol ynmers. As pol yam de polynmers, nention nay be made of

pol. yhexanet hyl eneadi pam de .(nyl on-6, 6) pol yam nocaprol actam (nyl on-6) and
pol yundecanam de 25 (nylon-11). Suitablg acrylic polyners that can be used"
~are, for example, polynethyl nethacrylate, |inear polyurethanes and

-especi al 'y pRlpHyPUIaNGH Mathk bk 39n2 7 t1aNHEEY e€0P9c12nc 1085 | NS
pol ymeri zati on of hexanet hyl ene diilsocyanate w th 1, 3-propanedi ol or

1, 4- but anedi Qler tSHIH-RIRHRYiIYBSEeNS el €a hBhWB¥BAPEELroR9! weh hyt ene gl ycol
- terephthal ate' - or polybutylené 5 glycol terephthal ate, fluorinated

pol yesters, @@agear,barpiresnapeldyasehabiselpotypbepykene ohédes, o
pol yphenyl ene sul phi des or thernoplastic elastoners. The phenolic resins
are, for exampsendeheicahdensdtewsebf epbanek, beesercundformiegodt or xyl enol
10 with formal dehyde or furfural. Unsaturated pol yesters are products of
the reabti dheoftharmads arpeatsédndcoatbbryentsadT8Cahhydithieyt such as
mal eic or citraconic anhydride, with a 15 pol yal kyl ene glycol. As exanples
of epoxi de d@waigingefhicombidjtiecintiie dielactpiodtetkefka®the reaction
of 1-chloro-2,3- '
ablated.
Incorﬁorating 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 conéisting 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
polyamideimide resin (functionalized with heat-
crosslinkable chemical uhits)f 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.
Adﬁéntageously, 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




epoxypropane or 1,2, 3, 4-di epoxybutane with bi sphenol A,-orywith. ot
phenol s, such as resorcinol, hydroqui none or 1,5- dlhy r oxynapht halene
"As el astonmers, nention may be made of natural or synt hetic rubbers,
silicones or polyurethanes As suitable fluoro polyners, nmention may be
made of pol ytetrafl uoroethyl ene and pol yvinylidene fluoride. 25 _
“Preferably, the polynmer matrix is a tHénposetting resin of the polylnlde
or epoxide type_ or else a thernoplastic polyner of the pol yam dei m de
Ctype. 27 JanBaf¥e9bbEc1Besime pol ymer matrix forning the dielectric may
contain one or nore other electrically insulating fillers, which are
conpl etely inert under ?ﬁeeﬁﬁmﬂ%&qrﬁPQxﬁﬁﬁQRQﬁﬁﬁcﬁftqh? predc @agies t he

i nvention. Q ¥ act f@ reg$f0r0|n illers and are, for exanple, forned
from sinpl e®FrBFES, “61 ' dfMorP Rlndefveen e 1Byl ¥8% whi ch

d t I h best fib
corar o fi Br%rﬁge%?&%ﬁee%%%ﬁr%h S 18R S0 s et hey ar e r i nf or ci ng
10 mat I f t O h

rei g?oreg:sﬁgsflol I gigacoins:% of fpa%:'t g}\e/agfﬂ]ncs?fgen%nﬁgﬁéesn%’re greﬁgnh@ naturgr
such as ”1Caandmﬂbf?qghu%b%%b&hbggllabgpkgén $5! L6 apd }éz

pol ytetrafluoroethylene particles m crosp Rer8st The partlcle

: EI ze of the fillers i srnehaafiksio s %nfaem%%%'a@ §-y EB:&IQS B;pp' I cation
> metalllzatlon in step B) over all or part of non-

protected surfaces of the dielectric, either before the
10 protective layer has beeh applied or after certain

parts of the latter have been removed. The

metallization may be carried out electrochémically

{electrolessly) and/or electrolytically (with a

current). The latter process is more particularly

15 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
20 longevity of the circuitries; For electrolytic
metallization it is advantageous to operate with
increasing current. The metal is preferably copper;
Electrochemical (electrolessI metallization
is a known technique, which is described in
25 “Encyclbpedia of Polyméf Science and Technology, 1968,
ol. -8, 658-61".
leeW1se, the electrolytlc metallization,

(with a current) is a conventional technigue also




Tdéposftfon‘ .0.f the pol ynmer hatrix._The di el ectric may7alseueeRt 3igds
‘cal cium 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

pm Advant ageously, the dielectric 25 layer has a thickness of between 10
and 70 pm,better still between 15 andi30 pm for exanple between 20 and
40 pm According to one particularly preferred 27 January 2005 14 nethod
of i npl enentddsamnbddeadivgnesicliopediel wde®olgteri BeLtnben{zosdug]j ng
filler, a nonwoven fibrous web or a paper, inpregnated with dielectric
resin. The presdfce-«f”.t he said web ensures better uniformity of 5 the

“thermal expansion coefficients (TECs), without inpairing the ability of the

dielectric to be | ase®ccaidingdtol acpeptrigulaylyuphefefrétienetined the
dielectric also makes it possible to reduce the 10 thickness of the

dielectric |ofcmpanarfdngf 6he toventioner thapmebeliheahienat uri zation.
..Apcording to a first method of inplenentation, the said filler is a paper
b

as descrPbedgtherRelesdsoghemiralsos g3echBolyiicpai i conhinyed
advant ageousl y,..the fill.er is a__web consjsting of ponwoven aramd fibres
(comrercial ¥ MEtad yanriePRVbPEs P ﬁbéFkﬁgﬁﬁn%EéﬁH&??ﬁEwﬁepoxy

~aram d fibr

resin, 2 poly e Lot OL BubLERd.0f oENBBE.LER 15 andSd in Sl these

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
-eﬁtire surface of the dielectric, or on exposed parts
of the dielectfic with selective protection of the
other parts. Depending on the case, the subléyers
15 formed aré continuous or discontinuous and may or may
not be directly suitable for electrolytic -
metallization. On the other hand, they are always
suitable for electrochemical metailization. in thig
case, the”electrochemical deposition of metal is
20 catalysed by the sublayer, and the metallization is
equivalent to that using palladium or platinum.
N Two methods Qf-production for obtaining a
sublayer capable of beiﬁg metallized are preferred.
According to a first methbd of producing the
25 éublayer, the compound capable of inducing subsequent
o metallizétion is chosen from the abovemenﬁioned metai
oxides and the sublayer is formed by bringing the

~dielectric or exposed parts of the dielectric into




20 nmeta-aramd fibres, para-aramd fibres or a m xture ,of h.fihres) are
prei npregnated with a functionalized polyan deim de rggiﬁa%$%ﬁ3t9§g§lized
-wi'th heat- crosslinkable chem cal units). This functionalization maybe .
obt ai ned with doubl e bonds or nal ei m de groups 25 as defined in patent EP O

- 336 856 or US 4 927 900. Advantageously, the web contains 35 to 600 by
~weight, preferably from44 to 55% by yweight and better still from40 to
50% by wei ght, for exanple 47% by wei ght, of 27 January 2005 15 dielectric
resin. For exHfda wilth hisekr@senobft Resueb w@r kegobbetmeeal 10 and 70 pm
preferably between 15 and 50 pm and better still between 20 and 40 pm 5

I n general , ddpaldeamfapeivg resiuceet hegeoxife padtiblegln®, better still

bet ween 15 and 40 g/ n2. The tracks, pads and mcrovias are forned by

- netallization in stepBrimgerthdlsl steppacthet haperprwéecbedosomdhices of the
- dielectric, either before the 10 protective |ayer has been applied or after
certain parinfFofconi@dtamish ltiee sbduhicanoVhd. lahter nhad| n¢ zati on may be
carried out electrochemically_ (electrolessly) and/or electrolytically _
(wWith a Scuysaftyl arpdongprethegroeEleri $an¥Fe- pBRUF cuR FPYE IR Rf erred as
it is nore rapiid. In addition, it may_be arried out_in acid di um
thereby pred¥liay§xt RE tBﬁoP@?&ﬁsWﬁF@é ¥§y€?§m? oﬂ?s?ﬁ$l?¥@P%ﬁ£Ethus

o ng Wi Lhonao BLer Skod. | opuilS el A o and

CCITeUTtrTes R0l h 8GLoL Y herwBBhAL b 23ld A7 &/ S1 AR P AR OPerate

' | less than 10° /00 This allows electrochemical

10 metallization to be carriéd 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.

aAs 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 Cl17, 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 furthérmore makes it possible t§ limit the
Swelling of the resin layvers, which takes place in
25 basic 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




increasing current. The netal is preferably copper. Elegtr . cal
(electroless) netallization is a known technique, mhi?ﬁ F%%gggkf?ggg in 25
- "Encycl opedi a of Pol yner Science and Technol ogy, 1968, Vol.-8, 658-61".
Li kewi se, the electrolytic netallization, (with a current) is a
- conventional technique also 27 January 2005 16 described in "Encycl opedia
of Polymer Science [lacuna], pp. 661-¢3". According to a particularly ‘
preferred nethod -of inplenenting the invention, the netallization,, 5 ,
whether el ecidhnenepeal a1el el Bl bieoeh8aChY! LingEng Ui th dymetal | ayer
having a thickness of at |east pm preferably a thi Ckness of between 10

and 20 pm igi LA, SRR Braf@IB! W3€R, addvant ageaysiy beéore the 10
metal |l ization, a step.of form ng a sublayer capable of. being netallized.

Such a subl asgsarst Safyermed @hotheeneitive sysinceontaihe daeteahric, or on
exposed parts of the dielectric with selective protection of the other
parts. Dependimgnane harcdsdest. h@hdebkaystsglhakesmed poesilohd itmious or

di sconti nuous and may or may not be directly suitable for electrolytic
nmet al | i zat i dmcr@asehéahet henchards tliieyhar suafaags theai tabteurtor
~electrochemical nmetallization. In this case, the el ectrochem ca

- deposi ti on cfanhengte pazgicdesl predeby ehetBabfuybacedpeinte netal | ization
is equivalent to that using pal | adi um or €Iatinun1.Two nmet hods of
producti on fBE568V&MAni A§dathagptay éPPEapantae ordpRhen net afhs zed are

preferred. - _ )
metal deposits.

For the first method of forming a sublayer,'
_ iO 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% bf weight, even
more preferably in an amount of 10 to 30%. The
preferred metal oxide is cuprous oxide Cuy0.
15 _Advanfageously, the solution contains at least

10™° mol/1, preferably between 0.0005 and 0.005 mol/1,

of noble metal salt. A continuous sublayer of noble
metal having a thicknéss of iess than 1 pm is obtained.
The sublayeerbtained exhibits excellent uniformity,

20 thereby improving the quality of the connections
obtained aftef metallization. By way of saltsithat can
be used, mention may be made of AuBr$ (HAuBr,), AuCls
{(HAuCl,} or AUZClG; silver acetate,”silver benzdate,

-AgBroO;, AgClO4, AgOCN, AgNO3,'Ag2804f RuCl,«5H,0,
25 | RhC13-H;0, Rh(NO3),-2H,0, Rh;(S0,)3-4H,0, Pd{(CH3COQ),

Rh, (SO,) 3+ 12H,0, Rh,(S0,)s*15H,0, PdCl,, PdAC1,-2H,0, PdSO,,

PdSO, - 2H,0, Pd(CH;CO0),, 0sCl,, 0sCls, OsCl;-3H0, OsI,,

| IrBry-4H,0, 1rCl,, IzCl,, Ir0,, PtBr,, H,PtClg®6H,0, PtCl,,




'Aocording to a first nethod of produci ng the 25 subl ayey,
‘capabl e of inducing- subsequent netallization is Chosgﬁ g%%hﬁ%ﬁgBRHﬂp

- abovenentioned netal oxides and the sublayer is forned by bringing the

di el ectric.or exposed parts of the diélectric into 27 January 2005 17
contact with a solution of a salt of a noble netal capable of being
reduced by oxide particles. During thisgstep, other |ayers may be brought
into contact with the solution. The latter has no 5 useful action on these

ot her | ayer £tClhysPtasSOPNt-idfYO usnd Setb| @YEY ;)@ ,t hendobberagpahdisg f or med on
t he exposed surface of the first layer. The surface resistivity of the
subl ayer i s deatpiesres] Guchnds1BG3AQCLY,, | (NHS pdEler aH,y Pd&Es t han 103 0/0
This-all ows el ectrochenical 10 netallization to be carried out, preferably
with incredePdf§lewmné@rfAudl,.should be pointed out by way of indication
t hat .t he cohesion of the sublayer inproves as the concentration of oxide
particles increases. Ahepsebényed sbtainedsisfpavbieuhetly walis, 15
mention may be made of Au, Ag, Rh, Pd, Cs, Ir and Pt salt solutions with a
‘count eri 8n @dded teomlegtrolybs matatBraoion ThECEomtisyg process may
be carried out by dipping into the' solution, by spraying or by the passage
- of a roller elPKEreINGCoRERIASBREIARL Wi th PR DOCTRFHGSHBIER taci dic, with
-a pH of between 0.5 and 3.5, preferably between. 1.5 and 2.5. The-pH may
be control P&y B¢ Eéﬁgng acid. This treatment in acid medium furthernore
makes it possible to &

place in 25 basic nedih%:%E%%gF%éﬁ?é%g??%?%?%ﬂg%%gggﬁgéﬁygﬁég whi eh takgs
‘ context of the first method may especially comprise the
10 following operations: |
-  -exposure of the metal oxide particles contained in
thg'first layer of resin of the dielectric. This
operation is preferabiy carried out by alkaline
etching (for example using a sodium-hydroxide or
15 potassium hydroxide sclution in aquecus/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 | calciﬁm carbonate fillers, the surface is made‘
~slightly rough by acid etching. This operation is
' pfeferably separate from the-operation of forming
the metal sublayer; |
- forming a continuous metal sublayér 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'




~from MO N O cozddakhéonrcrdnator yracetan Thorkaereds n the first

pl anarity are therefore obtained using this first nethg f  pr j t he
- circuitries. It should be nentioned that the treatneanﬁﬁtrngﬁgggﬁgﬂg
~“solution of 27 January 2005 18 noble netal salts. may be preceded by
rinsing with an acid solution, for exanple with acetic acid, if the first
~ layer of photosensitive resin contains calcium carbonate particles. This
rinsing nmakes it possible to increase 2the roughness of the surface, the
- calcium carbonate particles present on the surface being dissolved, and
~thus to inprove tREtEdABsEOhavtiehetoetaht taposidrs. offdrthe he first nethod of
formng a sublayer, _10 the netal oxide particles are preferably chosen

| ayer in an anmount of. 2.5-900 by weight, even nore preferably in an anmount
of 10 to 30% TheSOPFERePREBEFetme di3f dehd bl s iR tdFd®s 15

Advant ageously, the.solutjon contains at least 10-5 nol/I|, preferably
‘bet ween 0. 0005, anHS b3S %%ﬁ?ﬁ?y {ES§RﬁH§99ﬂnzﬁhﬁﬁﬁt¥035 &GRGtdBus subl ayer
ckness ,of .l ess .t.han n%%éprtained. The

- of bl tal hayi hi

- giub-lngyere Sog;3 a?nedg%él(%?%?trég SEL R ThiE A e : ebfeldﬁ‘ﬁrlﬁ‘ﬁ’} ng Ithe |
: lit f th t. i etal | ti .B t
That' can’ be used g apebEL AMANEL A TRl bl iRt fikg oS

( HAUC14 Au2 Cl.6i i i t il s A AgCl104

hpon, ) agies. - e AR S e M £o SRS i R 55,00 s

(SO4) 3.4H20 RebALCHIGR i aﬂﬁ@wﬁﬁ%Hgﬂe Rz e( é%)finédléﬁ%o’ PdC121

PdCl12. 2H2O, PdSO41 PdSO4. 2H20, Pd (CH3COO 2, Osd 4r Gsd 31 GsCl3. 3H20,
sl 41 agqueous noble metal salt medium. For this reason,
10 it is preferred to carry out the reaction in a

thin layer, that is ﬁo 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 aqueous 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, Cf, Cd, Ni, Pb and Sb oxides and

20 mixtures Ehereof, the sublayér'being obtained by
subjecting all or part of the dielectric td 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*° o/O.

For this method of implementation, the

proportions of the constituents of the dielectric



lrBr3. 4H20, Ird21 Ird4, IrQ2, PtBr4, H2Pt Cl6= 6H20, ary
2005 19 PtC 31 Pt (S04) 2.4H20 and Pt (COC12) ClZ,‘gr?:jggglguraéi'péﬁ@i%ng
-conpl exes such as NaAuCl4, (NH4)2PdC1l4 (NH4)2Pdd 6, K2PdC16 and
KAuCl4. The subl ayer obtained is particularly well- 5 suited to
el ectrolytic netallization. For exanple, electrolytic nmetallization with
an increasing current nmay be used. Theif ormati on of the sublayer within
" the context of the first nethod may especi-ally conprise the 10 foll ow ng
-operations: aceopdsuy eoftidemedalt ddwmtiian atleeprefentdilned in the
“first layer of resin of the dielectric. This operation is preferably
carried out Pyosgkaid e hsttvidary tHeorfdanging dsmigsa (ssgresshndr oxi de or
15 pot assi um hydroxi de sol ution in aqueous/al coholic nedium and then
ri nsing wit hERRtReTCHsaaD by Wweicht ff eashniod bhehcopstasuentsefnve t he
oxi de- particles exposed; - if the dielectric contains inert fillers, such
~as 20 cal ci'thf SHITFRE®) i I 1ers, the surface is made slightly rough by

~acid etching. This operation i preferab separate fromthe operation of
f or m ng tgt he metal subl ayer° f%rgﬁﬂ' ﬁ’@feée&’#ﬁ’nagu@r@?%k etibrgtat of noble

metal 25 by cqfteun£%§%£%$ih an_aqueous,. .acid solution of a noble netal
salt. By way o ndi*GArtshYi £UBREHWSd ©* %8S ent i oned that the subl ayer

obtained is general |y _a syaaogt QX Gog! Behnsl BEenbPe OPRLE PPIFL 27 January
2005 , :

 inert under the reductionrconditions; and
| F Erom 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 dependé on the nature of the
dielectric.

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

25 resin, the reduction is advantégeously continued until
a surface resistivity of 0.01 to 10° Q/O is obtained.
Preferably, the metallizations are produced in this

case electrolytically, for example with increasing




20 acts as a barrier to continuatibn of the oxidatioqrfngﬁ;&gnzb%%ction
The | ayer is continuous as . sone, of the netal - oxide partlgl S rel ease.
-ions by diss.olution.- These ions react in 5 aqueous nediumw th the noble
nmetal salt, reducing this netal, which is deposited, thus filling the
inter-particle spaces. The reaction is all the nore effective and econom c
~the nore confined the aqueous nobl'e ngbal salt nmedium For this reason, 10
it is preferred to carry out the reaction in a thin layer, that is to say
by i mrersi omcutrdrde. sol uti on containing the noble netal salt, and to
rempve it. as soon as possible afterwards. The reaction then takes place
1.n the aqueous sol uti athelb diny eliedrictaiivedonistibtshefobeest thanchoding to a
second met hod of producing the sublayer, the conpound capabl e of inducing
subsequent betwdightatdomegmisiostisieof Op&ot BOBebyoweaghet af dmede chosen
fromcQu, Co, G, Cd, Ni, Pb and Sb oxides and 20 mi xtures thereof, the

subl ayer beinmpobssurtdngy Liddisrdsti radall0 so PARt bwf weheghlli efectric to the
reduci ng_acti-on of a suitable reducing agent so as to obtain a netal

subl ayer ScoRIIYREY Fe§flti ddlearecRetifnc A6y RAYaNEFIPBHEEYI on of the netal
oxi de particles on 25 the _exposed surface of the dielectric, the [|acuna]
resistivity SREHIUEY Wt \ﬁeéh‘r%.aéf AREIE61BI6Y0°F EoPAtRT sERRhod of

i npl ement ati.qpi, .the.proportions of the cpnstituents of the diel.ectric 27
January 200801940 B PRE St Thie RErR LT TRATIEE B 2 %

produced in this case electrochemically.
The presence of the said continuous or
10 discontinuous metal sublayer also ensures catalysis of

the subsegquent metal deposit produced, while being

completely compatible therewith.
More specifically, this sublayer,rwhether
obtained'accordinglto the first method drfthe second
15 mefhod, helps to improve the adheéion of thé 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
sﬁripping treatment consists either of a chemical
25 treatment using a chemical capable of etching the
surface of the polymer matrix, or of a stfipping
- technique using mechanical means, such as abrasion,

brushing, sandblasting, milling or filing.




chosen to be between the following limts (expressing- therpRIG/NLAGR DY
wei ght of each of the constituents in the substrate): 5 - 10 to 90%
-preferably 25-to 90% of netal oxide, preferably cuprous oxide; - fromO
~to 50% of one or nore other fillers inert under the reduction-conditions;
-and - from10 to 90% preferably from10 to 75% 10 of polyner resin. As a
variant, the dielectric consists of:  23less than 10% by wei ght of met al

oxi de, preferably cuprous oxide;, - 0 to 50% by wei ght of inert
non-conducting 15 filA®dr)incand a brefeietiom8@¥pdpeef erably. from 10, to
75% by weirght of polymer resin. The surface resistivity that it is

- preferabl e implastersviend dihet Heventiliaper thaceardppgntyoisheasetead 20 net hod
of inplenentation depends on the nature of the dielectric. Wen the

- dielectric corsistinigmmerthang c@d%mepnswei ght of netal oxide, 0 to 50% by .
~wei ght of inert non- conducting filler(s) and 10 to 90% by wei ght of

pol ymer 25 resin, thevedaet it cpezdtannagéolisrpinonthausdblayetr a surface
- resistivity of 0.01 to 103 QO is obtained. Preferably, the. netallizations
are prodidced®GWading tasdhel secrppymethpy, whep bhanmpetal exidackeasi ng 27
January 2005 22 current. Wen the gie ectric consistg of |ess than 10% by
wei ght " of mét §PPEEYFe P*3 %0 56980 YIWERGhECBPEF nep reduced to the

CuH state, in which state the copper acts as a catalyst
for thé metal deposition carried out in step B). If
‘there is an excess améunt of CuH, it is slowly

iO converted to copper metai at room temperature, with
hydrogen diffusing to the outside. |

Hereafter, the presence of this transient

hydridé 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'bf reducing metal oxide to metal
oxidation state 0.
Obtaining the desired resistivity wvalues
20 during this step will depend, on the one hand, on the
,?ropo;tions and on the nature of the metal oxide withiﬁ
the polymer matrix forming the dielectric and, on the
other hand, on the extent bf the reduction performed,
 and especially on the type of reducing agent used, and
25 on the prior'stripping step.
A The nature of the metal layer dépositéd'
varies depending on the type of reducing agent used and

on the nature of the metal oxide to be reduced.




non-conducting filler(s) and 10 to 90% by wei ght of 5 @@'b@%ﬁdﬁ?ﬂijBthe
reduction.is advantageously continued until a surface resistivity of
.greater than 106 QO is obtained. The netal lizations are preferably
produced in this case electrochem cally. The presence of the said
~continuous or 10 discontinuous netal sublayer also ensures catalysis of

t'he subsequent netal deposit produced, @hile bei ng conpletely conpatible
therewith. Mre specifically, this'sub?ayer, whet her obtai ned according to

the first method or tbﬁggggﬁgg%égpggéggqergghpﬁeggohngfove the adhesi on of

t he subsequent  net al enting any break 1n the electrica
conduction atpdisndmtiald itkRd iWhast 1 Baf OkBeCREAYENHGOHEehDe; seguction step
. in order to formthe sublayer, it may prove necesSary 20 beforehand to
‘strip the sydrmesgdfidde dielectric so as to expose the netal oxide .
particles on the surface. This is especially the case when all the netal
oxi de ' particles are cereaddtewnt hhehacpobymef batohydrItes H4ri pping
“treatnment consists either of a chem cal 25 treatnment using a chemcal -
capabl e of etechimidperheoser bpeeidfichhéypwhygnetheaneta] oxidé Bssari ppi ng

t echni que using nmechani cal nmeans, such as abrasion, brushing,
sandbl ast i ngpupmoisi wgige-filing. 27 January 2005 . 23 According to a
preferred nethod of inplenmenting the invention, the stripping is carried

out usi ng mechani cal fr¥afsls XRFHEY He FRdr3tliidh CHPRSH MndDehe sublayer 5
according to the second, net hod, when the netal oxide is
action of a borohydride.

By using this tfpe of reducing agent, the

16 layer formed on-the surface of the dielectric is a
continuous or discontinuous metal layer of coppér.

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

15 borohydrides in which at most three hydrogen atoms of
the borohydride ion have been replaced with ~
substituents which are inert under the reduction
conditions, such as for example with alkyl.radicals,
aryl radicals aﬁd alkoxy radicals, may be ﬁsed.

20 -Prefefably, alkaline bo:ohydrides are used in which the
alkaline part consists of sodium or potéséium. Typicél
examples of compounds that are suitable are: sodium
borohydfide, potassium bofohydride, sodium
diethylborohydride and potassium triphenylborchydride.

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

water and of an inert polar solvent such as, for




a -cuprous oxi de, sone. of the copper is reduced to the 27 5t qée whi ch
state the copper acts as a catalyst for the netal dep05|t|on carried out
-in step B). If there is an excess anmobunt of CuH,. it is slowy 10
converted to copper nmetal at roomtenperature, with hydrogen diffusing to
-the outside. Hereafter, the presence of this transient hydride will no

| onger be mentioned and reference will 25sinply be made to a netal |ayer. 15
In order to carry out the reduction, a person skilled in the art may

sel ect any oerample hearr eduiphegi@demesr adpatbled .of reducing netal oxide to
metal oxidation state 0. Obtaining the desired resistivity val ues 20
during this step w || Regf@urgnah shagioea kanprred vt beropydpécdei ons and on
-the nature of the nmetal .oxide within .the polymer matrix formng the

di electric afeRubiPihe That manariicatown wE é%ﬁéﬁts@ﬂuﬁﬁénﬁeﬂaﬁtion
performed, and especially on the type of reducing agent used, 'and 25 on
the prior stY?EXn?ﬁ?%ﬂ%ﬁ?e'ﬁﬁ@%ﬁﬁlﬁ' aft. Pﬁéfﬁéﬁgﬂyléiéﬁ Beb¥ErRed vari es

,dependln on t reduci ent ysed a on t ature of the
net al OXI @ﬁé”%£ cé&’ FEY é&ya§66§922y AEE6PdPhg 88 a preferred
o LT L o e e oo e
Lhe. et owf B Rrrdf At ¥t Won UaBerhBub8UUfBHebo BiRILC copper
o - preferred to do so at a temperature close to room
temperatuﬁe,'for example between 15 and 30°C. Witﬁ
10 regard to the éxecution 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
ﬁedium 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 sc as fd have a well-
defined reduction rate.
" By vafying mainly the treatment time, it is
possible to easily control the extent of the reduction
20 performed. To obtain a surface reéistivity
corresponding to the desired values, the treatment time
‘necessary is generally Quite short and, depending on
 the ambunts of oxide included in the dielectric, is
usually between about one minute andrabout fifteen
25  minutes. For a given treatment time, it is possible tb
further vary the reduction rate by adding varidus
accelerétors to the medium, such as for example boric

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




~action of a borohydride. By using this type of reducin@7ag%gharghgoog0
|.ayer formed on the surface of the dielectric is a continuous or -

- di sconti nuous netal |ayer of copper. The borohydrides that can be used in
the present invention include substituted borohydrides as well as
unsubstituted borohydrides. Substituted 15 borohydrides in which at nost

t hree- hydrogen atons of the borohydrige ion have been replaced with .
substituents which are inert under the reduction conditions, such as for

- exanpl e wi t kchlaidygesr adichals, cobalyl{Ifadchabsidad ai&bxy (IRdi cal s, may be
~used. 20 Preferably, alkaline bor,ohydrides are used in which the 25

al kal i ne parahlogrigiest avagededmlor chodoasde uand Tepprat (IEXanpl es of
conpounds that are suitable are: sodium borohydride, potassium

bor ohydri de,chd@diidm- di et hyl bor ohydri de and potassi um tri phenyl borohydri de.

The reducing treatment is carried out singly by bringing the dielectric
surface into contact wit BSa2l§el BEFEALEE FReVHBY oFRIr BRIGtH Aater or in a
m xt ure of an inertmgolar sol vent such as, %Qé 27 January

S

: f _water an
2005 25 8ex§ﬁﬁp ?dﬁﬁgﬁlPﬁﬁQtﬁe REWEP GPRBROT . CP 7S SERE ven to purely

i do 1 8 TSAHCLE ol P cPARES PP aSRRFORBIS 0TS SIS B wei ghi o1

,ﬁ;t“ge hydr%ﬁ§8i8§ £$8h98%8F¥9££d€ et d&é%&“iﬁ%Q-a1¥EiJé§Ué¥ g treatment
y be carriéd*out at hrg enpérature;  however, 1t 1s preferred to do so
at a tenperghiutgus! B58oh9ak @88 solution and then in withdrawing

o | 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 Qf the copﬁér
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
laver into contact with a suitable metal salt, in- acid

- medium, the condition being that the oxidation




‘tenperature, for exanple between 15 and 30C. Wth 10 regargl S\Peztoo
"execution of the reaction, it should be noted that it glves rl EEB(CH)3
-and to OHions, which have the effect of increasing the pH of the nedium
during the reduction. However, at high pH values, for exanple greater than
13, the rate of 15 reduction is decreased so that it may be advant ageous

to operate in a buffered nmediumso as g have a wel |- defined reduction
rate. By varying mainly. the treatnent time, it is possible to easily
control the pxtentialbfof Hehe édultfCunredbxppeiorbedlieds Ukmitthat saf f ace
resistivity corresponding to the desired values, the treatnent tine
necessary |stlmnmdmt Yo tiers Hdvet mardl dt@pémdld@gosmteﬂhe anount s of oxi de
included in the dielectric, is wusually between about one minute and about
fifteen 25 minutes. Fd%rnq#@rvmqsa@dtemﬂtmdrr@f impilempnssngl theo furt her
~vary the reduction rate by adding various _accelerators to_the medium. such
as for exanpiWIRfel AP Leed] being aetgldizedadpy, et gRPaPYedaci d. or

metal 27 January 2005 26 chlorides such as cobalt(l1) chloride, nickel(I1l)
chlori de? na‘}fg%ﬁréfléﬁlt)o ST PGENRAd °LopPELEPENTAERPBr i BBS It is al so

possible to vary th anpul t of or.ohy de use to_control the

Extent of t (ROTRRNINL (G 20A% Oy éPP@&lageF&%ﬁﬁaUﬁB?hﬁatgi%m% %" di ppi ng
t he substrate t?lQﬁﬁ#EQM%E%llg% %méghgalvghée M%igggf {% ydride sol ution

and then in W thara h Or reducti on
Operat'on3“%66%£ﬂ@%?b®'%%%3e%t§h5 alIhSraBQEEto?ftHQrgf@f%é£¥ié°Q§
| the actionlof a laser or of a plasma uﬁtil a metal
 -10; subléyer 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 surféce.
The metallization of ﬁhe sublayers ié carried
outras described above. |
Three preferred methods of imﬁlémeﬁtatibn for
step B) will now be descriﬁed, The methods of
20 implementation are illustrated by figures showing
schematic cross-sectional views of the ciicﬁitries
pfoducéd by a process according to the invention.
‘ Figures 1la) tp.lg) show the circuitry at the
various.speps in the process according to thé second
25 method of implementation.
VFigures 2a) to 2h) show the ciréuitry at the
various steps in the process according to the third

method of implementation.




BH4 consunmed depends on the viscosity. The BH4  thereforg. Idx a
“thin layer on the surface to be reduced. This process%z;f)éj%nﬁ%?%{ %é)'@%

- advant age of neither - contam nating the initial bath nor of destabilizing -
it. 15 The exact and precise conditions of the reduction by the

‘bor ohydri de are such as those described in EP 82 094. However, it nust be
understood that, within the context okgthe invention, only a surface part’
of the dielectric has to be reduced. 20 As a variant, if by reduction of

t he copper oxide partpich8Ss 3:QNtdonBdYs skhaldhiet cigyat el eeppre was

firstly deposited on the surface of the dielectric, it is possible for
there to be wricnierstegEhangenf privefealss asrcasiing convhet fihstcopper | ayer
“into a layer 25 of a netal other than copper, by oxidation-reduction. 1In

.general , thengrloedsst i inpdleres Hartiiogi.ng t he coppered | ayer into contact
-wWith a suitable. netal salt, in -acid nedium the condition being that the
oxi dation 27 January 2@®r@ingpdoent fdlrssf mefthodued/ Cu redox pair be |ess
than that of the redox pair for'the nmetal to be deposited. Another

- possi bl e SnetHerl ementpflicorentildgstratedubrayéouggsabre bP Bl ngifetal | i zed
may be enpl oyed.. 5 Accordi n% to thi,s nethod_of in’gl enentation, the :
_conpound capEBt@ Gt SHRRRGthG Vdubge GodRuLiEYalPVedt P84 aRd ECor ganonetal lic

conpound, thg subl ayer _being obtained b bjecting al], or part of the.
Qe eotr o coronaretiE 0 e, SPaly 5reby B hPibkaded helefia . 10
~subl ayer coveori ng: ll n gar_ti cular, the mcrovias is obtained. Before the
subl ayer is i d: hi'& ) aser or pl asma techni que may _aI So be used to

carry out possiMﬁa) forming a sublayer 305 capable of being
. 10 metallized on the surface Qf the microvias 304,
and on the surface of the dielectric or of part of
the dielectfic, by subjecting all or part of the
dieleétric to the reducing action of a suitable
reducing agent so0 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 [lacunal
registivity of which is between 0.01 and 10*° Q/O;
B2) producing'a circuitryjcom@rising tracks, pads,z:
20 and microvias by carrying out a seqﬁence of
treatment steps comprising, in‘é suitable order,
step (i) of elécﬁrochemical (electroless)
metallization and/or electrolytic metallization
.and step (ii)} of selective protection:by
25 deposition of a protective layer.
Step Bl) corresponds to the forﬁation of a
sublayver according to the second method of

implementation described above. This sublayer may,




“prestripping of the surface of the dielectric in orderzi(hégﬁg%¥ 05
organonetal lic particles appear on the 15 surface. The netallization of the
-sublayers is carried out as described above. Three preferred nethods of
inmpl ementation for step B). will now bé described. The nethods of 20
inplementation are illustrated by figures showing schematic
cross-sectional views of the circuitrieg produced by a process according
to the invention. Figures la) to .1g) show the circuitry at the various.

- steps in thewhepsesspassoidlidg B tdien Kecant with raidmdoehemipbenent ati on.
" Figures 2a) to 2h) show the circuitry at the various steps in the process
accordi ng t oantiéot helect el ot ofe tiafil ierenitoat iion.or2iér] aouabya2@0s 28
Figures 3a) to 3i) showthe circuitry at the various steps in. the process
according tomehelflager 34 howkwfallnpfends atliedrectadecoradngft dhe first

met hod of 5 inplenentation, illustrated in Figures 3a) to 3i), in which a
support 301, myCEPYERFiry level 302 and the dielectric 303 are shown, step
B) conprises the steps consisting in: Bl) form ng a sublayer 305 capabl e of
bei ng 103vetal i zed orS%8R Bir G &IPS Foc to@ £9r36%10MaRd on t he _
surface of the dielectric or of part of the dielectri subj ecting all.

or part of theackfielRR4S i P Vi@ & & £456n © fsﬁiéﬁgggﬁle reduci ng
agent;so as éfbéggégékE%§“ﬁé%o§§#¥d%¥%%ja protective layer. This
step generally involves a.sequence'of operations - (i)
Vﬁetallization and (ii) selective protection by

10 depositing a protectivé layer on part of the exposed
surface of the dielectric. Advantageously, it also
includes a step (iii) of etchihg thé sublayer or the
metal layers capable of‘beiné metallized.

The order of implementing these operations in

15 the seguence depends on the method used.

Conventionally, tﬁe 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 criticél, For
example, it will be possible'tﬁ use a process
consisting in (i)} depositing a layer 6f photosensitive
resin over the éntire surface of the dielectric or of

25 the sublayer, (ii) in forming an imaée on the
photosensitive layer by irradiation and fhen (1ii) in
removing the dissolvable part of the said léyer_of

photosensitive resin.




15 covering in particular the mcrovias, by reduction. of fhe 8t 8lyexide
particles on the exposed surface of-.the dielectric, the [Lacuna]
-resistivity of which is between 0.01 and 1010 @ D;: B2) producing a
circuitry conprising tracks, pads 20 and mcrovias by carrying out a
sequence of treatnent steps conprising, in a suitable order, step (i) of
el ectrochem cal (electroless) netallizgtion and/or electrolytic '
metal lization and step (ii) of selective protection by 25 deposition of a
~ protective layer. StemwBlkreiy espondsukbe thether pribenast aresubl ayer
according to the second nethod of inplenentation described above. This
subl ayer maypeXeckdnuany t200% .29 where .appropriate, be reinforced with

el ectrochem cal and/or electrolytic netallization in order to obtain a
nmetal |ayer 306 over d&He dfirshte teichhegiei coandsbf tthedepbsitimasa 5 Step
B2) corresponds to the formation of tracks, pads and microvias by the use
of sel ect i veogptaves Phorasengddyet reaiof (ROpLbOLEEt PhetbugeistITPE step
general ly involves a sequence of operations - (i) netallization and (ii)
selectivé prrotfEdS GV eh PRrG ogepGiitivRg TaSpRofl BEFRVEVRapRPTOFEDEFE) of t he
exposed surface of the dielectric. Advantageously, it also includes a
step (iii) 6?‘é#@h?ﬁ&lFﬁe5§6§P&?ePfth?hégbg§¥§F'IEQ%?% t3pabl e of being

netallized. The., rdereofginpl nenghng t hes ?gerations £@. 15 t he sequence
depends on #°EStErKod SdEEd T “SEolv Eft OWEF?g, Fer prbedettid it %nent ed by
' '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 'photosénsitive 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 advantageoﬁs from the
20 econqmic standpoint since_it does not require the use
of a mask.
According to this second technique, the
photosensitive resin isrselectively irradiated, pixel
- by pixel, by a laser beam scanning the surface of the
25 dielectric coated with photosensitive resin.
The dissolvable parts of the reéin are then
removed in the same way as in the conventional

technique, using positive and negative photoresists.




sel ective netallization of the circuitry (so-called "pattemrsethed) or
by nmetallization of the entire surface (so-called "panel" nethod). 20

- According to the invention, the method of protection that can be used is

- nhot critical. For exanple, it will be possible to use a process _
‘consisting in (i) depositing a |ayer of photosensitive resin over the
entire surface of the dielectric or of 335 the sublayer, (ii) in formng an-
i mge on the photosensitive |ayer by irradiation and then (iii) in
renoving t hergld S0l ysh} hPide :Qft itdhe 1St ey @l sof repBot-egensi hsve resin.

27 January 2005 30 Two Known techniques in the prior art are perfectly
suitable. TheetéIsgmdrechni que consists in depositing a positive '
phot osensitive resin (positive photoresist) or a negative photosensitive
resin (negative photorhasicvider o tlse ehtisr eesontiacechhitine, subbayer, which
is possibly reinforced with a netal |ayer, resulting fromstep Bl), then
subsequent | ykypesadifatliampn ed appropiriatesi dodepasmpéd; anlaseamanner known
per se, and using a 10 predeterm ned nmask, and finally in removing the
di'ssol valsl e qrenatging Hey gihet dodmeiredyd thegivalwbPEh, andepeldi hgsen t he case,
consi sts of the photosensitive resin irradiated through the mask (positive
phot or esi st )ORATatIAY siths thEe BRE-dA0r PedWavedensthhseagensVYrhRIY esin
(negative photoresist). The secand hﬁchnique ig the so-called LD (Laser
Direct |maging) technitpf& SReRRitdFat Ry, step BZ) 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);
.B24d) subjecting the metal deposited on the
dielectric to differential etching until complete
removal,lat 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 selectively reinforced by




'photosehsitive resin is exposed directly. This t echni qug i85, advantageous
~fromthe 20 econonic standpoint since it does not require the use of a.

- mask. According to this second technique, the photosensitive resinis

sel ectively irradi ated, pixel. by pixel, by a |aser beam scanning the
surface of the 25 dielectric coated with photosensitive resin. The
di-ssol vable parts of the resin are theg, renoved In the same way as in the’
conventional technique, using positive and negative photoresists. 27
~January 200%jep3kichbe dirsa0kUiPHePPEL3LLONET SoRbteni R SRt £ferred to as
"~ devel opnent. I'n order. to use this second technique, two types of |aser are
appropri at e, gdrir2a33pk@ing kasBicknebsrati &g 1®at¢hesimhrared (thermal LD)
‘and a UV |l aser operating in the 330-370 nm wavel ength range (UV-LDI).
More specifically, steplB2rithyycoOBpehsarédieinstieps somsilsgi ng in: B2a)
coati.ng certain parts of the surface of the 10 dielectric resulting from
step Bl) wiptvteaqiiagethevéuthaygeregibes pashsaB3dbng 308 ¢hatuidrey .not covered
corresponding to the regions intended to formthe desired interconnect
circuitry; B2b) reinkorordgnghtosand partscpnbar donetetBb i rftelb B2a) with a
~conpl enentary netal deposit 310 applied electrochemcally (electrolessly)
and/ or el e@28d| FOMRELEGS Bhe)skspdstapsipeingpbet surface of the

dielectric by rennving t he protectjve | ayer dequited in step
- BZaa) depositing a layer 307 of photosensitive

résin over the enﬁire surface of the dielectric,
after treatment with the reducing agent;
10 : Eéaﬁ) forming an image on the.photosensitive layer
by‘irradiation; |
BZay) rgmoving 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/oxr electrélytically, the latter method being more
'particularly preferred.
The metal reinforcing layer is preferébly a .
20 layer of copper, but it should be understood that the
invention is not limited to this partiqular embodiment.
However, it may be envisaged to deﬁosit a
layer of various conducting metals, such as a layer of
" nickel, gold, tin or a tin-lead alloy.
25 (Electroless) electfochemical metallization
is é known technique, which is described in
“Encyclopedié of Polymer Science and Technology, 1968,

Vol. 8, 658-61".




20 B2a) ; .B2d) subjecting the netal deposited on the,diglectti 6oha
~differential etching until conplete renobval, at those parts of “the
- dielectric which were exposed in step B2c), of the continuous copper
subl ayer 25 forned in step Bl).. Step B2a).allows the regions intended to
form the desired interconnect circuitry on the surface of the dielectric
- to be selectively reinforced by 27 Jammry 2005 32 deposition of a thicker
| ayer of conducting nmetal, generally having a thickness of at |east 3 pm
~Selectivity is ensuretikewibés eleptbylypiotmetaig Adtei Srutiy e r egi ons
containing no circuitry. 5 According to one particular process, step B2a)
conpri ses t kenstepsonahststhnmique; &EPse)despocidd ngy & Bregyerl giEdicf

phot osensitive resin over the entire surface of the dielectric, after
treatment wothPphprerdiciencagebtacu®ea B2661-33Tormi ng an i mage on the
photosensitive layer by irradiation; B2ay) - renoving the dissolvable part
" of the said ‘layer of2phexdbeasteiyoresieulamnlsmge ed mehegh- cover ed
parts of the_ 15 protective |ayer are reinforced by a conplenmentary netal
deposit appPFedmpl eReRbER@NTRAI IRVERT LR ¢ dths f1gR L Tel ectrol ytical ly,

Tayer is prBREPREF, Sk TISEICHE S SRRt ATl ¢ e under st ood that
‘the.25 'continued until a metal layer having a‘thickness of at |
least 5 ﬁm, preferably a thickness of between 10 and

20 ﬁm, is obtained.’ |

'iO ' In step B2c¢), the protective layer deposited
in BZa) is 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 étchihg
until the dielectric 314 in the futufe regions not
containing any circuitry are exposed to the air, these
regions being qovered,'at this stage in the process,;

20 with a continuous metal layer haviﬁg a surface
resistivity of 0.01 to 10° Q/D. buring this step, the

| regions intended to form the Iinterconnect circuitry and
the future regions conﬁaining no circuitry are etéhed
simultaneously. However, the thickness of metal

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

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




invention is not limted to this particular enbodi ment.,; Haweuer, dglosmay be
envi saged to deposit a |layer of various conducting netals, such"as a |ayer
-of nickel, gold, tin or atin-lead alloy. (Electroless) electrochenical
metal lization .is a known technique, which is described in "Encycl opedia
of Pol ymer Science and Technol ogy, 1968, -Vol. 8, 658-61". 27 January 2005

.. 10 15 of Polymer Science, [lacuna] 663263" According to a particularly

"preferred method of inplenmenting the invention, the netallization,

whet her el ectdpichmet AR nel egrealiyllys, iksiscpobbhbed tatil a netal

| ayer having a thickness of at least 5 m preferably a thickness of

bet ween 10 adwlleci vy i“$totini nke. cddtihgkparse, heléngral small
metal l'i zation is a conventional technique, also described in "Encycl opedia:
In step B2c)thidimegsr.otective | ayer deposited in B2a) is renoved in a
conventional manner known per se. A person skilled in the art will adapt

t he exposing nethod tihet ledchipg of peoersillvechayéedused wmtal manner
conmpletely known per se. Next, in step B2d), the nmetal deposited on the

di el ect rbc iEinadbjtddckpess oiff theenetal éprhArngfunti Leasl diwlekiric 314 in

the future regi ons not 'containing an¥ gircultrg are,exgéggd to the air,
‘these regi PRy Everdagesisthy stRi gk RFPRES ptdc SFERRY h a

cont i nuous tal |ayer havying a.surface . .
: ‘ etween ang &8 %m in ELe interconnect circuitry

regions, the remaining regions being completely devoid
of metal.

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

15 bl) forminé, oh 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

| photosensitiﬁe 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




resistivity of 0.01 to 103 0/D. During this step, the zJegOnmdNtARded to
formthe interconnect circuitry and -the future regions containing no.
~circuitry are etched sinultaneously. However, the thickness of nmetal 25
covering the regions intended to formthe interconnect <circuitry 312
(track), the interconnect circuitry 311 (conducting mcrovia) and the
interconnect circuitry 313 (pad), beinpg greater than that covering the
- future 27 January 2005 34 regions containing no circuitry, 'it is possible
to selectively "strip" theasadidieg,parts having a small thickness. The
etching is generally carried out until a 5 final thickness of the netal

| ayer of at least 3 pmis bty medingdiatbageausicy, wihhsat hi ckness is
preferably between 5 and 18 pmin the interconnect circuitry regions, the
remai ni ng regi ons bei ng comsdatcéing degeoicd caphbhet eff. réQuateortiag to a
'second nethod of inplenentation, illustrated in Figures la) tolg) , in
whi ch a support 101, a cir @gitedy okaédel pagrigAgsthe dielectric 103 are
-shown, step B) conprises the follow ng steps: 15 bl) fornming, on the
~dielectrPc 103 aﬁﬂﬂoﬁﬁﬂﬁirQﬁhﬁméFﬁ&samg49¥ §1p&f&PlYBLCof photosensitive

~resin intended to fqormthe selective protection, thi | ayer. not
_containing a conﬂﬁﬁﬁﬁjééﬁgﬂpé 6f a?n58c¢ﬁ§°§ﬁﬁs@q88ﬁ?fnﬁ?%.?i%@?ion; 20 cl)
irradi ating and devel o in%'th hot seng;BFVe resin so as to

| f .
sel ectively exposd efﬁi5fogﬁgg géx§8§é§gr8 FBn©106) and certain

The layer of photosensitive resin may be
removed during a subéequent step leaving, on the
10 .surface of the dielectric 113 through which a |
conducting micrbvia 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
~ 15 dielectric 203 are shown, step B) comprises the

following steps:

b2) forming a sublayer 205 capéble of being
metallized on the surface of the dielectric and of
the microvias 204: |
20 - either by coming into contact with a
solution of a noble metal salt capablel
of being reduced by the metal oxide
particles,
- or by coming into contact with a
25 : ~ reducing agent capable of reducing the
metal oxide particles; |

c2) electréchemical and/or electrolytic

- metallization so as to deposit a metal layer 206




parts of the dielectric (exposed region 107); " dl) fOF@?ﬂbg%u%HRJ%%Q% 108
capabl e of being 25 netallized either by comng into contact wth a
-solution of a noble netal salt capable of being reduced by the netal oxide
27 January 2005 35 particles, or by comng into contact with a reducing
agent capable of reducing the netal oxide particles; 5 el) electrochem cal
and/or electrolytic netallization so to deposit a netal |ayer 109 on
the parts exposed during step cl). The layer of photosensitive resin may be

removed during a Sybsequeidl&dian d QR RG, taR W& rotdagyrface of the
dielectric 113 through which a conducting mcrovia 110 passes, lines 111

and pads 112. Aqggrd&dgmiﬂggyddﬂﬁué ﬁgﬁﬁgﬂiﬂﬂédigﬁyﬁa@gptgtuggeriIIustrated
in Figures 2a) to 2h), in which a support 201,' ‘a circuitry |level 202 and
the 15 dielectri @03 arghetumunsittier Besdtanphiteesiciheéo Eokkovhag st eps:
b2) form ng a sublayer 205 capable of being netallized on the surface of
the dielectric ameldctite pricreatiiasn;204: 20 either by ‘comng into contact
with a solution of a noble netal salt capable of being reduced by the
met al oxidde . par t49| dsrradgratigynoc @midngeivelopdogt &be Wevhraof

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
exposéd 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 appareht in the
| 25 lightbof the éxample given below solely by way of
indication and describing the manufacture of a printed

~ gircuit.




" 25 reduci ng agent capabl e of reducing the netal OXIdEjﬁM&déﬁ(ﬁ?
el ectrochem cal and/or electrolytic -netallization so as to deposit a nmet al

“ layer 206 27 January 2005 36 on the dielectric and on the mcrovias; d2)
formng, on-the netallized surface, a |ayer 207 of photosensitive resin
intended to formthe selective protection; 5 e2) irradiating and

devel oping the layer of photosensitivgsresin so as to selectively expose
certain parts of the netal layer. A protective resin |ayer 210, 209
remai ns on certain parggefrattiox metal - layer; 10 f2) renoving the netal

| ayer fromthe parts ZUO8 expoSe€d during step e2); g2) renoving the |ayer
of photosensitive redhis Prepaatdeon dblasnedtbasther hanesaotutde 15
dielectric 214, of the conducting mcrovias 211 through the dlelectrlc,
of the |linesR2%kE randvatvies patls 2bdsisAdagr dingranidndtiheespfwhish aspect s,
the invention relates. to the use of the process according to the
invention fors tivpgeoedded o tdf daeilecsdici keains 20 and of nultil ayer
modul es (usually called MCMs or nultichip nodules in the art) having a high
integratbon density. AFrpolivemideiaids éﬁéladvaﬁtﬁgééuﬁﬁdtﬁéomlnventlon will
becone nore clearly apparent in the 25 light of the exanple given bel ow
sol el y by wéFWﬂEl%%ﬂﬁﬁﬂ%Y@ﬁ4@§nddéé§€FVBPﬁ§°Fﬂ%“ﬁﬁﬂuﬁécWﬁ¥%u€ﬁ %f printed

the 2,4 and 2,6 isomers in the ratio 80/20) and

terephthalic acid (in the trimellic
'anhydridé/ﬁerephthalic acid molar ratio: 60/40).
10 _ The diisocyanato [lacuna] on the one hand and
the trimellic anhydride plus terephthalic acid
‘qombination 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 polyéondensation, with a soiids_
content of 21%, its viscosity at 20°C was 630 poise.
The resin/solvent mixture is called collodion.-
A nonwoven, consisting on the-bﬁé'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
N grammage of 55 g/nf, by a dry route. This web, highly
hot~calendered, was then impregnated with the
25 polyamideimide resin prepared above, using a “size
preésh.
On leaving the “size press”, the impregnated

web was immersed in a coagulation bath consisting of a




ci-rcuit. 27-January 2005 37 5 PREPARATION 1: This preparatioQndd,) usig=at es
t he.manuf acture of a nonwoven web, consisting of aramd fibres,” which .is
-inpregnated with dielectric resin. A polyam deimde resin was produced from
trinellic anhydride, diisocyanatotoluene (a mxture of the 2,4 and 2,6
isoners in the ratio 80/20) and terephthalic acid (in the trinellic
anhydride/terephthalic acid nolar ratigg 60/40). 10 The diisocyana to
(lacuna] on the one hand and the trinellic anhydride plus terephthalic
aci'd ‘conbi natEwOed e At (W E wiel ghltOiralRi eNBir 60/ 4apounts. This

pol yam dei m de resin was obtained-in a 15 polar solvent, nanely

1, 3-di met hyIm&intd dezbldtdigodige @B¥EWEDL Ahushemerdgabtegokysondensat.i on,
‘wWth a solids content of 21% its viscosity at 20C. was 630 poise. The

resi n/ sol:ventaimndanres arsi ddldrediriedl, | adi encoAnhensoveanteongi 8ting on the
one hand of 20 -non-overdrawn KERVEL(r) polyam deimde fibres and on the
ot her - hand cfuquédsgsisihn PEARDN@Y) ncardrisdshippléedi atathei ghvnstaedmm of 50/ 50
was produced continuously, with a grammge of 55 g/n2, by a dry route. This
web, hi ghl y enfbtafe dihendasdd noway steen Wil ipr Byhat ¥atart hwhheh 25 - :
"pol yam dei mi de resin prepared above, using a "size press". On |leaving the
"size pr.ess'qr%%h%%?g@emﬁweﬂaylmgwggdmnl*anBa‘gﬁP%F on bath-

consisting of a ' . : N
' g towards the upstream. Some of the washing liquid was

used to automatically reequilibrate the composition of
the coagﬁlation-bath.
10 | After washing, the impregnated web was
| continuously dried in a fan oﬁen at a temperature of
1§O°C.”
After drying, this web had an overall
grammage of 93 g/mz. The iiregular edges were cut off to

15 give a web 92 cm in width.

PREPARATION 2:

This preparatioﬁ_illustrates the manufacture
of a Cup,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 bollodion prepared in Preparation
25 1 wés 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-rcll” machine normally used for preparing




27. January 2005 38 DMEU water m xture in a weight rati 4?

mai nt ai ned at 20C. The web thus inpregnated was calen reéiané: hen drled
-in a countercurrent, by a succession of spray nozzles supplied at the
downstream 5 end of the washi ng systemwith pure water, which 10 gradually
becane charged with DVEU in its novenent. towards the upstrean1 Sone of 'the
washing liquid was used to automati cakly reequilibrate the conposition of
t he coagul ati on bath. After washi ng, ﬁe i npregnated web was continuously

dried in a fadoven #le %é%%ﬁgawc%oqf b1kHRCorAkher 1d5yi pg11this web had
an overall “grammage of 93 g/ The irregul ar edges were cut off to 15

give a web 92eliwdredvadidu,0PREPAEAII 6N 2atdhitse prepot attiois i | | ustrates the
manufacture of a Cu20 -filled dielectric conprising an internal |ayer 20
consj sti ng cdusparoivay &reiwep compakarilg hiohbesnebhe, sanfiagesstiseppi ng of
this dielectric, the reduction of the Cu20 'to netallic copper and the
copperplatlr@p(ﬁoaﬁutha%mam tlimpgedneltedt iinc Prepabathont $.si des. Sone of the
coll odion prepared in Preparation 25 1 was taken and m xed with :
pul verul ént cuprous oXihge coaThegCuas/ pekryarideiti de “£ollodiath” wei ght ratio
was 14.6% This m xture was passed through a so-called "three-roll" machine
normal | y usdePderanst &fer itkgnsfelanbiafylredsresin was regulated by

a set of two rotating rolls fitted with doctor blades.
. The composition of the cecating resin was kept
constant by a pump which circulated it in é closed
10 loop.
As the coated web moved upwards it passed
.through an electrical drfing oven before coming into
contact with the cocled return roll,.which returned the
web to the winding station.
15 , : Measurément of the thickness of the coated
web, determined using a micrometer gauge, showed that
63 pm of filled resin was deposited on each side of the
web (assuming that both sides were coated identically).
The web thus prepared ?assed: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
Vcolour than originally. 7
The web thus stripped on the surface was then
25 reduced by a potassium borohydride soclution. The
aqueous reduction bath contained, in solution: 0.5% of
 sodium hydroxide, 1% of carboxymethylcellulose, 5% of

potassium borohydride and 1% of an aquecus solution




"39 paints. The recovery doct or blade of the last roll zp%légn\{%rrsgz%o@zo
--suspension into the resin, this suspension being conpletely honogeneous,

- and was used to.coat the web inpregnated in Preparation 1. .The coating
was carried out in "full bath"™ node and the transfer of filled resin was

regul ated by a-set of two rotating rolls fitted with doctor blades. The

conposition of the coating resin was kggt constant by a punp which

. circulated it in a closed 10 | oop. 15 As the coated web noved upwards it

- passed. throgght@nBh@Cly icRla HudfEteRN HefohattoRaByg into contact with

the.cooled return roll, which returned the web to the w nding station.

- Measur enent eéntheudls ok nasisredd Wie adeated ngwelpbbdetiein. ned using a

m cronmet er gauge, showed that 63 pmof filled resin was deposited on each
side of the web (assurfitrg vidkatwasotduisikies immeesedatindthdenedoatiyh. The

‘web thus prepared passed between two 20 abrasive rolls rotating in the
opposi t e di rleath ofrardadtt fomwdmit 5 Hie andattbgnwebe hegthgnh shiny surface.
at entry, left with a matt finish and a brighter red colour than

ori gi nal By. amerained s e Wwepednofhehd&osar Pice Whsnt hehm2seaededed by a

“pot assi um borohydri de solution. The aqueous reduction bath contained, in
sol ution: 0.5%&Hr LQ5diaRaUry PG FE82EEY of car boxynet hyl cel | ul ose, 5% of

pot assi um bor ohydri de gd 146 o, a1 aqueou 301 1 0n, 27, Jgnyary 2005 40

passing itrthrough an exhausted bath and then subjected
to water spraying on both sidés, 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 ci?cuitry 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" ;



“cantaining 1% of "a surfactant. The bath was conti nuous)y i rred cair
bei ng bubbled in. The web was quickly irmersed in the ?ghd%%%gﬁ% g??ﬁ,

. (contact for about 5 s) and then the reactant 5 entrained by the web in the
formof athinfilmreacted in air for about one m nute. The web was then
continuously rinsed by passing it through an exhausted. bath and then

subj ected to water spraying on both si,des, and finally the liquid .10
wat er on the surface was renoved by running the web past conpressed-air

bl owi ng nozzééﬁr%g?ég%?n43¥%§I%ﬁ?fyaﬁg:ty bet ween point el ectrodes was then

bet ween 15 a | acu r a distance of 20 cm The web thus

prepared than passed1thBEeThgaor 18 &P B r it Cadi GORREIRIAE | ng bath
“in which return rolls increase the residence tinme in the bath. After 15

~ m nutes' contagidethe copper deposit was about 1 mon each side of the
web. . This deposit could then have been increased by passing through a
~copper sul phat ¢tpl atragi 201 vat thr ARAPARATHOY :FHught S riyee pairadaioan
illustrates the formation of a circuitry on each side of the netallized
di el ectrbc 25whbhathedsuinstheter evi ous preparation. Specinmens cut fromthe
web, copperplated on both sides in Exanple 2, were then able to be nade in
the form of *a thecdévelepment hesipata arinlplasing'sdntismudiepviogs 41 '
t echnol ogy, which includes: the calendering .of a dry "photoresist" film
on each side;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 {CuS0,+:5H,0) and 2 mol/litre of sulphuric acid,
together with a commercial brightener. The anodes of
the device consisted of pure coppeﬁ plates enclosed in
15 bags consisting of fine cloth made of synthetic yarns.
The electrolysis current was set at 3 aA/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 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 minutes, it was rinsed with

- water. Only the desired circuit then appeared, with a




it-s irradiation through masks brought into contact 5 w h ty-ate;
the devel opnent using a mld basic solution |eaving 02#@Q¥%%Eﬁ§§g$$%§ part
--of the mask unchanged;. and finally-the electrolytic reinforcenent of. the
exposed copperplated parts. 10 The electrolytic reinforcenent was carried
out in an aqueous bath containing 75 g/l of copper sulphate (CuSO4 5H20)
and 2 nol/litre of sulphuric acid, .together with a comrercial brightener. -
The anodes of the device consisted of pure copper plates enclosed in ‘15
bags consi styingh16f Hfdche lAlh Mde 20hagynkbeLi Sfyaéﬁﬁer:rhﬁuﬂlﬁ?%m' ysis
current was set at 3 A/dn2 . After about ten mnuies, the electrolytic
rei nf or cementh gy chiRRP&GpidNg. thReubheahedcs8eBARNCY@EainNB§h s The rest
of the photoresist filmwas then 207dissolved using a strongly basic
sol ution, reMgahuldc bReddesisteded £BYi braghthessdoti onal céppekness with
respect to the thin copperplated base. The difference in. thickness

bet ween t hese rtowd trsggmtuischware rababen9r pnisednahot irsedes. 25 Lastly, the
doubl e-sided circuit was imMmersed in a gently stirred aqueous bath
containihg 10%ferric chloride and, after two mnutes, it was rinsed with
water. Only the desired circuit then appeared, with a 27 January 20.05 42 .

~ highly matt finish, oEXAMBAEe free of copper. Running the product rapidly

t hrough an acid bath containing 1% sul phuric acid restored the brightness
of the copper circuits, which were then rinsed and dried. 5

The Cuy0-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 doéﬁor blade
and dried by paséing it into.a fan oven for 15 minuﬁQS-_
at 190°C. The same operation was carried out on the
other-side and then the circuit was abraded by paséing
15 it between two abrasive rolls, as in Ereparation 2. The.
average increase,in_thickness-of the double-sided
circuit was 112 pm, i.e. 56 pm per side assuming an
identical deposit. The planarity of the circuit was
satisfactory. 7 -
20 The drilling operations were then carried
out, on each side, uéing a CO, 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 um;
A reduction operation was then carried out,

- followed by chemical copperplating as indicated in




EXAMPLE The Cu20 -filled dielectric resin prepared in eﬂqﬁpat' S
used, together with the double-sided 10 circuit pr oduceéc?'i n reﬂﬁgrr}aoﬁ%\ﬁ 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 mnutes at 190C. The
same. operation was carried.out on the other side and then the circuit was
abraded by passing 15 it between two rasive rolls, as in Preparation 2.
The average increase. in thickness of the double-sided circuit was 112 pm
i.e. 56 pm pgreSifecAassui ng an identical deposit. The planarity of the

circuit. was satisfactory. 20 The drilling operations were then carried.
out, on each side, USIFithaA1yGOFHAYYe RGOS A sk@iBedphgest abl i shed
drawing. This drilling was carried out directly w thout any particular

preparati on pfepdiatispe@ Rire DeaFied ot isd asbitBoebkainm croscope showed
25 that the drillholes were roughly circular with a dianmeter in the upper

- part_of abouth&fegpfherA a ediidtiilayeaperiaicudn wds foultebecal s} etheut, foll owed
by chem cal copperplating as indicated in 27 January 2005 43 Preparation 2. -
‘Finally, 3t helaperatl arel desdr Mbedhi, nonPtégacati band, wené tavelsd3out so as
to obtain thereafter a nmultilayer circuit of ‘four levels, the layers 1 and
2 of which, and thelbndiltdind crafdel ety Bandndwaref inkherhonoRcte@- ot her
~hand, were interconnected. The procedure_exenplified above (the subject

The procedure exemplified above (the subject
of this example) could then be repeaﬁed-for the purpose

of adding two new circuit levels.




of- this exanple) could then be repeated for the purpos i new

circuit levels. 27 January 2005 WO 02/1. 1503 44 ELAFNngkg%fﬁggkg%gggo 1
. Process for producing a circuitry conprising conducting tracks, pads and
m crovias, on 5 the upper surface of a dielectric consisting of a polyner
matrix, of a conpound capabl e of inducing subsequent netallization and,
wher e appr o¥d &t2¢/116030one . or nore ot hé4, non- conductBGRY BRI /A0S, '
fillers, the said dielectric covering a.circuitry level or a 10 netallized
| ayer, by inplenmenting the steps consisting in: A) drilling right through
the said dielectric without drillingcthemsubj acent -netallized |ayer or the
subjacent circuitry level so as to formone or 15 nore mcrovias at the
desired locations; B) formng, by netallization, netal tracks, pads and
m crovias on the surface of the dielectric and of . the mcrovias with the .
use of - sel ectiveprotecti orro2@s25rby gep@stingnaofiscypiodective |ayer. 2.

Process according to claim1, characterized in that the conpound capable
of i nduci ng complrdedquentonmdtatl ngatrankspnsads saod mpartowiaes, adna neta
oxi de chosen fromCu,. Co, C, Cd, Ni, Pb and Sb oxides and m xtures
t hereof . 53. theovpperasvofdragofoactaebedtric consisting of a
| polymer matrix, of a compound capable of inducing
pSubSequent metallization and, where appropriate, of one
~or more other, nbn—conducting and inert, fillers, the
said dielectric covering a circuitry level or a
10 metallized layer, by implementing the steps consistihg
in: '
h) drilling right through the said dielectric without
‘drilling the subjacent metallized %ayer or the
-subjacent,circuitry level so as to form one of
15 . more microvias at the desired locat;ong;
B) forming, by metallizétidn, metal tracks, pads andr
microvias on the surface of the dielectric and of
the microvias with the use of 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 theréof.
25 : 3. Process according to claim 1,

characterized in that the laser drilling is carried out

in step A) by means of a laser.




characterized in that the laser drilling is carried out,y i

means of a laser. 27 January 2005 45 . 4. Process. accorzcyi r%llﬁ% |§I)Or%%yl
-.characterized in that the nmetallization is carried out on a sublayer
eapabl e of being netallized, which was forned previously on the surface of
the mcrovias, and 5 on the surface of the dielectric or of parts of the
~.surface of the dielectric. 5. Processaccording to claiml, characterized
in that the conpound capabl e of inducing subsequent netallization consists

of particles of a 10 nptal sxbéles$hQerdirMéel.c1@@m @,, Cd, N, Pb and Sb
.oxi des and m xtures thereof, and in that step B) conprises the steps

consi sting ichafdgtépireddin shid Ry nmeaRallieaefi dheiirkg caktakld 2ad on the
surface of the microvias, and on the surface of the 15 dielectric or of

- part of the swrd asebdyd¢hecapaidlectali heinty metalddiedy ahlichrwaart of the
dielectric to the reducing action of a suitable reducing agent until a
met al subl ayformed grrengi,ousilypan ithd aurfiahe woifcitdel adcrevabgai and, by
reduction of the nmetal oxide particles 20 on the exposed surface of the
di el ectrisc, emetle sumizgce refkithd diglegkriki o iof parwsenfotde, and 1010
0/ D; B2) producing a-circuitry conprising tracks, pads and mcrovias by
i mpl ement i nPW SRIc T A AGEHC -steps conprising, in a suitable
order, step (1) of 25 electrochem cal (el ectroless) and/or electrolytic
metal lization and step (i )FTHCeES @CCP¥EipLotcEL8A™py - deposition of a

prOteCtive'léﬁ&?&cé%r&@k&f%ﬁ?t%%&?%ggngo%goﬁhgigggéble 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 éonsisting 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
feducing action of a suitable reducing agént until a
‘metal sublayer covering, in particular, the microvias
is bbtained, by reduction of the metal oxide particles

20 on the exposed surface of the dieleétric, the [lacuna]
resistivity of which is between 0.01 and 10%° Q/0;
B2) producing a circuitry comprising tracks, pads and
microvias by implementing a-sequeﬁce of treatment steps
comprising, in a suitable order, step (i) of

25 electrochemical (electroless) and/or electrolytic
metallization and step (ii) of selecﬁive brotection by
deposition of a protective layer.

6. Process according to claim 5,




27 January 2005 46 characterized in that step B2) includes, chygyg step
(iii1). 7. Process according to claim5, characterized in that in step
. Bl) the sublayer is formed over the entire surface of the dielectric and
of the microvias; this sublayer being, where appropriate, reinforced by
netal lization over all of the dielectric and of the mcrovias; 10 step
- B2) “involves the inplenentation, in order, of the follow ng steps B2a) to
B2d): B2a) coating certain parts of the surface of the dielectric

resulting fromsiepeBlled £ chdt ARy 848 i) %gest RE RRERSnEhategre not
covered corresponding to 15 the regions intended to formthe desited =

interconnect(ifiycuitry; B2b) reinforcing the said parts not covered in
B2a) with a conplenentary netal deposit applied electrochemcally

(el ectrolessly) and/or720 edmesddsd Wdcealdiyig B2C)k1a8xpa@si ng t he upper.
surface of the dielectric by renoving the protective |ayer deposited in
step. B2a); clB2dictemigesttimgtate netal deposited on the dielectric to
differential etching until conplete renoval, at 25 those parts of the
dielectrisc vhi éh @eep Biposkd sublayep B2ciormed dher sihd apagrirfeor ned in
step Bl). 8. Process according to claim7, characterized in that step B2a)
~ conprises the §Pé§§cﬁ70£ahhar3i61EE¢RﬁQ'and of the microvias, this

sublayer being, where appropriate, reinforced by
metallization over all of the dielectric and of the
microvias;
10 e step B2) involves the implementétion, 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 inten@ed to form the desired intefconnect
circuitry;
B2b).reinforcing tﬁe said parts not covered in BZa)
with a complemehtary metal deposit applied
electrochemically (electrolessly) and/or
20 electrolytically;- -
B2c) exposing the upper surface of the dielectric by
removing the protectivé layer depositéd in step B2a):;
‘B2d) subjecting the metal deposited on the dielectric
to differential etching until compiete removal, at
25 those parts of the dielectric which were ekposed in
step B2c), of the sublayer formed in steprBl).
| 8. Process according to claim 7,

characterized in that step B2a) comprises the steps




'consisting in: B2a (X dep05|t|ng a layer of photosenmgj\ggﬂﬂgyy1g@g§ t he
entire surface of the dielectric, after treatnment with the reduci ng agent;

.5 B24) form ng an image .on the photosen3|t|ve | ayer by irradiation; B2ay)

removing the dissolvable part -of the said |ayer of photosensitive resin.
9. Process according to claim5, 10 characterized in that the reducing
agent for formng the sublayer in stepsBi) is an alkaline borohydride,
-the reduction being carried out by bringing the said dielectric into

contact wthcaisasrigapsizsol ution of the said borohydride until a
.continuous netal |ayer having 15 a surface. resistivity of between 0.01 and

1010 Q@ ~ i sppadkai desbsitindP0geseraeFotictdskdstave pesehabgeteri zed in
that the dielectric consists of: from1l0 to 90% preferably from25 to

90% by 20 vigighintofrenehalfamd df, theodieleetoits byfrerghireatmener t
non-conducting filler(s); and from10 to 90% preferably from 10 to 75%
. by - wei ght ofigoltheeredesiimg a2%ndnd in that in step Bl) the reduction is
.continued wuntil a surface resistivity' of between 0.01 and 103 QDis
obt ai ned? t R2afbt fiorming en imageepnBihebphagosersieiveutarerdry ol yt i cally.
27 January %g%%éf%tl%%' Process according to claimS5,
B2ay) removing therdissolvable part of the said layer of
ﬁhotosensitive resin.
9. Process accordingrto claim 5,
10 characterized in that the reéuéing agent for forming.
the sublayer in step Bl) is an alkaline borohydride;
the reduétion being carried out by bringing the said
dielectric into contact with an agueous solution of the
said borohydride until a contiﬁuous metal layer having
15 é surface resistivity of between 0.01 and 10*° @/0 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 nqn»conducting
filler(s);'and |
- from 10 to 90%, preferably from 10 to 75%, by
-weight of polymer resin; '
f25 and in that in step Bl) the reduction is continued
until a surface resistivity of between 0.01 and 10° o/0

is obtained, the metallization in step B2) being

carried out electrolytically.




characterized in that the netal oxide particles are cuprQus W& o0s
particles and in that, in step Bl) a netallic copper sublayer Is
- deposited. on the exposed 5 surface of the said dielectric. 12. Process
according to claim5, characterized in that the netallization in step B2)
consists of a nmetallic copper deposit. 13. Process according to claim1, 10
~characterized in that the conpound capahl e of inducing subsequent :
netal li zati on consi sts of particles of a netal oxide chosen from Cu, Co,

Cr, Cd, Ni, ‘Pb and Sb 110xi desayh HeddHandt ker eakjand,in that step B)
conprises the steps consisting in: 15 Bl) form ng a, sublayer capabl e of
being metal | ¢kechererifel sur frace ahd ke vdicbaidaspaiidcoBst Aeesur face of
~the dielectric or of part of the surface of the dielectric, by subjecting
al-l or. partcafrddee.oxidielparttidlies tamd He atbitoniaf saepoBayi an of a nobl e
nmetal salt capable of 20 being reduced by the oxide particles; B2) .
produci ng' a ®e¥aliiia copmepr issibdg aradles depads taddonntbeovkpssbgt carrying
out a sequence of treatnent steps conprising, in a suitable order, step
(i) of &l eci¥fdrenicdaltheelsedd sliedsrtand/or el ectrolytic 25 netallization

and step (ii) of selective protection by deposition of a protective |ayer.
14. Process accordi ngito cF&ofess agkardiner ree@lanmthat step B) conprises

g o e bRt ILh 3002020 10 hER3113 B Liod L Dlep O O A1 ST ECHITE

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

10 characterized in that thé compound capable of inducing
subsequent metallization consists ofrparticles 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

thé 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;dieleqt:ic 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
depbsition of a protective layer. |

14. Process according to claim 2,

characterized in that step B) comprises the following




| ayer of photosensitive resin intended to formthe selectiyg frobeets on,
- this l.ayer not containing a conpound capabl e of inducing subsequent
-metallization; ~cl) irradiating and devel oping the | ayer of

phot osensitive resin so as to selectively expose the mcrovias and certain
‘parts of the dielectric; dl')) form ng a sublayer capable of being netallized
‘ei'ther by coming into contact with a gelution of a noble netal salt '
capabl e of being reduced by the netal oxide particles, or by coning into
~contact wthstegd: reduci ng agent capable of reducing the netal oxide
particles; el) electrochem cal and/or electrolytic netallization so as to
deposit a n&kl fayemgn diheheadislexpesedaddr bngtekepicebvias, als.
Process according to claim2, 20 characterized in that step B) conprises
the fol | owi Npyest exfs phsoskeosiitnigea reshhayetendpdbte Hbrmetmg netal i zed on
the surface of the dielectric and of the mcrovias: t t 4- 4 4-1, - 4th b
25 e. ey iigrledddmwsg perodestdonwi THis lsykut hoh ofnbahombhe aetal salt
capabl e _of being reduced by the netal oxide . particles, or by comng into
cont act ﬁjtypquppqgaﬁ@§p@lgggg 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; _1
dl) forming a sublgyer capable of being metallizéd

10 - 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

15 oxide particles;

el) electrochemical and/or electrolytic metallization
so as to deposit a metal layer on the parts exposed
during.step;cljg.- u

15. Process according to claim 2,

20 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

25 _ - solution of a noble metal salt capable

of being reduced by'the ﬁefal oxide
particles,

- or by coming into contact with a




"50 reducing agent capabl e of reducing the netal oxi de7 RAaktiaGheSi00%2)
el ectrochem cal and/or electrolytic netallization so as to deposit a netal

.layer on the dielectric and on 5 the mcrovias; d2) formng, on the

netal lized surface, a |ayer of photosensitive resin intended to formthe .
selective protection; e2) .irradiating and devel oping the | ayer of 10

phot osensitive resin so as to selectivelyy expose certain parts of the
metal |ayer; f2) renoving the netal layer fromthe parts exposed during

step e2); g2) renoving the Jayee: ff %&p%ﬁ?é&hky%frQ@HBCln&Stﬂ@ Process
according to claima1, characterlzed in that the dielectric surface is

- obtained froma | am nat ed qmgdéj(bgya@p@dytﬂgléslayer of netal and a | ayer -
of the said dielectric, consisting of "a polyner matrix, .of a conpound
capabl e of |@ziuceh@%c&m@merahdrretralelllemtrloquta@dmeu/aewzaﬁpbﬁpri ate, of
one or nore other, non-conducting and inert, fillers. 17. Use of the
process accosdiag to daposine a afetalaileyel ba thef dietbetpiodandi on of
printed circuits and of nultilayer nodul es having a high 25 integration
density. 518.tigk rmiduawiasonpri si ng tracks, pads and mcrovias, capable of
.. being obtalned by inplementing a process according to any one of clains 1
‘to. 16. 27 GETEOWG SR the mptpAldged s@nﬁaceonprlgym af | east one

photosensitive resin intended to form the selective
protection; |
e2) ifradiating‘andrdeveloping the layer of

10 photosengitive resin so as to selectively expése
certain parts of the metal layer;
f2) removing the metal laye; from the parts exposed
during step e2); o

. gZ) removing the layer of photosensitive resiﬁ.

15 l6. :Process according to claim 1,
characterized in that the dielectric surface is
obtained from a laminate& article comprising a layer of
metal and a layer of the said dielectric, cgnsisting 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 éndl
microvias, capable of being obtained by implementing a

process according to any one of claims 1 to 16.




"circuitry according to claimi8. 20. Miltilayer nndulegymggﬁ&g£¥]§&n§east'
one circuitry according to claim18.

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

one circuitry according to claim 18.






