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(54) Title: METHOD FOR MAKING A CIRCUITRY COMPRISING CONDUCTIVE TRACKS, CHIPS AND MICRO-VIAS
" AND USE OF SAME FOR PRODUCING PRINTED CIRCUTTS AND MULTILAYER MODULES WITH HIGH DENSITY OF

INTEGRATION

(54) Titre: PROCEDE DE REALISATION D*UNE CIRCUITERIE COMPORTANT PISTES, PASTILLES ET MICROTRAVER-
SEES CONDUCTRICES ET UTILISATION DE CE PROCEDE POUR LA REALISATION DE CIRCUITS IMPRIMES ET DE
MODULES MULTICOUCHES A HAUTE DENSITE D'INTEGRATION .

(57) Abstract: The invention concerns 2 method

3.)_ for making a circnitry comprising conductive

303 tracks, chips and micro-vias, at the lop surface of

- \ r a dielectric (303) consisting of a polymer mamix,

NN Y R a compound capable of inducing subsequén

it 2 q"!ﬂ B a. metallization and, if required one or several

] non-conductive and inert fillers, said dielectric

ngﬁ (303) covering a level of circuitry (302) -or

3 " ‘metnllized layer, which comprises steps which

’ consist in: a) perforating right through said

" P v T dielectric (303) without perforating the subjacent
' (WAL BT L I B et b ‘metallized layer or the subjacent level of circuity,,

(302), so as o form one or several micro-vias'

{304) at desired sites; b) forming, by metallizaton,
metal tracks {312), chips {313) and micro-vias

&C (311) at the surface of the dielectric (314) and
of the micro-vias (304), while providing selective
protection by depositing a protective layer.

~ {continued on next page]
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As printed (54) Title: METHOD FOR MAKI NG A Cl RCU TRY J | | VE
TRAEKS, CFIIPS AND M CRO-VIAS _AND USE OF SAVE FOR P%ﬁéﬁ%ﬁ%ﬂ

Cl RCUI TS_AND_MULTI'LAYER MODULES WKOrf2(10803 AENS| TY OF | NTEGRATI ON (54)
Titre : PROCEDE DE REALI'SATI'ON D UNE ClI RCUI TERIE COVWPORTANT PI STES, .
PASTI LLES ET M CROTRAVER- SEES CONDUCTRI CES ET UTI LI SATI ON DE CE PROCEDE
POUR | 8¥)\Desgadddl sibis Tnakofdy: RE A8, REUM Sit, | MBREMES ET DE  MODULES MULTI COUCHE S
A HAUTE DENSZ A, BEBGNROBRATICANIZON, CB03 | 3@Bhbingraaipnallastiraot.. The |

i nvent i onth §HcC& S DX, PINEC, EE.GS. B8 ng a Stfreariyefthepoimriglkdie seafidwet | ve

tracks, cHpE HR LR dL NP PR, + o s dfipa il bofprublighedf wrhaptineds €803)
consi st %ﬁ%ﬁgﬁl‘g onpoun&“@8pabl e of induci ng subsequent
met al | i zakd, D, sBIME, 5o, §1, SKOSIVTH B TR, B  ARVReBlanasbkO by GORBUEGL B8 ARurl DREL

filler, sad dcdisshmen,niucza, £803) cover i N@bravidi@y edferddde isGlaleQhihd dYankriddd 2uidnce
metal lized |ayer, which conprises step¥tenbn GHes agbibdresdtionsth ar the) begp@ing afteadhi Ng

ri ght ®hPet statesyregi 2 Rajent (G4H 8. \iegulaerd¥ionserkd F67 &edtsg t he subj acent
rretal'lizé‘ﬁ'ﬂ1 %@? 1% el of circuitry,., (302), so as to
- f or m one gQipes BNRI(RT, BEICE G, Bh,&%, £sl B at desired sites; b) forming, by
met al | i z&B,iGRIE, IT, MeiMd, NLPAGESR], 8AR Patenc hi ps (313) and micro-vies (3.11) at
t he sur f @FBIdIF, ¢ el &N ARGV MAMRand of the mcro-vies (304), while
provi di niES81T®ctPve protection by depositing a protective |ayer.

(continued on next page) 27' January 2005

{57) Abrégé : La présenie invention concerne un procédé de réalisation d'une circuiterie comportant pistes, pastilles et micro‘lm—
versées conductrices, 2 la surface supérieure d'un diélectrique (303) constitué d'une tnatrice polymére, d'un compoasé susceptible
d"induire une métallisation nltérienre el, le cas échéant d*une ou plusieurs avires charges non conductrices et inertes, ledit diélec-
trique (303} recouvrant un niveau de circuiterie (302) ou une couche métallisée, par mise en oeuvre des étapes consistant a:.a) percer
de part en pan ledit diglectrique {303) sans percer la couche métallisée sous-jacente ou Je nivean de circuiterie (302) sous-jacent, de
fagon & former une ou plusieurs microtraversées (304} aux emplacements souhaitées; b) former, par métailisation, des pistes §312).
pastilles {313), et microtraversées mélalliques (311) & la surface du di€lecirique (314) et des microlraversées (304), avec mise en
oevvre d'une protection sélective par dépdt d'une couche protecirice. )
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NO, Nz, PL, PT, RO RU, SD, SE, SG SI, SK, SL, TJ, TM T& TT, TZ, UA
Uug Us, UZ, VN, YU, ZA ZW (84) Designated states (regional): ARl PO Patent
(GH GV KEpiogesWio rg'anc asazlr-%lﬂig rlgﬁﬁésb@ﬁﬁua@i@t ( AM

AZ, BY, KG Kz, M, RU, , TM,” European Patent (AT, BE

ES, Ff, FR ©Buck3R, pdds Ia'f;d hﬂcrbﬁ;haNLan@TthSE;sa' Rf AR pRacess (BF, BJ,

CF, CG d, 1D,. TG i shed: Wth
the Internati ona%@"e%%éﬁiﬁn%f%wj@%(’%ﬁ‘g rc'tq‘?etsp)éﬂ{(?typrovi ded for
amendi ng t he nﬁilat'.:.rﬁ!-:afyé’! lnlod%qerseaabhhéhsdhiéhsmte@fmmmsar@ received.

For an explanation of the two-letter Codes and the other abbreviations,
reference is made to the explanations ("Cuidance Notes on Codes and

Abbrevi ations") at th egl nni ular edition of th

Gosette. (57 hori g B ARt N Ahad it A HE A SR80 6 de
real i sation gy %(ﬁﬁé%tﬁllrﬁ:&%ﬁé@mtcﬂ@ﬁr masitdd l£sigfh mcr otra-
vers6e s conductrice s, A la surface superieure un diele ctrique (303)
constitu - d' imegmatice ¢emtiimerand danpcionipas e suleeptiidligadkdnduire one
nbtal | i sation ulterieure et, le cas echda ni d une ou plusieurs aut res
charges non P%&h Cfr“?]c%rso “% nertes, ledit d iElec- trique (303)
recouvrant un niveau G Ghet @bn@egaoaf fHe UNEvERUICHE Relealtldrs 6€. par

m se en oeuvre des G6tapes consis tant a: a) percer de part en part fedit
di 6l ectriqu “enl(mlésﬁhslq)eﬁéterﬁﬂ@ctdutﬁ@%t@qﬁ%@@mrj% cente on le
niveau de circuiterie +Ane ou pl usi eur

a f.orne
s microuaverdies'q ?R)]Zﬁkg%u re(ﬂbq cemeq_l lCskonu al t\tla%s O{lbe)lefc orner, par
nbtallisati onayeld_es pl ates (312),

WD 02/ 11503 Al (81) Designated states (national): AE, ?@, Bélnusélyl BM 5 AU

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.




pastilles (313), el mcrotravcrs6es netalliques (311 Jia%u%‘iryf 3¢@ sdu
dielectrique (314) et des mcx otraversies (304), aver mce en- oeuvre
dune protection selective par dé6p8t d'une couche pmectrice . 27 January
2005 1 Process for producing a circuitry conprising conducting tracks,
pads and m crovias and the use of this process for the production of
printed circuits and of multilayer nodules having a high integration
density The invention relates to.an i rovedaet)rocess f or, produci ng an

i nter connect circui t r V' HRAHE 2 Hiigh PHIRSHT 41 DH TeriSiqSt 39 conpri si ng

conducti ng tA@6kss on RRESL 1N GndE LT OV ASrs W e T cntext of the
invention, the term "mcrovias" 1is understood to nean m croconnecti ons

passi ng ri ghtulsirough arhk tinidkeneds ofndentetleiotg imhedanegra, Whdii n t he
el ectronics field, there is a_ trend to ds optinmum proglr.fct
G of speed.

m ni at uri zatTon-AntfY tondt it S SHEH Y PeHTor 9 ¢

These trendgyaferaceent uated by the growi ng use of surface- nounted
conmponents such as BGA/ CGA, CSP or other flip- chip conponents. Integration
densi fication is desiréabiteédmn emtadsienadithensitdrs priyotass wfarthexi al direction

o obtain a HONTTEYbrS S TP PRE FIo oGP A% T i rocti on
by bringi ng fvefar fdder: tyiagks ARt RAES HI0s0N HeRINRIre Abenbodi ment  of
the process of the invention neets these requirenments by producing a
"fine |ine" M8tallitziyng Haractiars zagdsy andhdkcaarks by reducing the

number c¢f steps.

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




intertrack widths of |less than 100 m and hole or via db@n%%%ﬁ%rgfzb%%s t han
«100 pm 27 January 2005 2 Moreover, this process ensures excellent =
~.adhesion of the metal layers to the dielectric substrate.and limts the
under et chi ng phenonena, that is to say it prevents non-uniform etching at
the mcrovias. Another enbodi nent of t@e process of the inventionis
furthernore econom cally advantageous in so far as it sinplifies the

Coverall procselyferd One BRI NI ddimiNiAL: RREBIARA kReks by reduci ng

the nunber of steps. .According to one of its enbodinenfs, the I nvention

provides a process for- foufding Ang 9 JREkiiaignank! r-eduhekgg or
mcrovias in a dielectric covering a first -circuitry level or a first

metal i zed $wyRice WHiHwWeraiit i3aTEGR Genhe13g BefingStaeriedi bty | evel or
‘to the said first netallized | ayer. A convention process in the prior art -

consi sts in lparinmergsiot irheirs wedes sicdntdbnt b€ af ekkanbog waltpus steps: --

-etching and possibly oxidizing a netallized | ayer supported by a _

di el ectrisc (RELC tler ramigermriton poseibilynpedng orrmbed outrbyias in the

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

- oxidized; - E@piindronn amwouscecinsarnent bypadkediunngadtld pickling

.'(9r stripping) in Ord%reh%ctrolessly metallizing the resulting
activated surface, the microvias aiso being metallized
during this operation; |

10 . - possibly reinforcing the metal layer
obtained by subsequent electrolytic metallization;

- drying and brushing the resulting surface;
- coating the part forming the interconnect .
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




27 January 2005 3 pronote the subsequent bonding of nmebal paLLLG €8ps-
sensitizing and activating the resulting surface, the sensitization
generally being carried out by imersion in an acid solution of a stannous
salt; 5 and the activation possibly beithg carried out by dipping in an
-aqueous solution of a palladiumsalt; - electrolessly netallizing the
resulting activated surface, the mcrovias also being netallized .during

this operatiofpldBeddi POSEhd! yréeisd cseimg dheonetdlol ByerstLhe ai ned by
subsequent electrolytic netallization; - drying and brushing the resulting
surface; --stwalangtd hehqse tdéornimeg tdisovert exgurmiectly ciocuiiey with a
protective layer; then - etching the unprotected netal. EP 82 094 al so
descri bes a Ri¥ipbs¢ el roebss Bbingetbasi zing plastic substrates in which

an electrically insulating. subsirate is.firstly formed, by, combining a
polymer resin with cop%uelfp oxslla%gfpya’rﬁ ?ejs?veibt?%serpaa‘fe Ideeavs 13 oenggbaof t he
cuprous oxi ?r@é%@rélicﬁwiﬂftﬁ ir50d fod@sd dt 4 S(Heduesd daidreiad | i ¢ copper, and
then the -desired netal |ayer is deposited, the said process being

especi al | y ChheBRTERT zeel ive thrpidhe Fedird ion the swifade ©opper is

carried out cti 0 q? dride and in . that .it,conprises
nei t her an (g%:/ %%Cgtfﬁo% S eg&h%r&gr%%nsi iyzpa Cf&(;unClsrf%pl.ntﬁ'Per%taebdri cation of
i nterconnectcLid@iiidf i®Sinted circuits 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 said 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;




obtained fromthe netallized el ement obtained by 27 Japyarynd@09 4005

i npl ementing the process of EP 82094 involves steps simlar to"those
descri bed above, especially for the purpose of formng blind vias.
Surprisingly, the inventors have devel dped a process allow ng

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 gy t#dayekg Mgkl @se 2 hevi NG & higd d ntegratd on density.
This process, apart fromits ease of inplenentation, has the advantages of
solidly anchoring the magpesnd antdwovisas facectod dhefach edecthd ¢ and of
optimally mniaturizing the mcrovias. In one aspect, the process of the
invention makes it possebretibc prvdurie Wre imtarcoreciidl ridwd tuge

conpri sing conducting t acks,_ggds and mcrovias, on ¢the upper surface of

a dielectric consistirfy o¥eLECHoTyRICTRATISH Bf PRI Tafabl e of

i nduci ng subsequent i.zat and, where appropriate, of one or nore
ot her, non-conductinggﬁéyéé&éﬁéci%X?%ﬁs, the said dielectric covering a

circuitry level or a 7wiadiiaedt tyemaPibd MBI Ng, the stieps
consisting in: ﬁ% drilling right through the said dielectric wthout
drilling thesdibjsEdding dewsirsi 2ad/payeereritheo S utitaeamlsciofcuitry | evel

~so as to forﬂpﬁgrtwése JH C(Eeof‘/ii,r?esd %arttgle Tqﬁ?si,r %ge‘éaq.c%gaocr]css-,
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




27 January 2005 5 B) forming, by netallization, netal tyacks, ,MRA%$and
.mcrovias on the surface of the dielectric and of the mcrovias with the
use of selective protection by deposition of a protective |ayer. The
circuitries may be obtained by stacking and drilling |ayers and/or

- deposits of materials of various types:on defined parts. Thus, netal
tracks, pads and mcrovias may be formed which are separated in places

-~ and supportqﬁém@éégggwﬁﬂgcﬂﬂ&%ﬁgﬁﬁ%cﬁrggﬁggkggk%apgg§g g?d nicrovins may

forman -interconnect circuitr e"circurtry parts

posi tioned Huidigicd Wil Unt2 nfdit@h8GLELon TheY 2B 980 RLI Y in the form

~of thin lines. The circuitries according to an enbodinent of the invention

may conpri sexsaMe A Gidcuitrdy 1elRuels. 16aeh eireditey Level) ngy gorrespond
to a. nunber of tracks on the surface of a dielectric. The «circuitry

| evel s may hetaigriefedr asepar ated by a layer of dielectric, with, in
. places, netal connections between the |evels. These netal connections

between 6wo or nore Mkeeldedeetedkl mdynberplaasd dhetpadsinayiteprrespond
-to a widening of a netal deposit in the regions where the mcrovias open
out. Such stleyvetluogs onatdekmewnalidzetiodayski ihetligunidhfommt. According to
anot her enbodi nent of the invention, the tracks, pads and m crovias are
“f or med undergoing subsequent solidification. It 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 layer (RCC); The two-layer laminated product is
:applied to the circuitry level or to the metallized
15  layer so that the side containing the compound 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




- The dielectric may be placed on the circuitry level or on the netallized.

"on the upper surface of a 27 january 2005 diel ectric. whjch _contai
conpound capabl e of inducing subsequent netallization. T%§'3?53£2$¥?%
-covers a circuitry level (a lower circuitry level) or a netallized layer. 5

layer in liquid form undergoing subsequent solidification. It may ‘al so be
.applied in the formof a solid |am natefl product. In the latter case, it
is possible to use-a two-layer 10 | aminated product conpri-sing on one side
a layer of theppeaid pislieqty i thorbaidiictdngheieenpAsndegapabl enef
- inducing subsequent netallization and on the other side a ,netal |ayer

" (RCO). The tswppanter dhdms matyed fproduampile, apphhedntecthenemoabdsédy | evel

or to the netallized 15 layer so that the side containing the conpound
capabl e of Jinslidtigics metegquedt ometalcbmpatsiba maversalhe circuitry |evel
or the nmetallized layer, and the nmetal layer is renoved fromthe | am nated
product, forconwsrdrgingloyinetdli Ageldhes, paidredecirteitar fMertien 20
- obt ai ned_whi ch makes the peel force of the netal deposits (tracks and
pads) whPch W@y P&y néQ@rt RERBBAS, paft FEBPAFLS hee®d dRis technique is
often called "ful etching”. The circuitry |evel covered by the dielectric:
- 25 may itsaqPQﬁ¥é%%ﬁﬁcg&ggﬁsa proBB¥sbgceofdrhECERLE NE i Rention. It may
- also be produc dd%pcordi g %o anot her Qrgcess. For_exanple, it may be a

< printed circdiFHESFr "§Png o8 oF OXBFe  t8YBP s°Bn? PFIRYT d or flexible 27

January 200§mpregnated with dielectric resin. The presence 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.




"7 . support, possibly with conducting vias. As regards bﬁedai%ﬁggrbﬂoghis
may, for exanple, be an injection-nmoulded insulating materia ra

. conposite material = conventional in the field of printed circuits. Mention
5 may be made, for exanple, of supports based on epoxy/glass fibres. It
“may.be a dielectric which includes a, web of non-woven fibres or a paper
inpregnated with dielectric resin. The gresence.of the web of fibres or of
t he paper ensures good uniformty 10 of the thermal expansion coefficients
(TECs). Particul arly afaiaga0usios demsRPElriks BetWBBnC@pSi sting of
. non-woven aramd (a commercial aromatic polyanide) fibres preinpregnated
With an epoxand r&sidymWahl Bepebyi Btdelrbstheen Y6tdna 4 eptniaf these 15
-resins. Better still, these aramd fibres (which are preferably
“meta-aram d fibres, pdita-shoatid bid podsited autnitkaur ehef csnchitrbees) are
prei npregnated with a functionalized polyam deimde resin (functionalized
-wi th heat - crastsainadliie tdiee proale seniacsprdikigs t20thentniventfipranépn nay be
achieved with double bonds or with ral ei m de groups such as those. ‘defined
in patent Bre PIIIBIEES oy dUS HrobptyoGidagvant ageously, the web conprises
35 to 60% by weight, preferably from44 to 55% by wei ght and better stil
from40 to 50% by 25 WBirgRg, step &lanphe 4790BgtRerght, dbildedl ectric

resin. By way .of exanple, the thickness of the web  varies between 10 and
70 pm prefé@%ﬁﬂﬁlﬁiﬁﬂﬁ@%nsfSaénao %QémpHPSnBrb@PFErm%?¥?Yl%%t%Een.20 and

40 pm 27 Jauary. 2003 12982802 it RoALAATET: ny ALhES RS YESD, 10
| 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 diameters 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




“and 50 g/rﬁz and better still between 15 and 40 g/n2. It 1 iznt ed |
out that the circuitries obtained by the process accor iggH?%I?ﬁéB%5 .
-.invention my 5. be produced on one or both sides. During step A), the

~dielectric is drilled right through so as to formone or nore mcrovias at

the desired locations, without drilling the subjacent circuitry level or
the subjacent nmetallized | ayer. The 10 gicrovias are subsequently
nmetallized so as to nake connections through the dielectric. The drilling

may be carriggh %bjhmeemét@la!ﬂa&erbﬁn@ FIFRORE 'a%?'eéddiﬁfohéiter _
techni que being nmuch preferred in“so far as it results 15 in substantially

smal | er m cray s tiae iR iR cedlda@¥l, N@heBhikedly 18y8Renodrbéihgg rates.
Anong ‘the | asers that can be used, nmention may be nmade of YAG [asers, CO2
| asers, contEtEERAGHG0Zhd &9r $anad. eXoé ndéril hiey sspdedesBSathesidd,l ed in
~the art 20 will easily know how to sel ect the appropriate | aser depending
on the diel etger, twhiwh drs IgredteYethaspebioal ofatt ¥AGI basbas absbhe paid to
the final drilling step, given that the subjacent nmetallized | ayer or the.
-subjacenf cimakss rophisevislilhisly techniguet perti2slArDEP | aser operating at
‘wavel engths of 9300 nmto 10600 nmis particularly preferred for :

i npl enent i n@9taA-3gLAUF-so far as it allows the dielectric to be
selectively drilled wi_thout touching 27 January 2005 9  the subjacent et al
| ayer and without any®ad@® ilg8sr igdibsthéft CBEFNGORRcREEEFGULE He net al

| rn in , : . .
aye ot b%segsince it may drill the subjacent metallized layer

and may require precise control of the drilling
10 operation in its final phase.
Preferably, the microvia diameter is greater
than the thickness of the dielectric.
During 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 protgction, 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.




at tacked by fhe Ciﬁ | aser. The drilling speed of the CG2 JB%EQEXWEb%@ IS

" greater than that of a YAG |aser, also 5 makes this drilling technique
‘particularly advantageous. A YAG laser is in this case nore difficult to
use since it may drill the subjacent netallized |ayer and nay require
precise control of the drilling 10 operation in its final phase. '

~ Preferably, the mcrovia dianeter is grigater than the thickness of the
dielectric. During step B), netal tracks, pads and mcrovias are forned,
‘by metal lizafPBhaYBA Vhélshefesplaimedfin methiel ebatér. and of the

m crovias. To do this, _selective protection is enployed, by deposition of a
‘protective layer. The ptBReBLeBaY ottkhignpnmnise sevamicotepsts with

sel ective prgtectign €a%éicu%arl by nmeans of a photosensitive resin, are
known to t hoS8 225 KPFTRAAS roF HEMRYemen tatifn iqauEasPaRshngofiomay be made

of the pattern- rocess and the panel -type processes. In the case of
t he process é%%‘%%"gﬁ?%% ?% %hg‘?e"f‘?f%rﬁqe&%, Wr‘?‘é’t]alxél‘? AARIGIP8E LRe dielectric is
made possi bhg oy ng to the conpound capabl e of inducing 25 subsequent

metal |ization, and possibly to .a suitable treatnment prior to the

Sublayer " caphbl 6 of B g AET EeqNEORETE S PBARAgoBuCh a 27 January
2005 10 "sublgaigdi g | durhe gt iRl delBhl AL 1 SLEReBl ARy 1 Lsel |
nprise several steps. everal methods of i nplenmentation corresponding to
in the form of particles of a metal oxide chosen from
Cu, Co, Cr, Cd, Ni, Pb, Sb and Sn oxides and‘mixﬁures
10 thereof. Particles of cuprous oxide Cu,0 are most
particularly preferred. With regard to the metal oxide
used, this must bé 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




sequences of different steps will be explained in detaid . W to
the conpound capabl e of i nducing subsequent netallizaﬁim{g%%ﬁggggﬁﬁp
-preferably in the formof,particles of a nmetal oxide chosen from Cu, Co,
Cr, Cd, N, Pb, Sb and Sn oxides and m xtures 10 thereof. Particles of
cuprous oxide Cu20 are nost particularly preferred. Wth regard to the
‘nmetal oxide wused, this nust be in .thgijformof small-sized particles; the
particle size is generally between 0.1 and 5 pm The presence of netal

“oxi de parti chebyarmtddianikiesli el@stitics, deggasaphbhest her mal expansi on
coefficient isotropically, while at the sane tinme favouring heat _
_transfer. 20pdheswhshpiciexd ayaiphengfl eneduweiidessupsggaeatalsgtal |ization may
~al so be an organonetal lic conpound. Wth regard to the polynmer matrix, this
“is a diel ectluaro tiatynesr ,0 g hianiics pellgoteris¢ apby yhiyvdeotainag. The nature
of this material is not critical according-to the invention. Preferably,

it is a'therhoptastne palides,, reolyslkydemsseowtidag,rééhaaor a bl end of such
constituents. As exanpl es of thernoplastic polynmers, nention nmay be nade
of pol ymer s ilywetihianescomptivgiatgd pollyssérras, paFyomayssOT pdl yst yr enes,
pol yam des .and 27 January 20Q5 11 pol yani dei nmi des, acrylics, _

pol ysul phondsteng @, &Ssis #dymegsl-yphenyl ene oxi des, pol yacetals, fluoro

~polymers, parabanic g ¥BiS, RALYI¥I80L2h0Sresins are of the type

comprising phenolic prepoiymers, unsaturated
polyesters, epoxides, bismaleimide-type polyimides,
10 reactive polyamideimides, . triazines, cyénate esters or
a blend of these resins. |
Examples of polyolefin resins are
polyethylene, polypiopylene 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



“linear polyinides, polyalkylene oxides, linear 5 polyurethanes, satysat ed
pol yesters, elastoners or a blend of these polyners. Suitable
“.thernosetting resins are of the type conprising phenolic prepolyners,
unsat urated polyesters, epoxides, bisnaleimde -type polyimdes, 10
reacti ve pol yam dei m des, ,triazines, cyanate esters or a blend of these
resins. 15 Exanpl es of polyol efin resips are polyethylene, polypropylene
and et hyl ene- propyl ene copolyners. Vinyl resins are polyvinyl chloride,

'.polyvinylidgﬂﬁmpﬁmgrbéqgﬁegiEEEYBﬁn6th@th@€ﬁyﬁéﬁe EOPObYPBE St e POl ystyrene
. resins are illustrated by polystyrene, styrene-butadi ene copol yners,

. styrene 20 agreH Qnis-pirbpatep@bymBEs1aadpatyheacobut adi ene- acrylonitrile
copol yners. As pol yam de polynmers, nmention nay be nmade of
pol yhexanet hyl eneadi pgatdeateyl poigeb}rerpobyam o agtahpsicd am (nyl on-6) and
pol yundecanam de 25 (nylon-11). Suitable acrylic polyners that can be used
are, for examilysthydeypreghytohetbaephithttatéi oegrol poltywieidanes -and
especi al Iy pol yurethanes resulting 27 January 2005 12 fromthe
pol ynerizat igdiyosfl hexapbthglehe, dflvocynabed polyéstless propanedi ol or

1, 4- but anedi ol . . Sat ur at ed polxesters are, for exanple,
- polycarbonates, polyacetals, polyphenylene oxides,

polyphenylene Sulphides or thermoplastic elastomers.
| The phenolic resins 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
polvalkylene 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‘asiresorcinol, 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.




" pal yethyl ene glycol terephthalate' - or polybutylene 5.glycal .. 2005
terephthalate, fluorinated polyesters, polycarbonates, polyacet tdl §

. pol yphenyl ene -oxi des, . pol yphenyl ene sul phi des or 't hernopl astic el ast oners.
The phenolic resins are, for exanple, the condensates of phenol,

resorcinol, cresol or xylenol 10 with fornmal dehyde or furfural.

Unsaturated pol yesters are products of %he reaction of an unsaturated

di carboxylic acid anhydride, such as nalelc or citraconi c anhydride, with

~a 15 polyal kyl ene gl ycale p%?tﬁé%’mt 22510 RRMinde theShRg1FERE LORagRY bE

nmade of the products fromthe reaction of 1-chloro- 2, 3- epoxyprop ne or

1,-2, 3, 4- di epaxpiuranshaMdh rdirephenelr éle@&f@cﬁﬁlﬁthﬁéumbeﬂﬁ , such as
‘resorci nol, hydroqui none or 1, 5-di hydroxynapht hal ene el astoners,

mention may fl e ofhital Wral coableyetletinertubbaes, tiel bpengsing
-pol. yur et hanes. As suitable fluoro polyners, nention nmay be nmade of
'polytetraflLmunﬁﬂﬁmdnsubﬁuumep@tpwEB¢Ibdemhe fihwentden. 2Bh&yehetabsy, the
polymer matrix is a .thernosetting resin of the polyinmde or epoxide type
or el seba thwimopicisty Cigdleyserandf atrke fokyemeupial déormgpefr@d January
2005 13 The polymer matrix formng the dielectric may contain one or nore
ot her el ect rdimplley fidpngisat iofgmineral or organic nature, the length
‘ -of which does not in general exceed 10 mm, especially
such as asbestos 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
hicrospheres. The particle siie of the fillers is
7 chosen sa as to be compatible with the application by
deposition of the polymér.matrix.
The dielectric may also contain calcium
20 * carbonate particles. These particles are capable of
creating roughness on the surface of the dielectric by
.being dissolved by acid etching.
Preferably, the thickness of the dielectric
does not exceed 100 pm. Advantageously, the dieleatric
- 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




“fillers, which are conpletely inert under the operatin%7c%gghgi9n§0%% t he
process of the invention. They act as 5 reinforcing fillers and are, for

-~ exanple, formed from sinple fibres, of mneral or organic nature, the
fength of which does not in general exceed 10 mm especially such as
ashestos fibres or ceramc fibres, or preferably glass fibres, or else
they are reinforcing 10 materials of gggat Iength: yarns, wovens, nonwovens
~or knits. OGher reinforcing fillers consist of particles of mneral or
~organi ¢ nat W nRHE atndlichdnt a¥2bYDIeAUM S UhBREdec ahumiA8s, Sisica and 15
pol ytetrafl uoroethyl ene particles, or glass mcrospheres. The particle
size of the fidhempri-TortiRI8AgSEia3ek) BeneawBREhbebwohd k&g @pplication
by deposition' .o.f the polynmér matrix. The dielectric may al so contain
cal cium 20" a9t dnpdfgnelted. wihBsaipaetteliesrasencapnadl e of creating
roughness on the surface of the dielectric by being dissolved by acid
etching. Prefrevsaticg, oft het Biadkinesd ehsthesdbekeetrrunifdoestnodf exceed 100
pm Advant ageously, the dielectric 25 layer has a thickness of between 10
and 70 ph , bdtet dhegmalll ekpansénnlsoahdisfephs BECexanpithdet ween 20 and

40 pm . According to one particularly ﬁreferred 27 January 2005 14 nethod
of i npl ementigmagFinghé&hgi ebdditiycofnthadéselastrinete henlaggiucti ng
filler, a nonwoven fibrous web or a paper, inpregnated with dielectric

Incorﬁorating such a filier into tﬁe
dielectric also makes it possible to feduce the
10 thickness of thé dielectric layer and theréfore to
further improve the miniaturization.
_According to a first method of
impleﬁéntation; fhe 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 ofrthese resins.
Bettef still, these aramid fibres (which are preferably

20 meta-aramid fibres, pa:a—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 obtainéd 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




presence of the said web ensures better uniformty of t I
expansi on coefficients (TECs), without inpairing the ag?IFF%U%P§{%305
"dielectric to be laser- ablated. Incorporating such a filler into the
dielectric also makes it possible to reduce the 10 thickness of the
dielectric layer and therefore to further inprove the mniaturization.
“According to a first nmethod of inplenentation, the said filler is a paper
as described in FR 2 685 363 or US 5 431 782. 15 Particularly

advant ageousPyeleRETEF| F@FiRs a web consisting of nonwoven aranid fibres

' (commercial aromatic golyanide fibres) preinpregnated with an epoxy
resin, a polyimnde rest?r of*&Blendthf HHegangss ik thepatatevagtiels| |, t hese

aram d fi br'eﬁ?gwhi ch (?re cgr erably 20 neta-aramid fibres, para-aramd
fibres or a REXYGPR bY 2RACH iy &5° Breibgireitatled aRd 0 pm

‘functionaliz m deiyg de resin uncfignalized with heat-
crosSIinkablgg%HQ%#%% % }f%§beﬁWﬁ%Pf &1 i"%ti on maybe obtained with
doubl e bands or nal ei m de ' as _defined_in.patent EP 0.336 856 or US
206277900 Advant ageorisl LI et £ R RE S YRy R d . o
preferably fgom <4 H5%. Lght ;a ercstilidl 40f 40 to 50% by

- wei ght, for exanpléL2$¢6byQ%g?SE?}&%fBgyggg%ug?ygééogolé?@?électric-resin.

L ST, et v 1S IR i el A c bR 0 agtedoner
metallization 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 (electroless) metallization
is a known technique, which is described in

25 “Encyclbpedia of Polyméf Science and Technology, 1968,
Vol. -8, 658-61".

Likewise, the electrolytic metallization,

(with a current) is a conventional technigue also




51n geheral, its.grannage vari es. between 10 and. 5029/ Rn Rkt epesti |
d

‘between 15 and 40 g/ n2. The tracks, pads and mcrovias are forned by
-metallization in step B) over all or part of non- protected surfaces of the

dielectric, either before the 10 protective |ayer has been applied or after

certain parts of the latter have been renpved. The netallization may be
carried out electrochemically (electrqlgessly) and/or electrolytically
(with-a current). The latter. process is nore particularly 15 preferred as
it is nore réagdckided addiBneyclicbeddy b€ PoanmbedsSetents aThduABRYj um

t hereby preventing the photosensitive layers fromswelling and thus

_inproving thre posit63ni ng precision for the various irradiation and

devel opnent. steps and inproving the reliability and 20 | ongevity of the
circuitries. For electAcsiopdiog met al periticosarlyi prafieancdgeetsodo operate
with increasing current. The netal is preferably copper. Electrocheni cal

(el ectrol esHf rgrdlgmerdingn thes iavensieny ethfi Babalhhrehies, described in 25

. "Encycl opedi a of Pol yner Science and Technol o

. y, 1968, Vol :8, 658-61".
Li kewi se? t HSRR&d EeFtrocherarpilz ati 6ASCLERLYRiG, cLf reppyineed

conventional technique also 27 January 2005 16 described in "Encycl opedi a
of Pol ymer §EF€§C@'%Fﬁéinzfyerpéévﬁﬁg-63thlﬁ ReFEi A 2 edrtFcularly
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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




until a nmetal |ayer haV|ng a thlckness of at least 5 refera

t hi ckness of between 10 and 20 pm is obtained. Step gl&%ﬁ%ﬁ% 90%5
--advant ageously before the 10 nmetallization, a step.of formng a sublayer
tapable of. being netallized. Such a sublayer is fornmed on the entire
~surface of the dielectric, -or on exposed parts of the dielectric with

~sel ective protection of the other par{$. Depending on the case, the
subl ayers 15 formed are continuous or discontinuous and may or nmay not be
directly suidsidat aritel eClcahittiion ofehakkilzabiEoa. nEbleheediher hand, they
are always suitable for electrochemical netallization. In this case, the
el ect r ochemeakdepad tiedhgofredricald by 28idatphysedley.the sublayer, and
the netallization is equivalent to that using palladiumor platinum Two
et hods of .producti onDugringbtthiisi sgep, sthemydayezpabbe bé Ibedwghtnetal i zed
~are preferred. According to a first nethod of producing the 25 subl ayer,

t he conpoundrdapaiprgast Mn&@cth@-SQ&BE@QDenThengﬁﬁtﬁrzb@$dﬂo|s chosen from
t he abovenentioned netal oxides and the_sublayer is formed by  bringing the
di el ectrBc orsafudossdipar 08 Gheﬁﬁeoéhéreé@Yﬁésrn?%u§7 3 aFRRFISVES 17
contact with a _solution of a salt of a noble netal apabl e of _ bei ng
reduced by é%#ﬂéyﬁg}PlcF§§ nBHPPnEeFﬁFsl§t§%rm% het F%ge?§p ¥%8A be brought

t tact_with th The latrer h 5_useful_act th
ot hor | ayer SURFRTE, OF EBR FAROs LoSBET abar OO ERGCERTE WRYAN i€ for med on

.the eXposedthe sublayer is between 10° and 10° @/00 It is preferably
| 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



surface of the first layer. The surface resistivity of 5 | a i's
bet ween 105 and 1035Q " It is preferably |ess than 1&g g%@' %ﬁéégpéoms

- el ectrochem cal 10 netallization to be carried out, preferably with
increasing current. It should be pointed out by way of indication that the
- cohesion.of the sublayer inproves as the concentration of oxide particles
increases. As preferred solutions of neble netal salts, 15 nention may be-
made of Au, Ag, Rh, Pd, Cs, Ir and Pt Salt solutions with a counterion ,
chosen fromp{lie nd¥ and (HREPOve HhEcLABHAGY PInRiAGERSLtHBYn DE carried
out by dipping into the' solution, by spraying or by the passage of a

rol ler. The solditdAmtAlon)OHe MRbgbisaltitBOakerin gengraifaehdic, with a pH
of between 0.5 and 3.5, preferably between. 1.5 and 2.5. The-pH may be
control | ed bssaddilageaciod phbiteseheatiest resiaceongrghsntdbciher more nakes
it possible tolimt the swelling of the resin |ayers, which takes place

i n 25 basi c dadiomateExeeitlieitesdeThakt kdnsand makek| éntpopsalnbs ity are
therefore obtained using this first nethod of producing the circuitries.

't shoul 8 beinarerisieotde trivaghheest péathensunfabeanthei dakolwti on of 27
~January 2005 18 noble netal salts. nay be preceded by rinsing with an
~aci d sol uti crarbogetex aapgitdclieshpraesent aei thei surfecefbesng| ayer of

phot osensitive resin contains cal cium carbonate particles. This rinsing
makes it poskissodved: PREr thve tRelFBHEKRCERE ctdRPRicyPhCE® t he cal cium
carbonate particles present on the surface being dissolved, and thus to

i nprove t he M§Hies PEROSE tohe

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,,




metal deposits. For the first nmethod of formng a subl tal
‘oxi de particles are preferably chosen from MO N O anu(]il(_)rg% 59% are
-preferably contained in the first layer in an anpunt of 2.5 900 by wei ght,
even nore.preferably in an anobunt of 10 to 30% The preferred netal oxide
i's cuprous oxide Cu20 15 Advantageously, the solution contains at |east
10-5 nol /1, preferably between 0.0005.a8d 0.005 nol/I, of noble netal

salt. A continuous sublayer of noble netal having.a thickness of |ess than

1 pmis obtaymd, ptheosubliayerandtpi EOCEXUNt anaxcetrenporii@rm ty, 20
t hereby i nproving the quality of the connections obtained after

met al | i zat | crompByexwesy safchs alst Sakhat , caVHHePdSed, (NintPdDlgymmy be made of
AuBr3 (HAuBr4), AuCl3 (HAuCl4) or Au2Cl6i silver acetate, silver
benzoat e, -A@Bd@&,— anigyQRAMLAgOCN, AgNG3, Ag2SM4, RuCl4.5H20 25 RhC13 .
H20, Rh(NO3)2-2H20, Rh2 (SO4) 3.4H20, Pd (CH3COO )  2; Rh2(304)312H20, Rh2
(S™) 3.15H20 PdCleI‘hEdSL@lathE@ oPd&tﬁQdeSCnar‘leaJPw (WH3ICO0) 2,

GsCl 4r OsC 31 OsC13. 3H20, Gsl41 IrBr3. 4H20, Ird 21 IrCd4, 1r2, PtBr4,
"H2Pt C16= 56H23@1itﬁd<:|t@1eéﬁc\taﬁ&aﬁskczmasall@zam@31F¢i¥ %&mlezr 4H20 and Pt
(C0C12) (12, and corresponding conplexes such as NaAuCl4, (NH4)2PdCl4
(NH4) 2PdCl 6 £1eCkFpdEtéc RRGAKAGEIBION THELR UBF ayRFISRT I HI S far ti cul ar | y

-well- 5 suited to eI e%;trolytlc netal lization. For exanple, electrolytic
metal |i zati §F¥wPfhY ncreasing current may be used. The formation of the

sublayer within the . rormation of the sublayer within the

context of the first method may especially comprise the
10 following operations: |
-  -exposure of the metal oxide particles contained in
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'




context of the first method may especially conprise the- 1 f I£§m@dg%
- operations: - exposure of the nmetal oxide particles. contained i'n the
~first layer of resin of the dielectric. This operation is preferably
‘carried out by alkaline etching (for exanple using a sodi um hydr oxi de or
15 pot assi um hydroxi de solution in aqueous/al coholic nedium) and then
rinsing with water, possibly in an ultz@sonic bath, so as to renove the
- oxide- particles exposed; - if the dielectric contains inert fillers, such
~as 20 cal cium caPB6Rage &ibarriertbe comtimestkomexe tistightly rough by
‘acid etching. This operation is preferably separate fromthe operation of

. forming the netaPXitBragerrederinion reaohtomudthe netvdr sdbl ayer of nobl e

nmetal 25 by contact%g& wi th an aqueous, acid solution of a noble netal
'lil

salt. By way of ifOFELEYORS #% LM% ef H&erﬁﬁﬁqjorﬁé@%ﬁartqiéﬂﬁ?olz?ygr ,
obtai ned i s general a npnoatom ¢, |ayer, since the noble netal, anuary
2005 20 actg as 5?%%???e¥9?§)Q%wé%?ﬁéﬁ%?ﬂPQﬁ'? © A Fati®eTtr dduct i on
retease bns by ieatdrn ook S HRE Sin S e ot IS Rlveoresaram i th
.the.noble netal s gg#pi « B i . jch.is site t hus
filling the inte?%%%fﬁlc € @%gg%gFi&ﬁgﬁﬁgggﬁggntPgSa%ﬁaﬁﬁgg Fe effective

and economi ¢ the {mre-Godnad the A0UaLs okl prtal .83l {,gedi um  For

thi s reason, :
more effective and economic the more confined the-

acueous noble metal salt medium. For this reason,
10 it is preferréd 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
reactioﬁ then takes place in the agqueous solution
15 layer entrained with the object.

According to a second method of producing the
sublayer, the compound éapable 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 thé dielectric, the [lacunal
resistivity Qf-which is between 0.01 and 10%° /0.

For this method of implementation, the

proportions of the constituents of the dielectric




10-it is preferred to carry out the reaction in a thi is to
say by imersion in the solution containing the nobleeﬁéﬁ%ﬁléﬁh?%bggd to
‘renove it. as soon as possible afterwards. The reaction then takes place
i'n the aqueous solution 15 layer entrained with the object. According to a
second nethod of produci.ng the sublayer, the conpound capabl e of inducing
subsequent netalllzatlon consists of particles of a netal oxide chosen
-~ fromcCu, Co, C, Cd, NN, Pb and Sb oxi des and-20 m xtures thereof, the
-sublayer belmgccimzmgmxbtnhe:gﬂqsgnurupuﬂdtumn pa@tpabfbhebdyelectrlc to the
"reducing action of a suitable reducing agent so as to obtain a netal
subl ayer coverosen ite g thedmican tile frldoodings 1imj tsedespressdahgt he net al
oxi de particles on 25 the exposed surface of the dielectric, the [lacuna]
resi stivity B2e Reedenmgs e aeiaht afneart@fotbe crostikhentst hod of
|nplenentat|on t he proportions of the constituents of the dielectric 27
- January ZOOSIQ%.%R§§ﬁ§ﬁ§@§=to the pr esent invention are preferably chosen

~to be between the following Ii ts (expre - the ercentage by wei ght of
each of %’he consti t uent \SACQ% é 's &8 P&F@j t§209 6’ 98% mBEaterably 25
to 90% of net %%r r.ef er abl us oxide; - fromO to 50% of one
or nore ot he‘?‘xa%?’l & r]TY EH&’&P)GIS %‘gﬁuctl on-conditions; and - from 10
to 90% preferably fran}%nF% %%%%0%1gfogngob¥nﬁgrée§£ﬂer fillers
 inert under the reductioniconditions; 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




As a variant, the dielectric consists of: - |ess than %. ' of
met al oxide, preferably cuprous oxide;, - 0 to 50% by %i%ﬁﬁa\gﬁ) i%?tgrSt
- non-conducting 15 filler(s); and - from 10 to 90% preferably from 10, to
75% by weight of polynmer resin. The surface resistivity that it is
preferable to achieve for the sublayer according to the second 20 nethod
-~ of inplenmentation depends on the naturgsof the dielectric. Wen the B )
dielectric consists of 10 to 90% by wei ght of netal oxide, 0 to 50% by
wei ght of i naitréton- conducting filler(s) and 10 to 90% by wei ght of
pol ynmer 25 resin, the reduction i's advantageously continued until a surface
resistivity of 0.01 tawHdiB @) dielebtaiiwedonBieter alfil yesshehanetégl i zati ons
are produced in this case electrolytically, for exanple with increasing 27
January 2005 weighteraf nWied toxd dei, elletor 50%cbysivetghof oEessethan 10% by
wei ght. of netal oxide, O to 50% by wei ght of inert non-conducting
filler(s) ampProansugvknsy Sidilgh(sof abdpdOy ger 2P&sby, wehahtedfiction is
advant ageously continued until a surface resistivity of greater than 106
QO is 8bt RNeMeITHES R altle, FeCysSigne 15r af¥RrBERYEOBESYUCed in this case
el ectrochem cally. The presence of the said, continyous or 10 di scontinuous
netal subl ayRRtHEE 3 & 9§?sr@FlSFﬁglEﬁbggqﬁEﬁ?tﬁEtEPaHeposit

produged,_qukegyﬁlgg obtained. The metallizations are preferably
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.




conpl etely conpatible therewith.  Mre specifically, this; spyhlauss 2omet her
obt ai ned according to the first nethod or the second 15 nethod, "helps to
-inprove the adhesion of the subsequent netal deposit by preventing any
~break in the electrical conduction at the netallized vias. Before carrying
out the reduction step in order to formthe sublayer, it may prove
necessary 20 beforehand to strip the sgnface of the dielectric so as to
expose the netal oxide particles on the surface. This is especially the
case when all the neta@dcawddieg par b plreFeatedcavened wiEt h the pol yner
matrix. The - stripping treatnent consists either of a chem cal 25 treatnent
- usi ng a chenmmgdlersapzble tife dnvientdg ohihe ther taceppinthéspobynmeedmatri x, - or
of a stripping technique using nechanical neans, such as abrasion,

- brushi'ng, - sandblussiticngeahianliicad oeahisl.i ng. 27 January 2005 . 23 According
‘to a preferred nethod of inplenmenting the invention, the stripping is
carried . out using nedhgiingaltheegpserabipnngft hervpagathensepléyeii ng t he

- subl ayer _ 5 according to the second nethod, when the netal oxide is a
cuprous 8xi FECHGIRY s the e66p8F MmstheducwlenothbhemetayH axide 1% n which
state the copper acts as a catal yst or the nmetal deposition carried out

in step B). A CURTRSSe 9F¥d%n EQPESSTa BnfoBPEELHS . TPEUFRIstRWEEF 10
converted L PG ToLRl s chOBINLETELALALS, ALY, KL OBREL LYt 0
S for the 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 values
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.




hydride will no [onger be nentioned and reference will 2¢ﬂjgyd%13g e to a
metal layer. 15 In order to carry out the reduction, a person killed in
-the art may select any one of the reducing agents capable of reducing
metal oxide to metal oxidation state 0. Cbtaining the desired resistivity
~values 20 during this step.will depend, on the one hand, on the

proportions and on the nature of the Eal oxide within .the polyner
matrix formng the dielectric and, on the other hand, on the extent of the

reducti on perforned, K%H%fﬁi&%ck%lEYPQEfEQ§eHyH@t§Edr8@UCi”9 agent used,

"and 25 on the prior stripping step. The nature of the netal |ayer

deposited ViggdiesndrneRdithe aRvikReibypetft redueing aggﬁt usegd and. on the
nature of the netal oxi'de to be reduced. 27 January 2005 24 According.to a

preferred nmydrahyiriiggl enenting the invention, the reducing agent is.a

bor ohydri de. Hereafter, the action of borohydrides is 5 described nore
specifically when the Hemtealf texi, dehkesaatienpodusooshdéridés?20s is reduced to
“metallic copper by the action of a borohydride. By using this type of
reduci ngSageisscrtibbed @ rcappecidicedlgnwhbe thefmetabfosxhdediglactric is a
continuous or discontinuous netal |ayer of copper. The borohydrides that
can be used dupnowe ogpdigeent invention include substituted borohydrides as

Cu,0 is reduced to metallic copper by the
action.offé 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




wel | as unsubstituted borohydrides. Substituted 15 bor y%@dﬁﬁ%f Bosai ch at
nost three- hydrogen atons of the borohydride ion have been replaced with

- substituents which are inert under the reduction conditions, such as for
exanple with alkyl-radicals,. aryl radicals and al koxy radicals, nay be
-used. 20 Preferably, alkaline bor,ohydrides are used in which the 25

al kal i ne part- consi sts of sodiumor potdssium Typical exanples of
conpounds that are suitable are: sodium borohydride, potassium - :
bor ohydri de, esamplen ah etlhiphporiohyldrwede admebhpdt.assi um tri phenyl bor ohydri de.
The reducing treatnment is carried out sinply by bringing the dielectric
surface into contact Vindferemnts uts @iven ttee Pucedlyydordbydrivater or in a
-mxture of water and.of an inert polar solvent such as, for 27 January
2005 25 exafpletiens alThshaoncaniat iginc golthepeeFedandenssmgivven to purel y
bor ohydride solutions. The concentration of these solutions may vary over
wide 1inits YWY itvsh eideapiyniteansetieretsrgbdy dAgS198EH§SRei ght of -

acti ve i ogen of 15 PRLPRde i Lhe olubi on), The feducing 1 eat ren
a2 TP Sl LA U9 aam et g, [Bh, XAk eabehinen 16 and
0t et S PSRy, A s b Lot of
B 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




~values, for exanple greater than 13, the rate of 15 reductjgn.i$ 9ggceased
so that it may be advantageous to operate in a buffered nmediumso as to

- have a well- defined reduction rate. By varying mainly. the treatnent tine,
it is possible to easily control the extent. of the reduction 20
perfornmed. To obtain a surface resistivity corresponding to the desired
val ues, ‘the treatnent tinme necessary £& generally quite short and,
depending on the anobunts of oxide included in the dielectric, is wusually
- bet ween abouthlmrd deisnstiehand abbal tf{If) eehl@bidenutibskeFOIIRn gi ven
“treatnent tine, it is possible to further vary the reduction rate by -
addi ng varlGﬂﬁﬂradeelmﬁag@mgsedlﬂheChédruﬂe sudhcoppénfIEXanpl e boric acid,
oxalic acid, citric acid, .tartaric acid.or nmetal 27 January 2005 26

chl ori des su&ﬂoégd@@balt(ll) chloride, nickel (11) chloride, manganese(ll)
chloride and copper(Il) .chloride. It is also possible to vary the anount
of 5 borohydride usedtséSadleg Peafiblet he BXFBnELSf2RME T Rfucti on. A

- preferre era thod consists in the substrate to be redUced
into a rgla %yggéggcBﬁ?dbﬁPoﬁﬁdFPdE°§B¥£f'gﬁed%ﬁt?¢ﬁwP£r1Qﬁthdramnng
t he substrate in order _ to_allow the reduction g@ﬁéatlon t.o take place in

air., The arfSHRE LGP bo%oﬁ§8f?5§epoﬁger%ﬁﬁpgd% LY Bh the
vi scosity. F@ﬁﬁggﬁ thih ﬁSEﬁESt%GQSt aﬁ?éuééﬁrﬁﬁfgwa fglééﬁ%éi face to be

"reduced. Th ess a hé™a age of neit contam nating the
initial batQ1EEBu9fb968£98kLhé'Q81h£1on and then in w1thdraw1ng
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




15 The exact and precise conditions of the reduction ‘ﬂﬁﬁﬁadpgy
"are such as those described in EP 82 094. However, it nust ers ood
<that, within the context of the invention, only a surface part of the
dielectric has to be reduced. 20 As a variant, if by reduction of the
copper oxide particles a continuous netallic |ayer of .copper was firstly
deposited on the surface of the dielecprsic, it is possible for there to be
an inter-exchange of netals so as to convert the copper layer into a |ayer
25 of a net ghotemieral hah WeppenP/By oriddat pehrrkduteésonthan ntygherdl , t he
process involves bringing the coppered |ayer into contact wth a suitable.
metal salt, the -eedak pred Jnr tthe oetdilt iton bseidegoshaedt he oxi dation 27
January 2005 27 potential of the Cu20/Cu redox pair be | ess than that of
the redox pair for'thénatdiedl possidléepesiosd ofpssphenepbisgbtbenet hod of
“inplenmenting the sublayer capable of beln% netallized may_be enployed. 5
Accor di ng tosql?ﬁ%yeﬁétqﬁﬂﬁh;{e Oﬁfpllf’@#@ﬁt ited lizge FaNpBantMRapEBfe of

i nduci ng subseq netalllzatlon is an organonetal lic . compound, the-

subl ayer 2beifff 5%65F§€F|ﬁ§ AMPLsmepsAtign  t RS di el ectric to

t he action of Ias r or l.asma .unti er_covering,
- part cul 4 R s S IOHCA e 8 IOBSROP B L HECRRbT AT Lr o7 1 of rod,
this |aser i ‘ b S r t possible
REREe A e e oy et NP
OrganonEtaJldﬁ%é¥ﬂéﬂ'ﬂye%uﬁﬂgﬁﬂﬁngna&ﬂeo}5p39£fSﬁethe dlelectrlc to

the actionlof a laser or of a plasma until 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 surface.

The metallization of ﬁhe sublayers ié carried
outras described above. |
Three preferred mgthods of imﬁlémeﬁtation 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. , 5\




The metal lization of the sublayers is carried out as desqriRed Aboye
"Three preferred nethods of inplenentation for step B) will now'be -

- descri bed. The nethods of 20 inplenentation are illustrated by figures

show ng - schemati c cross-sectional views of the circuitries produced by a
‘process -according to the invention. Figures 1a) to .1g) show the circuitry
at the wvarious. steps in the process agcording to the second 25 nethod of’
inmplementation. Figures.2a) to 2h) show the circuitry at the various steps
in the process accor dimgriresd 32t Ro @i )neikad tofe icipkateniyaktoBhe27 January
2005 28 Figures 3a) to 3i) showthe circuitry at the various steps in. the
process accovattimgud csttdrs fiim sthe prideed sofadoepiddmentat the. fAesording to a
“first method of 5 inplenentation, illustrated in Figures 3a) to 3i), in

-whi ch a suppoeth3dDIlqf aimplramgritagiloevel 302 and the dielectric 303 are

- shown, step B) conprises the steps consisting in: Bl) formng a subl ayer
305 capabl e of bei ng Pramnding redaohiriss sethadeosf the nicrovias 304,

‘and on the surface of the dielectric or of part of_the dielectric, by

- subj ecti g almplemerg@ticsy. tHdusgrates: Anc Figurre paluEPndihcti®dn of a
suitable reducing agent so_as to ohtain a netal _sublayer 15 covering in
particul ar tHEGR & FHERCT thy Oded e FRERULIGHFYt hEVRRt AP2 0%RdetBRrticl es on the

exposed : L ' . I .
P dielectric 303 are shown, step B) comprises the steps

consisting in:
 B1) forming a sublayer 305 capable of being

10 metallized on the surface of the microvias 304,
and on the surface of the dielectric or of part of
the dielectfic, by subjecting all or part of the
dieleétric to the reducing action of a suitable
reducing agent so as to obtain a metal sublayer

i5 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,




surface of the dielectric, the [Lacuna] resistivity of shigh S Jbefpeen
0.01 and 1010 Q' D, B2) producing a circuitry conprising tracks,” pads- 20
-and mcrovias by carrying out a sequence of treatnment steps conprising, in
a suitable order, step (i) . of electrochem cal (electroless) netallization
~and/or electrolytic netallization and step (ii) of selective protection by
25 deposition of a protective layer. Stxgp Bl) corresponds to the formation -
.of a sublayer according to the second nethod of i.nplenentation described

above. This shbtayeppidyridie Jaw arei 2rad wilter & lakprepheatiealbe :
"reinforced with el ectrochem cal and/or electrolytic netallization in order
to obtain a améfat ¢hyetr&DH ioveretdllifattivm direloacteri coanttafint be
mcrovias. 5 Step B2) corresponds to the formation of tracks, pads and

m crovi-as bymehal ubayerf 3§ extdwellpraft adtd oli e atepgesianidorfothea protective
| ayer. This step generally involves a sequence of operations - (i)

nmetal lizati oRL@HAV{E$) sel ective protection by 10 depositing a protective

| ayer on part of the exposed surface of the dielectric. Advantageously, it
also indudes a step S8R BOf crafsRpnGe toubibgy EPrBALERE Ohet al | ayers

capabl e of being netal|ized, The order of inplenmenting.these operations in
15 the sequeﬁﬁ%ékﬁﬂxﬁﬂéf(ﬂ?QIW§Qﬁ9ﬂﬁﬁf e dhe Eﬁﬁv@ﬁt?gﬁﬁFFﬁyethe process is

i mpl ement ed by sel ectl e, nptallization of the citouitry (soggalled
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, the process is implemented by
selective metallization of the circuitry (so-called
“pattern” method} or by metallization of the entire
surface {so-called “panel” method).

20 According to the invention, the method of
protection that can be used is not 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.




“pattern” nethod) or by netallization of the entire suf age (59 &@lgsed
"panel " nmethod). 20 According to the.invention, the nmethod of protection
-that can be used is not critical. For exanple, it-wll be possible to use
a process consisting in (i) depositing a | ayer of photosensitive resin
over the entire surface of the dielectric or of 25 the sublayer, (ii) in
formng an image on the photosensitiveggl ayer by irradiation and then (iii)
in renoving the dissolvabl.-e part of the said | ayer of photosensitive

- resin. 27 January 2005w0 knbia keewnibeeBniguesel pribe prtosrart are

perfectly suitable. The first technique consists Iin depositing a positive
phot osensi t ipeer ferily (spotiablee photoresist) or a negative photosensitive
resin (‘negative photoresist) on the entire surface of the sublayer, which
i s possibly reinforcedhs tiirastmteahnligyer conesakti ng feposstiepgBi), then
subsequently irradiating the |ayer of resin deposited, in a manner known
per se, and Risiiigve phohosgeisdtdveedesask (PaadtivaaPhotonesesolion t he

di ssol vabl e part of the photosensitive resin which, depending on the case,
consi st sOof & REIHIGVEs PRStOSEaSItATPNTPFLAdI(BEEAtLWR oRYRteFRShElsk (positive
phot oresi st) or consists of the unirradiated 15 phofosensitive resin
(negative plB dPssereTRardeesnatt ERRnFHNeaYETt NEREBR cEF I ed LDl (Laser

D.rect Inag%% si%ﬁ%hQEQ%%bEgegh%gghtQemetal layer, resulting from
'step Bl), then subsequently'irradiating‘the layer of
resin deposited, in a manﬁer knoWn pér se, and using a

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

15 'photosénsitive resin (negative photoresist).

.The second technique is the so-called LDI
(Laser Direct Imaging) tecﬁnique 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.




photosensitive resin is exposed directly. This technique igmm@uantageous
~fromthe 20 econonic standpoint since it does not require the use' of a

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

- selectively irradiated, pixel by pixel, by a |aser beam scanning the
surface of the 25 dielectric coated with photosensitive resin. The

di ssol vabl e parts of the resin are thes; renmoved in the same way as in the -
conventional technique, using positive and negative photoresists. 27

January 2005rha81q; Jde1 ¥l pd i@ ieperiat igdtdns a0fsbeRetbs@ceteragd to as
devel opment. I.n order to usé this second technique, two types of |laser are

appropri ate,ddeslsppsd e a laser 5 operating in the infrared (thermal LDI)
and a W laser operating in the 330-370 nm wavel ength range (UV-LDI).

More specifically, stem BRdermytccazpr itdd st Becostiepechahgusat i igoi n: B2a)
coating certain parts of the surface of the 10 dielectric resulting from
step Bl) witypes privtlectdveard approprhietear for368ampd8:t aalaser not covered
corresponding to the regions intended to formthe desired interconnect
circuitry, BMSratiginfior diheg infgagadd (phergajolDddvanddai BV 1&s@ra) with a
conpl ementary netal deposit 310 applied electrochemcally (electrolessly)
and/ or el eReAARIRGIITY ;thszéﬁoeﬁgas NRgWeKelengpBr range a&évowi he
dleIeFtrIC More specifically, step B2) may comprise the
stebs coﬂsisting in:
B2a)_coating certain parts of the surfacé of the
10 dielectric resulting from step Bl) with a pfotective
layer, the parts 309, 308 that are not co?ered
corresponding tp the regions intended to form the
desired interconnect circuitry;
B2b} reinforcing the said parts not covered in
15 Béa)'with a complementary metal deposit 310'applied
electrochemically (electrolessiy) and/or
' electrolytically; |
B2c) exposing the upper surface of the dieleqtric‘
by removing the protective layer deposited in step
20 B2a);
.B24d) subjecting the metal deposited on the
dielectric to differentiél etchihg until Cbmplete
removal,lat those parts of the dielectric which were
exposed in step B2c}, of the continuous copper sublayer
25 formed in step Bl).
- | Step BZ2a) allows_the regions intended to form

the desired interconnect circuitry on the surface of

the dielectric to be selectively reinforced by




'by renovi ng the protective Iayer deposited in step 20 B2a)y .4 §§d
-subjecting the netal deposited on the dielectric to differenti etchlng

- until conplete renoval, at those parts of the dielectric which were

exposed in step B2c), of-the conti nuous copper sublayer 25 forned in step
Bl).. Step B2a) allows the regions intended to form the desired '

i nterconnect circuitry on the surface the dielectric to be selectively’
reinforced by 27 January 2005 32 deposition of a thicker |ayer of

- conducting miiflsiciganekak! XhEéKEEgléyéP' cknessaRtt Alg Ieasd1 3 pm
~Selectivity is:ensured in this step by protecting the future regi ons

cont ai ni Ng NferEr=QUivt hdving ACEREBkAEsEO0cONgL PBEASEUS aim process, step B2a)

conprises the steps consisting in: B2aa) depositing a | ayer 307 of -

phot osensitive resinsetetttifetenisrensurédacenothihesthellegtric, after
treatnment with the reducing agent; 10 B2a 3) formng an inmage on the

phot osensi t ipmoteaydng bhei foadrat regioB2agyntaemovg mp tdveradiistsgt vabl e part
of the said |ayer of photosensitive resin. In step B2b) the non-covered

parts of Sthe 15 prot&ctbydihgyte arne parnioubad pyocesonpt@entary netal

~deposit applied el ectrochenically (electrolessly) and/or electrolytically,
the latter ﬁéﬁﬁo@oﬂérﬁaeﬁntbepéF?P%u¢9ﬁ$yS%#%gePFed ‘The netal reinforcing

| ayer is preferably
B2aa) depositing a layer 307 of photosensitive

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

Vol. 8, 658-61".




' 20 layer of copper, but it should be understood that t e 25 HRvenbhes is
-not limted to this particular enbodi nent. However, it may be énvi saged to
- deposit a layer of various conducting metals, such as a |ayer of nickel,
gold, tin or atin-lead alloy. (Electroless) electrochem cal netallization
.1s a known technique, which is described in "Encycl opedia of Polymer
- Sci ence and Technol ogy, 1968, Vol. 8,3$%$58-61". 27 January 2005 10 15 of
Pol ynmer - Sci ence, [lacuna] 661-63" According to a particularly preferred
- method of inplenmentingkéhese nvebédopolibie mdtedlliizaidion isvket her
el ectrochem cal and/or electrolytic, is continued until a netal |ayer
havi ng a t hicokressiohaat tetmasquéd, nalpo edesahihed irhi ‘Boessl agfediet ween 10
and 20 gm is obtained. 33 Likew se, electrolytic netallization is a
‘convent i onabft @ohmngueScaence debtadled] | G6THEEYcl opedia In step B2c), the
protective layer deposited in B2a) is renoved in a conventional manner
known per se. A persbacekdingdte ra tprriaieulanly argfented agideichg  net hod
to the hgpe of protective |ayer used jn a manner _caonpletely known per se.
Next, irPstef iBRismeRfingetie HPRRFIGY e Metdldigd i i s subjected to
differenti al etching until the dielecfric %&4 I n_the future regions not’
' whether électrochemical and/or electrolytic, is
'continued until a metal layer having a thickness of at
least 5 ﬁm, preferably a thickness of between 10 and
20 ﬁm, is obtained.
10 ' 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 etching
until the dielectric 314 in the futufe regions not
containing any circuitry are exposed to the air, these
regions being covered, at this stage in the process,
20 with a continuous metal layer haviﬁg a surface
resistivity of 0.01 to 10° o/0. buring this step, the
| regions intended to form the Iinterconnect circuitry and
the future regions containing no circuitry are etched
simultaneously. However, the thickness of metal
25 covering the regions intended to form the interconnect
ciréuitry 312 (track), the interconnect circuitry 311

(conducting microvia) and the interconnect circuitry

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




containing any circuitry are exposed to the air, these27r%%h%%§yb@b@@
covered, at this stage in the.process 20 with a continuous netal |ayer

- having a surface resistivity of 0.01 to 103 0/D. During this step, the
regions intended to formthe interconnect circuitry and the future regions
containing no. circuitry are etched simultaneously. However, the thickness

.. of metal 25 covering the regions intendgd to formthe |nterconnect

‘circuitry 312 (track), the interconnect circuitry 311 (conducting
microvia) angdithd Mereamiegt nel ceectiyry313t(padposbebbg gseater than

t hat covering the future 27 January 2005 34 regions containing no
circuitry, 'sdldctipesisi blserip” shkeecbhatehy patrtsphavhegcaasmall parts haV|ng
a small- ‘thickness. The etching is generally carried out until a 5 final:

t hi ckness- ofthigknet=al | ayer of at least 3 pmis obtained. Advantageously,
this thickness is preferably between 5 and 18 pmin the interconnect
circuitry regions, th&heeedichiing feguensrbéligcesnppet eby el B of neta

10 According to a second nmethod of inplenmentati.on, illustrated. in Flgures
la) to 1§) ,finel wihigkngssusgothelnetas apveti pfyatelersuod %OF-% he
dielectric 103 are shown, step B) _conprises the follown g s: 15 bl)
‘formng, on @& idies- e@@ﬁaétf6§°5ﬁayon Phe tﬁiEFB@?ﬁsliOQr r 105 of
phot osensi tive resi ded to rmthe_select] rotectlon this

| ayer not cotR %ﬁnng Qngo oHWdlEaégﬁlén groonnec 'ELEERIEEY :

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




i nduci ng 'subsequent netal lization;. 20 cl) irradiating and geugl.Qpithd he
‘layer of photosensitive resin so as to selectively expose the mcrovias
- (exposed region 106) and certain parts of the dielectric (exposed region
107); dl) forming a sublayer 108 capable of being 25 netallized either by
comng into contact wwth a- solution of a noble netal salt capable of
bei ng reduced by the netal oxide 27 Jaggary 2005 35 particles, or by
~coming into contact with a . reduci ng agent capable of reducing the  netal
oxi de particles; 5 el) el egdarachkarisgal and/or electrolytic netallization
so as to deposit a netal layer 109 on the parts exposed during step cl).
The | ayer of photosensttiver ési romiygbéntoerpnedcduwibl a subsequent step
| eaving, on the 10 surface of the dielectric 113 through which a
conducting microvia 110 passesicingnegettlcapdbpadefligduciugotiténg to a
‘third nmethod of inplenentation, illustrated in Figures 2a) to 2h), in
whi ch a support 201,' a ci msatdr pxfideebazo2cadrgithe 15 diel ectric 203 are
-shown, step B) conprises the follow ng steps: b2) formng a sublayer 205
~capabl e 8f bei ng @hletHIqGEOFPGRICRS S0fY 8EecarctReLubefectric and of  the

m crovias 204; "metallization so as to deposit a metal layer 109
on the_parfs exposed during step él):’
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




20 either by coming into contact wth a solution of anobjg Btal cgalt
capabl e of being.-reduced by the nmetal oxide particles, or by comng into
-contact wi-th a 25 reduci ng agent -capabl e of reducing the netal oxide
particles; c2) electrochem cal and/or electrolytic netallization so as to
deposit a netal layer 206 27 January 2005 36 on the dielectric and on the
m crovias; d2) formng, on the netallized surface, a |layer 207 of '
phot osensitive resin intended to formthe selective protection; 5 e2)

irradiating and deyeliapidige 1di& 4y @nddfon RBQL G5@ATIIREE resin so as to
sel ectively expose certain parts of the netal layer. A protective resin

llayer 210, "209 red@) No@ii il tod RHRANeT a0fl i Zlelie swlifalcel apenayd® f2)
renoving the metal l|ayer fromthe parts 208 exposed during Step e2); g¢g2)
renmovi ng the | ayer0dfohlgicsangiditniee resiih. ihhensied aeefobhathed has
surfaces of ‘the 15 dielectric 214, of the conducting mcrovias 211 through
the dielectric, deldmtivengrdtkbtdmd;the pads 213. According to another of
its aspects, the invention relates. to the use of the process according to
the inveldtion foredhe prasthedtingn aold gevetegioigr thiet 3ay2® afd of nultil ayer
modul es (usually called MCMs or -
‘ 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 apparent in the
25 lightbof the éxample given below solely by way of

indication and describing the manufacture of a printed

~ gircuit.




“multichip nodules in the art) having a high integrati0@7<%ggﬁ§ﬁ& Syt her

~ details and advantages of the invention-will becone nore clearl’y apparent
~in the 25 light of the exanple given below solely by way of indication and
‘describing the manufacture of a printed circuit. 27 January 2005 37 5
PREPARATI ON 1: This preparation illustrates the manufacture- of a nonwoven
web, consisting of aramd fibres, whichy is inpregnated with dielectric ’
resin. A pol yam deim de resin was produced from trinellic anhydride,

di i socyanat ot ol uene (agFEpPaRNTEox 1:the 2,4 and 2,6 isoners in the ratio
80/20) and terephthalmc acid (1A the trinellic anhydride/terephthalic
acid nolar ratio: 60/ 4%)is Hrefagadiionodyanatratébachsahannfabeupme hand and
the trinmellic anhydride plus terephthalic acid conbination on the other
were in stoichisometmicreramaimt £onBhistipgl padnademmidéibessn wasch obt ai ned-in
a .15 polar solvent, nanely 1, 3-dinethyl-2-imdazolidinone (DMEU). At the
end of pol yicondmrsgriagred witth disdkeicdsiccoasdnt of 21% its viscosity at
20C. was 630 poise. The resin/solvent mxture. is called. collodion. A
nonwoven? consi sting énpPoHaasideiaideores2n vasNPHIERaraWAr RERVEL (1)

pol yam dei mi de fibres and on the other hand of pul p, of TWARON(r ar ami d
fibres in aﬁﬁﬁ%ﬁﬁllc anhydride, diisocyanatotoluene (a mixture o -

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




ratio of 50/50 was produced continuously, with a gramege ff,p3-0/0HHs by a
dry.-route. This web, highly hot-cal endered, was then inpregnated with the
- 25 pol yam dei mi de resin prepared above, using a "size press". On | eaving
the "size press", the inpregnated web was inmersed in a coagul ation bath
consisting of a 27 January 2005 38 DMEU water- mixture in a weight ratio of
60/ 40, maintained at 20C. The web thuggi npregnated was cal endered and .
then dried, in a countercurrent, by a succession of spray nozzles supplied
.at 't he downstMeanga: &ndhidftdhe Mashwed ghyst-amiy bk poyeoyater, which 10
gradual |y becane charged with DMEU in its novenent towards the upstream
Some of the m@ixidaihdd gt @0fgs Theedrebo thukoimbireghbyedergpil i brate the .
‘conposition of the coagul ation bath. After washing, the inpregnated web
- was  contii numisindadracecridh thehanirdeeln an a tenpératureent, BY0L After
drying, this web had an overall granmmage of 93 g/ nR. The irregul ar edges
were cut of fsuaresisiay of spwely 92zedeisn suppt hed PREPARATHORN 2t rJdmn s
preparation illustrates the manufacture of a Cu20 -filled dielectric
conpri si Rg &Pd mfertis Waghdng BysteAsWithnguse WarehAwoyBRCheb of arami d
‘fibres, the surface stripping of this dielectric, the reduction of the
Cu20 to netHadualdopecaird chregesppEpl BMFHgiBf 1Epemovement ,

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




resulting dielectric, on both its sides. Sone of the co lgyggﬁﬂgd in
Preparation 25 1 was taken and m xed w th pul verul ent cuprous X
-CMZO/ponanldelnlde col l odion weight ratio was 14.6% This m xture was
passed through a so-called "three-roll" machine normally used for preparlng
27-January 2005 5 39 paints. The recovery doctor bl ade of the last rol
delivered a Cu20 suspension into the kgsin, this suspension being
conpl etel y honpgeneous, and was used to0.coat the web inpregnated in

Preparation daindde GRALINGMNAES RIGHSd AWkel B kULl 1R8thro100de and the
transfer of filled resin was régulated by a-set of two rotating rolls

fitted with deriverdd ades,0Thespenposht intoothé heesDaL itigig esin was kept
constant by a punp which circulated it in a closed 10 | oop. 15 As the

coat ed web rmvssknpiwar dsing pospedtellr bogbganeehect ahdakadryseg oven
before comng into contact with the cooled return roll, which returned the
web to the wiodiou) dttet ivelp. idpasgnemedt iof Preparhtt&ness of the coated
web, determ ned using a mcroneter gauge, showed that 63 pmof filled
resin wa8 deposited ofheacirasidg whst herwebd( asturnnifvhatbabhh sides were
coated identically). The web thus prepared passed between two 20 abrasive
rol | s rotat imRge enchaheppsanséedi pécEidhedorepis woveredelate@ kvat ed web,

havi ng a shiny surface at
© a’set of two rotating rolls fltted 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




“entry, left with'a matt finish and a brighter red col igiral y.
- The web thus stripped on the surface was then 25 reducg?rﬁ%ngggitggggum

. borohydride sol ution. The agueous reduction bath contained, in solution:
0.5% of sodium hydroxi de, 1% of carboxynethyl cell ul ose, 5% of potassium
borohydri de and 1% of an aqueous solution 27 January 2005 40 containing 1%
of a surfactant. The bath was continu@gsly stirred by air being bubbled -
in. The web was quickly inmrersed in the reduction bath, (contact for about

- 5 s) and thegohbgifiBastEOtod LurdtatRy. e Bakh akhe formof a thin
filmreacted in air for about one mnute. The web was then continuously

- rinsed by passthguddsIhraigh < bax dys ted ngathbddedt han subj ected to

- water spraying on both sides, and finally the liquid .10 water on the
surface was renoved byrhaimsngraisheuietk lyastmeaspdesaethai re8honiog nozzl es.
‘The surface resistivity between point el ectrodes was then between 15 and
30 Q [l acunabathyr (cordiasttarfos efoc2® &ms)Thadvsbenhtbeprepatradtt hen passed
through a 15 commerci al chem cal copperplating bath in which return rolls
i ncr ease 5t heeR A gt &Y ithe mek Ha fompy of a5thipntiiem resntedt, the
“copper deposit was about 1 mon each side of the web. This deposit coul d
then have bekh aihdBashPuly Be&sTLAYehrough a copper sul phate plating 20

bath. PREPARATION 3: THS RE°02LALHN Lohtihtahety Pealos By o of
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 prebared 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"




“a circuitry on each side of the netallized dielectric 225 %5%!§e§0b% t he
previous preparation. Specinmens cut fromthe web, copperplate

.sides in Exanple 2, were then able to be made in the formof a circuit
using the "pattern plating” 27 January .2005 41 technol ogy, which includes:
the calendering .of a dry "photoresist” filmon each side;, its
irradiation through masks brought into,gcontact 5 with the substrate; the-
devel opnent using a mld basic solution’leaving only the negative part of

.the mask unqﬂgﬁﬁﬁg; ”QﬂikﬂﬁlHkﬂda% el ectrolytic reinforcement of. the
per pl at Oag p Y

exposed cop arts. The electrolytlc rei nforcenent was carried

out in an agueeHs Eamne@ﬂﬁgnwga@rﬁ/* 106t SapPest « Stil e eaddBUSO4 5H20)
~and 2 nol/litre of sul phuric™acid, together with a commercial brightener.

- The anodes of gthe;device conS|sted of pure copper plates enclosed in 15
bags. consi sting of fine cloth nade of synthetic yarns. The electrolysis
~current was ssetitat i3rAdia®ion AARssugibamdskd &roightd entd hemaeat rol ytic
rei nforcenent was stopped and. the treated specinen was rinsed. The rest
of the photoresith thénswasttdes; 20 dissol ved using a strongly basic
solution, revealing the desired circuit as an additional thickness with
respect to t*hethdi deveppemehatestidpse miflivk hiidifcesedediam letaWIl@Eness
bet ween these two regions was about 9 pm on both sides.
only the negative part of the mask unchanged;
¢ and finally‘the electrolytic reinforcement of the
exposed gopperplated parts.
10 - The electrolytlc reinforcement was carrled
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




25 Lastly, the double-sided circuit was imersed in a gently, §§;
aqueous bath containing 10%ferric chloride and, after two mnute
-rinsed with water. Only the desired-circuit then appeared, with a 27
January 20.05 42 highly matt finish, on a base free of copper. Running

t he product rapidly through an acid bath containing 1% sul phuric acid
restored the brightness of the copper ;gircuits, which were then rinsed and
dried. 5 EXAMPLE The Cu20 -filled diel éCtric resin prepared in Preparation
2 was used, yoaptheniw td dihe dewbkensisded a0 SEVEHbéeProﬁﬁ'ﬁﬁﬁnén

Preparation 3. The resin was spread over one sid the circuit using a
Meyer dOCtO&H@iy¥bddﬁﬂjﬁﬁﬁﬂ&dbehQé§§thn'hchatﬁa@hfé@nﬁaﬁﬂlﬁ@r145 m nut es
at 190C. - The sane operation was carried out on the other side and then the
circuit was aflpaded DydiasHekgordd khebBtigROnévO 6DIESE VEopdt s, as in
Preparation 2. The average increase. in thickness of the doubl e-sided
circuit was ditZzuyims,i which6wptrepehesai dénasduandgdaiedi denti cal deposit. The
planarity of the circuit was satisfactory. 20 The drilling operations were
then carbied out, on each side, using a CX2 |aser according to a’
preestablished drawing. This drilling was carried out directly w thout any
~particular preparatio%EéﬂBéﬁe speci nen. Exam nation in a binocul ar

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

di ameter in the upper part of about 80 pm

The Cuy0-filled dielectric resin prepared in

1t was

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




A reduction operation was. then carried out, followed by jggﬁ?
copperplating-as indicated in 27 January 2005 43 Preparation Flnaﬁiy
-the operations described in Preparation 3 were carried out so as to obtain
thereafter a nultilayer circuit of four levels, the layers 1 and 2 of

whi ch, on the one hand, and levels 3 and 4 of which, on the other hand,
were interconnected. The procedure exenplified above (the subject of this-
exanpl e) could then be repeated for the purpose of adding two new circuit
level s. 27 Jppaldd¥a2Q0Qp MO 02/ 1. 1503 44 CLAI M5 PCT/ FRO1/ 02465 1. Process
for producing a circuitry conprising conducting tracks, pads and
mcrovias, on 5 the upgefai sy, age é%dﬁﬂﬁﬁ%cﬁk%%rﬁgéalﬁhlng of a polyner
matri x, of a conpound capabl'e of inducing subsequent netallization and,
wher e appr opPir&pLratiforDI®e wedfe MR iedhefut BeNagorduebtAgnand inert,

fillers, the said dielectric covering a.circuitry level or a 10 netallized
~layer, by i nphenenfiang a e lttidpyecrordirstuing cifnfoud) ldrvelEj nghei ght t hr ough
the said dielectric without drilling the subjacent nmetallized | ayer or the
‘'subjacent cilzygtyyl laakl2 of adhifcd, fomwmbneooe habdpoerdnieveysas at the

- desired | ocati ons;

and 4 of which, on the other hand were interconnected.
The procedure exemplified above (the subject

of this example) could then be repeaﬁed-for the purpose

of adding two new circuit levels.




) B).. form ng, by nétallization,'netal tracks, pads and 'E#”d&ﬂd%%gDQob%e
surface of the dielectric and of . the mcrovias wth the use of

. sel ectiveprotection. 20 25 by deposition of a protective layer. 2. Process
according to claim1, characterized in that the conmpound capabl e of

i nduci ng subsequent netallization consists of particles of a netal oxide
chosen fromwu,02/@350Gr, Cd, Ni, Pb andidSb oxi des arRETMBRUI/ER248%r eof . 3.
Process according to claiml1, characterized in-that the laser drilling is
carried out in step A) by neans of a l|aser. 27 January 2005 45 4.
Process. according to claim 1, char agtgfipged in that the netallization is
carried out on'a sublayer capable of—perng netal lized, which was forned
previously on the surface of the microvias, and 5 on the surface of the
dielectric or of parts of the .surface of the dielectric. 5. Process

according to claiml1, 1. chapaateészedrlprb&a&m@ea cotpewtttk-gapabl e of
i nduci ng subsequent netallization consists of particles of a 10 netal

oxi de choserodmparis@ng CondGrtitd, tMack®p pands Shnd axichesvieasd, mirxt ur es
thereof, and in that step B) conprises the steps consisting in: Bl)
- fornming a subleaypppecapablfecef obeandieabeatticeconpistinswf ace of the
- mcrovias, and on the surface of the
N 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.




15 dielectric or of part of the surface of the dielectric, Jn@Gt i ng
all or part of the dielectric to the . reducing action é¥F§kEU|f§g?g%%

- reduci ng agent until a nmetal sublayer covering, in particular, the

m crovias i s obtained, by reduction of the nmetal oxide particles 20 on the
exposed surface of the dielectric, the [lacuna] resistivity of which is
~between 0.01,and 1010 0/ D; B2) producing a-circuitry conprising tracks,
pads and mcrovias by inplenenting a sequence of treatnent steps

conprising, in a suitaple opeefesStirdrligf 2> Ql8¢f rochem cal -

(el ectroless) and/or electrolytic netallization and step (ii) of selective
protecti on byhatepostized Dh that ARCatllldveicidh il eeessedceatrding to
claimb5b, 27 January 2005 46 characterized in that step B2) includes an

- etching stepon(aisyblayerromessl accdidiing metelldiined, «hdchctveasi zed in that
5 in step Bl) the sublayer-is forned over the entire surface of the

di el ectric abermgd theemously ax the surdaldeaydr thel mjcrolrérne, appdopri at e,
reinforced by netallization over all of the dielectric and of the

m crovi a®, 1on thepBAaceef vde dielegpirdsenravifoparics ofdehe of - the
follow ng steps B2a) to B2d): . B2a) coating certain parts of the surface of
the dielectficiaea nh ithe fdishentadcBl) with a protective layer, the parts

that are not covered corresponding to 15 the regions intended to formthe
desi red i nt erconnect 5. rocess according to claim 1, - '

characterized in that the compound capable of inducing
subsequent metallization consists of particles of a

10 metal oxide chosen from Cu, Co, Cr, Cd, Ni, Pb and Sb
oxides and mixtures thereof, and in that step B)
comprises the steps 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,




circuitry, B2b) reinforcing the said parts not covered-
conpl-ementary netal deposit applied electrochemcally (electrolessl
.and/or 20 electrolytically; B2c) exposing the upper surface of the
dielectric by renoving the protective |ayer deposited in step. B2a); B2d)
subj ecting the netal deposited on the dielectric to differential etching
~until. conplete renmpval, at 25 those papks of the dielectric which were
exposed in step B2c), of the sublayer formed in step Bl). 8. Process

~according tOckh B MRdri &N AR 284 BHNAhL SheR B2R) e%QHE!EFSE?e{Dhe steps -
27 January 2005 4 7 consisting in: B2a (X) depositing a layer o o

phot osensi tiygisesin over the entire surface of the dielectric, after
treatment with the reducing agent; 5 B24) forming an i mage on the

photosensitive |ayer by. irmasiedd aticoBddyyy te@wingsthe di ssol vabl e part
-of the said |ayer of photosensitive resin. 9. Process according to claim
5, 10 charao¢k&ra&ﬂbrxz&dumntﬁhatredUC|ng agent for formng the sublayer in
step Bi) is an alkaline borohydride, the reduction being carried out by
bri ngi ng 5t he* sahdstdpeBétt the subbayentistfowndd avearnudsusenddlng i on of the
sai d borohydride until a continuous netal |ayer having 15 a surface.
resistivity of spefacencd. bheadtelloqory and ©f 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




" obtained. 10. Process accordihg to claimb5, characterized j43.1
dielectric consists of: from10 to 90% preferably from25 to 90% by 20

| - wei ght of netal oxide; fromO to 50% by wei ght of inert non-conducting

filler(s); and from10 to 90% preferably from 10 to 75% by weight of
polynmer resin; .25 and in that in step Bl) the reduction is continued
until a surface resistivity' of = betweep50.01 and 103 Q' D is obtained, the
-metal lization in step B2) being carried out electrolytically. 27 January
2005 48 1l.cdocasimqaeprding to claim5, characterized in that the netal
oxide particles are cuprous oxide particles and in that, in step Bl) a

netal lic comprdosubmyestiny delesidredf ghothecaxpeseod esunf agerof the said
dielectric. 12. Process according to claim5, characterized in that the
nmetal | i zat i orhe rerstieqe B2)rfacensifsttheotiialeetaliki catoppetrdapmsnt. 13.
Process-according to claim1, 10 characterized in that the.conpound capabl e

. of i nduci ng wisthh$drpiestdurengl ligeatti;on consists of particles of a netal
. oxi de chosen fromCu, Co, Cr, Cd, Ni, Pb and Sb oxides and m xtures
ther eof &nd BZﬁﬁt)ha“torgtJ@s BR lmégﬁr pgeghshphgtepgn%bhsvstlarger nby 15 B1)
- forming a, subl ayer capable of being netallized on the surface of the
- microvi as, e&ﬁFQQ%QQ%Qnsurface of the

B2ay) removing the dissolvable 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.




“di.electric or of part of the surface of the di el ectric,z7 byargisesiorg al |
or. part of the.. dielec.t.ric to the action of a solution of a"noble netal

-salt capable of 20 being reduced by the oxide particles; B2) producing a
circuitry conprising tracks, pads and mcrovias by carrying out a sequence
of treatnent steps conprising, in a suitable order, step (i) of
~electrochem cal (electroless) and/or elggctrolytic 25 netallization and step
(ii) of selective protection by deposition of a protective |ayer. 14.

Process according to clial Mphocdfaraddidized tion chhat step B) conprises the
follow ng 27 January 2005 49 10 steps: bl) formng, on the dielectric and
on. the nicrosh@sacteeriAyerirofehotorersitlhilvexiasi paritiendedate formthe
~selective protection, this layer not containing a conpound capabl e of

i nduci ng subsaeumrd awetdd |dezatiicdrgs arld) ini thadi, athngtapdBdevel opi ng t he

| ayer of photosensitive resin so as to selectively expose the mcrovias .
and certain prtaklist adppeadi slvbdiavies; idl Yeposhiird. enstbkageposagabl e of
being netallized either by comng into contact with a solution of a noble
metal saPt capEbice off the sgidedicdedyicrhe netal oxide particles, or by

coming into contact wi_th a 15 reducing agent capabl e of reducing the netal
oxi de particles; - Process according to claim 5,

characterized in that the metallization in step B2)
-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




'el) el ectrochenical and/or electrolytic netallization 80 Andaaepesit a
- metal layer on the parts exposed during step .cl-)... 15. Process
-according to claim?2, 20 characterized in that step B) conprises the
followi ng steps: b2) form ng a sublayer capable of being netallized on
‘the surface of the dielectric and of the mcrovias: t t 4- 4 4-1, - 4th Db
25 e. ey iinr comg o con ac W TH a gsol ution of a noble netal salt
capabl e .of being reduced by the netal oxide particles, or by comng into
~contact wthsteps; January 2005 50 reducing agent capable of reducing the
metal oxide. particles; c2) electrochem cal and/or electrolytic
metal | i zati dit) sfomsirtgy depadiet dieletalrilayed on the dieteeissc and on 5
the mcrovias; d2) formng, on the netallized surface, a |ayer of
phot osensi t idayersih ohatesead itdveorestihe isekpdedveo pootecheon; e2)
irradi ating and devel oping the |layer of 10 photosensitive resin so as to
sel ecti vel y s&dsdd vec @modiestpant stbfi st hayaet abt| agetaif)granovi ng t he
nmet al Iaﬁer fromthe parts exposed
cgmpound capable of inducing subsequent metallization;
cl) irradiating and developing the layer of
photosensitive resin so as to selectively expose the
microvias and certain parts of the dielectric;
dl) forming a sublayer capable of being metallized
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 cl)..
15. Process according to claim 2,
20 characterized in that step B) comprises the following
stepsf - |
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 _ o solution of a noble metal salt capable
of being reduced by the metal oxide

particles,

- or by coming into contact with a




"during step e2); g2) removing the |ayer of phot osensi tixe J88ihy 2Hps16.
Process according to claiml, characterized in that the dlelectrlc surface
.is obtained froma lanm nated article conprising a |layer of netal and a
llayer of the said dielectric, consisting of -a polyner matrix, .of a
conpound capabl.e of inducing 20 subsequent netallization and, where
appropriate; of one or nore other, nogpconducting and inert, fillers. 17.
Use of the process according to any one  of claims 1 to 16 for the

production of printed circlids. iR QferfPuldadaayer JPodubeeshgviag a high 25.
I ntegration density. 18. GCrcuitry conprising tracks, pads and mcrovias,

- capabl e of bei ng obtained mkﬁdnﬂdyya@t@@thclggqcess according to any one
of clainms 1 to. 16. 27 January 2005 51" 19. Printed circuit conprising at

| east one ct2putlaytmodmndiddd tahidyloal B1e2trdQytidl hekayes zgedohe
conprising at least one circuitry according to claim18.
s0 as to ‘deposit a metal layer on the dielectric and on
5 the microvias;
_d2)'forming, on the ﬁetallized surface, a layer of
photosensitive fesin intended to form‘the selective
protection; |
e2) ifradiating‘andrdeveloping the layer of

10 photosengitive resin so as to selectively expose
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.
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19. Printed circuit coﬁprising at least one
circuitry according to claim 18.
20. Multilayer module comprising at least

one circuitry according to claim 18.




