28 Septenber 2005 1 Process for fabricating a multilevel circuitry

conprising tracks and mcrovias Exanple enbodi ments of §%§%éﬂggynédy% rel ate
to an inproved process for producing a nultilevel interconnect circuitry

conprising conducting tracks and mcrovias and possibly pads. Wthin the
‘context of the exanple enbodinments, thg term"mcrovias" is understood to
mean m croconnections passing right through the thickness of a dielectric
| ayer. Wthin the electronics field, there is a trend towards optinmm
product - mi ni at ur Pzatkees £od fabwakdtingCacaalkglpeeiocrBaGetiy ternms of
speed. These trends are accentuated by the grow ng use of surface- nounted
conponents such as BGA &EpriGShortoidies drd miadvypiasonponents.
Integration densification is desirable in three dinmensions: both in an
axial direction by successively stacking ever thinner dielectric/copper

| ayers, in order to obtain a nmultilayer, and in the plane perpendicular to
this direction by bri nigFHEP ey e P Haen ks gok sthmdi pertst idrosegldtoget her. The
process of the exanple quodinents neets these requirenents by producing a
"fine line" &P rdli tIEFORFHArREPEFT 2P hyPEPHKI R i T Ert¥2itdd wi dt hs of |ess

28 Septenberié%gg%onnect circuitry comprising conducting tracks and

microvias and possibly pads.

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

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

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

The process of the example embodiments meets
these reguirements by producing a “fine line” circuitry

characterized by track and intertrack widths of less




2 than 100 pmand hole or via dianmeters of |less than 100 Pm This process
‘al so ensures excell ent adhesion of the metal Iayergzécéégg%dﬁé% 86l ©
substrate and limts any inprecision due to the successi've stacking of

the | ayers. The process of the exanple enbodinments is furthernore
-econom cal |l y advantageous in so far as 4t involves a small nunber of
steps. The exanpl e enbodi nents provide a process for form ng conducting
tracks and mcrovias in a dielectric covering a first circuitry level or a
first netallthed 10@yes ,and thawt cdaragedt eamébersabtl fédstrigin quictry | evel
or the said first nmetallized | ayer. The process described in Patent US 5
260 170 teaehes how to fabricate circuitries conprising conducting

m crovias. This process conprises the following steps: 1. applying a first
layer of photoresist, Thbhtioians alsel epsnoechenikcal lemetadliesdati on
catalyst, to a substrate; 2. irradiating and devel oping so as to expose
certain part@fofhe feetsidpdavars, to3thgpaiol agtale cv@mt faifernsf phot or esi st ,

not containifgna nmetal | ization catal yst; 28 Septenber 2005 3
: 1Ts any lmprecision dug to the successive stacking of

the layers.

The process of the example embodiments is
furthermore economically advantageous in so far as it
involves a small number of steps.

The example embodiments provide a process for
forming conducting tracks and microvias in a dielectric
covering a first circuitry level or a first metallized
layer, without damage to the said first circuitry level
or the said first metallized layer.

The process described in Patent US 5 260 170
teaches how to fabricate circuitries comprising
conducting microvias. This process comprises the
focllowing steps:

1. applying a first layer of photoresist,
.containing an electrochemical
metallization catalyst, to a substrate;

z2. irradiating and developing so as to
expose certain parts of the substrate;

3. applyihg a second_layer of photoresist,

not containing a metallization catalyst;



4. irradiating and devel oping so as to expose certain parts of the first

| ayer and of the substrate; 5. netallizing el ectro?‘?rgegﬁadér%he St 3, 4,
5 are used to formtracks and mcrovias, the secon ayer o 6%0 oresi st

formng selective protection. This layer is not renoved. The process nay
be repeated several tinmes so as to obt@ain nultilayer circuitries, the
final surface obtained serving as substrate. The circuitries obtained
according to the process described above suffer from poor planarity,
which is to the detrimnt ofrtdeidtipiecirsi @velbbsngdsawhackois due to
swel I i ng phenonena in the photoresist in contact wwth solutions used for
various treatnents, such asxpdee asditedin @aralk tliethat iyst aydhe
metallization. It may al so be due to too great a superposition of |ayers.
The exanpl e enbodi nents prosndechrthienmubnsgdatprocess for fabricating a
circuitry, making it possible in particular to achieve better planarity.
The process also has Phe avEmtbgeinsf edeichgosbenicaliabl e, by reducing the
- ampunt of circuitry that would be off-specification as a result of
inprecisions in the sup&Poditior Gt HeSFayer SoOHRICF#Ckheébsi ti oni ng of
the m crovias, Accordi to a fi aspegt of the present_ninvention, t here

rst
i s provided Bprocety f ﬁgﬁppgaiﬁﬁﬁrao photoresist forming

selective protection. This layer is not removed.

The process may be repeated several times so
as to obtain multilayer circuitries, the final surface
obtained serving as substrate.

The circuitries obtained according to the
process described above suffer from poor planarity,

~which is to the detriment of their precision. This
drawback is due to swelling phenomena in the photoresist
in contact with solutions used for various treatments,
such as the activation of the catalyst or the
metallization. It may also be due to too great a
superposition of layers.

The example embodiments provide an improved
process for fabricating a circuitry, making it possible
in particular to achieve bettér planarity. The process
also has the advantage of being more reliable, by
reducing the amount of circuitry that would be
off-specification as a result of imprecisions in the
superposition of the layers and in the positioning of
the microvias. |

According to a first aspect of the present

invention, there is provided a process for fabricating a




28 Septenber 2005 4 nultilevel interconnect circuitry conprising netal
tracks and mcrovias, conprising the follow ng steps,d (yept rm%%tfcizrb%f)at

| east one level: a) formng, on a substrate having parts irectly

netal lizable and parts netallizable after treatnment on its surface, a
first layer of insulating photosensitiye resin containing a conpound
capabl e of inducing subsequent netallization; b) irradiating and

devel oping said first |ayer of insulating photosensitive resin so as to
sel ectivel y suposketde jpardrssonfethe ciubattayecdipeciing metadl | i zabl e and
the parts of the substrate netallization after treatnent; c) formng, by
met al | i zat i ohra@es adnd rmeickviasd eowpovsasgohhe hiokloviage safeptshéoti r st

| ayer of insulating photosensitive resin and of the parts exposed in step
b), with thePt@ueing aedsddt aper 1e¥elphot osensitive resin formng

sel ective protection; the process further conprising, for producing the
level in question, a sTeptfRindy Whi éh SUPRETEBoRAVIRG 6?2 13FS phot or esi st i s
renoved, characterjze ubstrate is.a laower circuitry level,

in.th th
the parts di Tettt Weaﬁalqi]z%% & g@ ng2hef dPetd B fitéedvi as and the

parts netal]] after. treatnent bei non-netal | ized _parts having
served as a J?li%%%l‘?%atyeorn 35 ﬁ%%{:?nga PY-0Naeof 4Bsu1liting

photosensitive resin containing a compound capable of

inducing subsequent metallization;

b) irradiating and developing said first
layer of insulating photosensitive resin so as to
selectively expose the parts of the substrate directly
metallizable and the parts of the substrate
metallization after treatment;

¢) forming, by metallization, metal tracks

" and microvias on the surface of the first layer of
insulating photosensitive resin and of the parts exposed
in step b), with the use of a second layer of
rhotosensitive resin forming selective protection;

the process further comprising, for
producing the level in question, a step during which
the second layer of photoresist is removed,

characterized in that the substrate is a
lower circuitry level, the parts directly metallizable
being metal tracks or microvias and the parts
metallizable after treatment being non-metallized
parts having served as a first layer of insulating

photoresist for producing a lower level.



photoresi st for producing a | ower |evel. 28 Septenber 2005 5 The

circuitries are obtained by formng |ayers and/or i f r-s of
materials of different types on defined parts. Thugspﬁg¥§%mgfgg%¥®5 nmet al

m crovi as and, possibly, netal pads, separated in places and supported by
| ayers of an insulating material, are gbtained. The tracks, mcrovias and
pads forman interconnect circuitry. The tracks are circuitry parts
positioned on the surface of an insulating nmaterial. They are generally
in the formof |ines ofhsnaltcthicieresse Theadnedubyrfesnaogording to the
exanpl e enbodi nents conprise several circuitry levels. Each circuitry

| evel corresp8iBESt 3N/ o sHfafdttisoR ol aypae ket ore el ashs fafce of an

| ayer of | nottEP R et B hIoR (AL TRe: BREtonHect g Htodd dtueen the.
o an“SSPELTHIFAMEP LT DELESD, LBLPL IS LM A i ) S0,
the art. ThepmaAYS agtdirugfortR@ iy GULEEY, of Ofn afnsdgasthone of the levels,
conprises steps a), b) and c), wth renoval of the second |layer for this
| evel . 28 Septeabisl 200% obtained.
The tracks, microvias and pads form an
interconnect circuitry.
The tracks are circuitry parts positioned on
the surface of an insulating material. They are
generally in the form of lines of small thickness.
The circuitries according to the example
embodiments comprise several circuitry levels.
Each circuitry level corresponds to a
combination of tracks on the surface of an insulating
material. The circuitry levels are therefore separated
by a layer of insulating material, with metal
connection areas between the levels. These metal
connections between two or more levels are called
microvias. Such structures and such terms are known to
those skilled in the art.
The manufacture of the circuitry, for at
least one of the levels, comprises steps a), b) and ),

with removal of the second layer for this level.




5a According to the exanple enbodi nents, the layers of insulating material
separating the circuitry |evels consist of insulating i

containing a conpound capabl e of inducing subseque%? ﬁ%pggﬁkggt?ggs Thi s
| ayer is called the "first layer”. The mcrovias providing netal
connecti on between the | evels through sphis |ayer are positioned at points
where parts of the first |ayer have been renoved by being irradiated and
devel oped. They are often referred to as "photovias”. During step a), a
first layer of photored¢strdirgg ftar et exatmbéesanibadonaits, sunestrate havi ng
netal |1 zabl e and/or%foientiaLly metal | i zabl e parts. 28 Septenber 2005 6 The
expr essi on " pdYeRt i@l | ysvdedlinioz geteriaglr seperatinainder stiseditoynean a
surface part_which cannqgt be directly netallized electralytically and/or
eIectrocheni%%Y?@? %ﬁﬂs%é%(ﬂf &§ﬁugét ¥ PP e Hrtlec 2 148 JuRder gone a
"Suitable tre F i . a surface part _of .an

i nsul ating, %ﬁ%&%&g%égﬁFgéﬁ%BLFﬁ%%gﬁﬂg%%éﬁﬁ%ﬁﬁéaﬁgF %E%PﬁlégﬁFéPﬁrng a
conpound capabh €1 8fe i MGG sUBsRONGRL SFRL Al LiZatdhn i o Rt i cul ar, it
may be a | ayer part having served as a first layer of Insulating
‘phot or esi st phsvingi richene arlodveheenioh Betwy@i dievalevelBushretiher of the
two expressions "potentially netallizable" or "netallizable after
treatment” wilis beusedritepeosfitérned aefroints siere parts of the

first layer have been removed by being irradiated and
developed. They are often referred to as “photovias”.

During step a), a first layer of photoresist
is formed on the surface of a substrate having

metallizable and/or potentially metallizable parts.




| a surface. The expression "netallizable surface part" is understood to

mean a surface which can be directly netallized el rol yticall d/ or
el ectrochem cally. For exanple, it nay be a netal %a%rts%#ﬁn%&aéﬁﬁ)

tracks, pads or microvias on the surface of the substrate. Thus, either of
the two expressions "netallizable" or fdirectly nmetallizable” wll be used
hereafter to refer to such a surface. The tracks and m crovias are forned
by netallization on the surface of the first layer of photoresist and of
t hose parts of the subSieateonds<ion dpetexposédyduetalstapld). The netal
parts fornmed on_ the surface of the parts exposed during step b)

correspond t3U¥FRCen crowrgiersigodeppeibep 2095 BT @F ST miltisd tracks and

morovias, Selestive BLOLSSLl onL3, ebialned by, he usg of 8 sccond | ayer
ol SELI e, PRSI A0 o8N RSy BB KA g Sgge 1o
_pattern-1ypena Pracrssphand e panek rLY PR OCESS &Siandl d,N8 tPRAGESS
according to the exanpl e enbodi ments, the nmetallization on the parts of
the first |ayera ocfufhmetconrsitstofi anmidgulating, photosensitive or

non-photosensitive, resin containing a compound

capable of inducing subsequent metallizaticn. In

particular, it may be a layer part having served as a

first layer of insulating photoresist during the

production of a lower level. Thus, either of the two

exXpressions “potentially metallizable” or “metallizable

after treatment” will be used hereafter to refer to such

a surface.

The expression “metallizable surface part” is
understood to mean a surface which can be directly
metallized electrolytically and/or electrochemically.

For example, it may be a metal part, for example
tracks, pads or microvias on the surface of the
‘substrate. Thus, either of the two expressions
“metallizable” or “directly metallizable” will be used
hereafter to refer to such a surface.

The tracks and microvias are formed by
metallization on the surface of the first layer of
photoresist and of those parts of the substrate which

- are exposed during step b). The metal parts formed on
the surface of the parts exposed during step b)

correspond to the microvias.




. sonet hing whic

possi bl e by the conpound, contained in the said resin, capable of inducing
subsequent netal l.ization and possibly by a suitabl reat.nent prior- to the
nmetal li zati on. According to the exanple enbodinents?ﬁ%hgpﬁﬁ%%?ng%B
phot oresi st (second | ayer of photoresist) used to formthe selective
protection is rempved during the procegs. Renoving the second | ayer of
photoresist, for an internediate circuitry level, inproves the planarity.
The expression "internediate level" is wunderstood to nean a |evel which is
not the |last one and Wlfohe tzxedrasksoner hévebvibhen forddtngrean upper
| ayer. It also | eaves avail able, on certain parts, a surface of insulating
phot or esi st RoriEetHian & chvgdund braphdl eseofof mlurtemnd dlsyeguet
metal lization. Should there be any ingrecision when fabricating an upper

h

circuitry | VYL PO PrOAPAGSENECH EPBHE, "l netal | i zation and
the formati 0{'mﬁ r & rﬁloe t%cgdinc%ngleﬂef:ggﬁél }gégtev%’éj{]oﬁ/%)yoa?ci%%ggrgg :: SP, i's not

i not thé Ccase | ~Second"Taye .
removed. ThepuRsldAla Te Beofinl PYCENGLE Chiki] Yed ePlLndiaduced according
~to the process of the exanple enbodinments, or according to another
process. If the 28 Septenber 2005 8 substrate is a lower circuitry |evel

produced accordi ng




to the process of the exanple enbodi nents, the netallizable parts are
circuitry parts of the lower level, in particular(EBtgg d; CK? or

m crovias, and the potentially netallizable parts are non- metal1i zed
parts of the first layer of insulating photoresist used when producing the
l ower |evel. The substrate may also be  printed circuit having one or
nore levels on arigid or flexible support, possibly with conducting vias.
As regards the supports, this may, for exanple, be an injection- noul ded
insulating npietiehlor, anaiiResiag Bt grbal of comy gt anal-typet he fiel d of
printed circuits. Mention nmay be made, for exanple, of epoxy/glass-fibre
supports. |tprayebeesn adicklEet Hanedetepeaprooapsési nn E&havglrooksson- woven
fibres or a paper, inpregnated with dielectric resin. The presence of the
web or paper2CePsdiEs oodumrRePHEt frbpdinenthierthg msisdddizanion

: fficient TECs). Particularly. t |y, the s re | b
Consi sting ;?](lnE}.ﬁ?\)/%%% A (%l_ﬂ%t)!ﬁ?ﬂearv ETaOF TS fﬂ%mﬂif%ei ih br es
rei npregna : .a polyimde_resin or with a
Bl and of ¢ hga®tle 2Py PR erb Rt i BelPlt BT Rl e o

preferably neigagranf fidiasg Babazghant dnkt H1 LS, a0 SHXt ure of such
fibres) are preinpregnated with a functionalized pol yam dei m de

(functional i gessi®h biheatsudrresdki hkabteecheprtat wmnitte). This
functionalization may be achieved with doubl e bonds or
metallization.

According to the example embcdiments, the
layer of photoresist (second layer of photoresist) used
to form the selective protection is removed during the
process.

Removing the second layer of photoresist, for
an intermediate circuitry level, improves the
planarity. The expression “intermediate level” is
understood to mean a level which is not the last one
and will be used as lower level when forming an upper
layer. It also leaves available, on certain parts, a
surface of insulating photoresist containing a compound
Capable of inducing subsequent metallization. Should
there be any imprecision when fabricating an upper
circuitry level or when positioning thérmicrovias, the
metallization and the formation of a contact remain
possible with very good cohesion, something which is
not the case i1f the second layer of photoresist is not

- removed.
The substrate may be a lower circuitry level
- produced according to the process of the example

- embodiments, or according to another process. If the




28 Septenber 2005 9 with mal ei m de groups such as those defined in patent

EP O 336 856 or US 4 927 900. Advant ageously, the i ses to 60%
by weight, preferably from44 to 55% by wei ght an\(lj\%%etsf%g)g%ﬂh%% 2ﬁr%gm 40 to
50% by weight, for exanple 47% by weight, of dielectric resist. By way of

exanpl e, the thickness of the web variges between 10 and 70 pm preferably
between 15 and 50 pm and better still between 20 and 40 pm In general,
its granmage varies between 10 and 50 g/n2 and better still between 15 and

40 g/ n2. |t shestehthe pointietie@utithattthel sveTUyitddired abt-airagdqgby the
process according to the exanple enbodi nents may be produced on one or
bot h sides. Dorimg mteps) ofather skahpyerembodimsantat,i ndpe photoresist is
formed on a substrate. The first |ayer of insulating photoresist contains
a conpound cBpeblE TP iRFETRgAEabSEHHERELY Rl S ioz‘gtﬁh@n.lowﬁéf erably this
conpri ses paiti cle The net aquxi de. is chosen from Cu,

: e 5,004 .q%éal O%iﬂﬁé icpgyias ;
Co, O, N, Pb ’Sbl_rérPcT‘%ﬁ Pde8ta njfji?%]i‘%sa_‘q étedt = NSt particul arly,
o o (o PR PSR BT R BT St TGl cont el [nert
the form of gsawdlrsizehpast o¢l e5e Ehespariysl eoﬁii%%ulating
photoresist used when producing the lower level.

The substrate may also be a printed circuit
having one or more levels on a rigid or flexible
support, possibly with conducting vias. As regards the
supports, this may, for example, be an injection-
moulded insulating material or a composite material
conventiocnal in the field of printed circuits. Mention
may be made, for example, of epoxy/glass-fibre
supports. It may be a dielectric material comprising a
web of non-woven fibres or a paper, impregnated with
dielectric resin. The presence of the web or paper
ensures good uniformity of the thermal expansion |
coefficients (TECs).

Particularly advantageously, the support is a
web consisting of non-woven aramid (a commercial
aromatic polyamide) fibres préimpregnated with an epoxy
fesist, with a polyimide resin or with a blend of
these resists. Better still, these aramid fibres (which
are preferably meta—aramid fibres, para-aramid fibres
or a mixture of such fibres) are preimpregnated with a
functionalized polyamideimide (functionalized with
heat-crossiinkable chemical units). This

functionalization may be achieved with double bonds or




is generally between 0.1 and 5 pm The photoresi st may be chosen from
negative or positive photoresists. Advantageously, 44 d | i e

Sept enber 2005 10 The photoresi st may be chosen fror%gtnegge tt?e\?d[e%ero%oﬁ%si tive
phot oresi sts. Advantageously, it is applied to the substrate or to the
lower circuitry level inthe formof asolution in a solvent and/or in the
formof 5 an uncrosslinked stage-A fluid. By way of exanple of a

phot oresi st, mention may be made of the PROBI MER range sold by Vanti co.
The conpoundwéahahbeeOhidadyeongs Subisegsertos®tadd firzad iian pascddat principle
introduced into these photoresists before the layer is formed. 10 The

t hi ckness of EPhé phot®registUS 4 ddh 90Aat Adheneagsowsiiig,i dhentvebnsul ati on
between two | ayers of _conducting material. Advantageously, it is |ess than

100 pm- for ERBRBLESHefweeR 40° dpd POLPhy . ettty etthveth 20 and 40 pm
The dielectrigc,pgrmttivit f. 15 the layer is advantggequsly less than 5.
The corrpound'5§ép§i*ﬂl‘@eb?h#n%’ﬁ@ikﬁ%tts%s% t]gr?flét 152 at oY s used to
produce a netal i zat} f g or. npuel . a treat nent
resul ting in&étkhjétgfo?(?rgt?}é%\ﬁ%}fe?il ﬁﬁ%g r’ea{%freﬁltrgsit J%tyl(gan be 20 used
wi |l be describedtbel ow. During step b), the first layer of resist is

irradi ated and then devel oped. Dependi ng on the nature
By way of example, the thickness of the web

varies between 10 and 70 um, preferably between 15 and
50 pm and better still between 20 and 40 um.

In general, its grammage varies between 10
and 50 g/m® and better still between 15 and 40 g/m?.

It should be pointed out that the circuitries
obtained by the process according to the example
embodiments may be produced on one or both sides.

During step a}, a first layer of insulating
photoresist is formed on a substrate.

The first layer of insulating photoresist
contains a cecmpound capable of inducing subsequent
metallization. Preferably this comprises particles of a
metal oxide. The metal oxide is chosen from Cu, Co, Cr,

.Ni, Pb, Sb and Sn cxides and mixtures thereof. Most
particularly, cuprous oxide Cuy0 is preferred. The
'photoresist may alsc contain inert non-conducting
filiers.

| With regard to the metal oxide, this must be
in the form of small-sized particles; the particle size
is generally between 0.1 and 5 pm.

The photoresist may be chosen from negative

or positive photoresists. Advantageously, it is applied




" of the photor'esi st - positive or ‘neg,ativ'e - the parts renoved during the

devel opi ng operation are the 25 irradi ated or uni rr:i(gi te(ge LiSsoqphe

operations of irradiating and of developing a |ayef o ef))ho orési'st, so as
to expose parts of subjacent |layers, are known to those skilled 28

Sept enber 2005 11 in the art. Two techni ques known fromthe art are
perfectly suitable. The first consists i% irradiati ng the |layer of

phot oresi st using a predeterm ned mask. 5 The second technique is the

so-called LDl "~ (Laser Direct Imagin techni que for direct exposure of the
~ photoresist. This techﬁ‘%@‘?%"’é‘%ﬂaﬁ% a‘b@bn%ef The" - L dHuti 'c- 6t andpoi nt
since it does_ not_ r.equi refétthe Use 10% a maseko. Sccorldil)n% tao this second
techni que, tHe PHHorbrediit 9Tt b i3 1395 Sed, T pi el 28R T %el , by
a | aser bea sgﬁgﬂi ( e surface ielectr: t Wi t :
phot or esi st .rgol eﬂgoo%ét]%} T 74 Iteo gal}% 2{%0 *% hcglcrﬁédsl&s 3}:fatifée‘?ecﬁt é'lnh:rheermved I n

the same Wayfc?ﬁrn | e taresé:ﬂm/]t igpal SédﬁpéHy'h%}bslj ng, R9sd tfovlq‘} acfkd negative

photoresists. To 1 npl ement I's second technique, two types o aser are,

; f’or exanpd ear?‘ﬂﬁ@xb;l%li%ﬂ@%’té&@ﬁ@@lﬂﬂd. By way of example of a '

| phdtoresist, mention may be made of the PROBIMER range
sold by Vantico. The compound capable of inducing
subsequent metallization is in principle introduced.
into these photoresists befo;e the lgfer is formed.

10 . The thicknéss of the photoresist is such that
there is sufficient insulation between two layers of
conducting material. Advantageously, it is less than
100 pm,;for example between 10 and 20 pm, preferably
between 20 and 40 ﬁm. The dielectric permittivity of

15 the layer is advantagebusly less than 5.

The compound capable 6f inducing subsequent
metallization is used to produce a metallization after
a treatment, for example by a treatment resulting in
the formation of a sublayer. Tréatments that can be

20 used will be described below.

During step b), the first layer of résist is
irradiated and then-develOped. Depending én‘thernature
of the photoresist - positiVe‘or negative — the parts
removed during the developing operation are the

25 irradiated or unirradiated parts.

The operations of irradiating and of
developing a layer of photoresist, so as to expose

parts of subjacent layers, are known to those skilled




20 in the infrared (thermal LDI) ‘and a WV | aser ‘operating in the 330-370

“nmwavel ength range (UV-LDI). Step c) itself conpri §gﬁggﬁ? SLERS;: There

- are several ways of inplenenting step c), correspondi ng Ff érent
"sequences of steps. Three sequences 25 corresponding to different
~particular nethods of inplenentation will be explained below During step

c), a second |ayer of photoresist 1is uk®d. Advant ageousl y, the second

| ayer does not 28 Septenber 2005 12 contain a conpound capabl e of inducing

subsequent netalllzatlon The resist for the second | ayer may be chosen

fron1p05|t|vénoF fedhtt vEWBhbEERREFNES. Kpun | Ey@R Wa§ Blbeaforned by
application in solution in a solvent and/or in the form of

an uncrossl i Ake e%YLﬁe5$&£P€%8 By may of exanple of a resist, nention may

b d f the PROBI . Vant Th f
pﬁotg?egigts garticul ?y ?%@t 60??%§¥ o%@ ico@dl §+%% gﬁ%&é@%Fr

approprlate,ogt8§§%opggfggdgg£h$ aggeaéfgﬁmr $% such. as pul verul ent

mneral fillers ese’ my xanpl e i'um carbonate particles.

The presesce of such fihlesscondat LbohlAiLYid Nediesdidatydavasy may i mprove

the 15 cohesion of the neta ayers and 1 nprove therr “adhesion. The

particle size.9fet h@lfé& effiad Sn&NosEMSPuASEd O @ﬁ&@@%&ﬁ)&l&élwéﬂﬂ the

process of applying t
the photore51st.

This technique is advantagecus from.fhe-

economic standpoin£ since it does not require the use
. 10 of a mask.

According té this second technigue, the
photoresist is selectively irradiafed, pixel by pixel,
.by a laser beam scanning the surface of the dielectric
coated with photoresist.

15 = | The solubilizable parts of'thé resist are
then removed in the same way as in the conventional
technlque u51ng p051t1ve and negative photore51sts

To implement this second technique, two types
of laser are, for example, suitable: a laser operatiﬁg

- 20 in the infrared {thermal LDI) and a UV laser operating
in the-330—370 nm wavelength range (UV—LDI).

Step c) itself comprises several steps. There
are several ways of implementing stép c), corresponding
to different sequences'of steps. Three sequences

25"Corresponding;to different particular méthods_éf
implementation will be explained below.

During step c), a second layer of photoresist

~is used. Advantageously, the second layer does not




resists. During step c), the second layer is 20 irradiated and then

devel oped so as to expose certain parts of the fir I r f the

substrate and/or of certain nmetal | ayer parts forné% be %Fg%%%é%@ggond

| ayer has been fornmed. The nature of the. exposed parts may vary dependi ng

on the particular nethods of 25 inplenentation that are used. Methods of

i npl ementation wll be described bel ow!? For exanple, in the case of a

first method of inplenentation, certain parts of the first |layer and the

parts exposed duri.ng step b) of the 28 Septenber 2005 13 substrate are

exposed and,CPH%?ﬁB €a§8RBPLBFhEFPﬁBiﬁ08§ lBQBFﬁBFeﬁﬁﬂﬁﬁﬁpﬁﬂF certain parts

-.of a netal I%%gg formed over the entire surface of the first |ayer are
exposed. Depen |&& 6f “thE nature of the photoresist 5 positive or negative

- the parts removed duning,fhe., deyel opoeOL opgr 8Lion ALe Lhe phiagi ated of

unirradiated parts. Thé I'rradiati on-and developnen | ayer of

phot or esi st %mbﬁo§§E558d09“§ﬁg§%99et ﬁotégeg?épggSngsfg%Q§dm%9Lythe

first layer of photoresist. racks and mcrovias are T0Orne
met al |'i zatsi 0BeO¥8Emakl b9l apal kot 1 8HT §ACER NObrmPE B £CEETLBYA e, SgcONd

| ayer - of photoresist, either, before the |atter has been applied or after
certain 15 pablisent thea/batigrthaveobgessr eAvyedrodttinked stage-A
| fluid. By way of example of a fesist, mention may be
made of the PROBIMER range. sold by Vantico.
The layers of photoresists, particularly‘the.
10 first one, may include, where appiopriate, other
-ﬁonconducting and inert compounds, such as pulverulent
mineral fillers. These may bé, for example, calcium
carbonate particles. The presence of such fillers,
particularly in the first layer, may improve the
15 -cohesion of the metal layers forméd and improve théir
adhesion. The particle size of the fillers is chosen so
: as to belcompatible with the process of applying the
resists.
During step c)}, the second layer is
20 irradiated and then developed so as to eipOSe certain
parts of the first layer and/or of the substrate and/or
éf certain metal layer parts formed before the second
layerrhaS'been formed. The nature of the exposed parts
may vary depending on the particular methods of
25 implementation that are used. Methods of implementatién
will be described below. For example, in the case of a
.first method of implementation, certain parts of the

first layer and the parts exposed during step b) of the.




‘netal lization may be carried out electrochemcally (electrolessly) and/or

- electrochemcally (wwth a current). The latter prog§§%é§%é%%é% 005
-particularly preferred as it is nore rapid. In addition, it my 2be

carried out in acid medium thereby preventing the photosen3|t|ve | ayers
fromswelling and thus inproving the pOf'tioning precision for the various
irradiation and devel opnent steps and %proving thereliability and
longevity of the circuitries. For electrolytic 25 netallization it is

d th t f bl
oo 290 kB DRRER: £xf tapanfiLrads) Thethr Poss ioh TEMEE drRoEE S har e,
uhi oh 1.s desr pedh! e%§a§eggen§>srtg99 3. LikpW SR Lo shegt rol viic
metallization; ?ﬁ curreht)y 1sa c nventlonal al so

descri bed in ggﬁgglgpg QfeﬁP#¥89£%§¥é§%C8f[{ |np st P ePG%ﬁe exanpl e

According to a particula y pretferred ne enen

e”bOd'”Eﬂts,ekB@seHEtéé%éﬁé&h&non“@ﬁéhﬁét@iécéf0@@@%&5@%0€63f§€01r0|ytlC
is continued until | ayer having a thickness  of at least 5 pm .

_preferablyg apbbi €kPessrOhehst YREN- 10he APEr20 PdhotSd AldiRi M@dehSt ep ¢)
‘conprises, advantageously before the netallization, a step of formng a
subl ayer. capablelopmehei et b i Zes. tﬁ@cmﬁa@w)tt@yejsrl s formed on the
| | unirradiated parts. B |
| The irradiatiog and development of the secdnd
layer of photoresist may be carried out using thev
10 methods described for the first layer of photoresist;

The tracks and microvias are iormed'by-
metallization over all or part of surfaces not |
protected by the second layer of photoresisf, either.

before the lafter has been applied or after certain
15 parts of the latter have been removed. The |
 meﬁallization may be carried out electrochemically
(electrolessly) and/or electrochemicall?r(with a
current) . The_létper process is more particularly
preferred as it is more rapid. In additién, it may be
20 carried out in acid medium,‘thereby preventing the
| photosensitive layers from sweiling and tﬁus improving
the positioning precision for the various irradiation
and development steps and improving the réliability and
longevity of the circuitries. For electrolytlc
25 metalllzatlon it is advantageous to operate w1th
- increasing current. The metal is preferably copper,
Electrochemical (electroless) metallization

is a known technique, which is described in




surface of the first |ayer of photoresist, or on the surface of exposed

parts of the first layer wwth selective protection of 4 éH%F¥ Reyd s by
S %gx;we are 3

the second |ayer. Depending on the case, the subl ayer

continuous or discontinuous and nay or may not be directly suitable for
electrolytic netallization. On the otRgr hand, they are always suitable
for electrochemcal netallization. In this case, the electrochem ca
deposition of netal is catalysed by the sublayer, and the netallization is
equi valent to those usihgwpsd) acheinlerctpladlitienneTsl dBithists, of producti on
for obtaining a sublayer capable of being netallized are preferred.
Accordi ng to(aithratcuetdrgd dfs pr edusiengibhel subtlayerye tdiscconpound capabl e
- of inducing subsequent 28 Septenber 2005 15 According to a first nethod of
pr oduci ng th@esgﬁih%@wﬂn Bty (depseldad of apablee vf S¢imhurs nd asubsédquent

metal lization is _chosen fromthe abovenentioned netal oxides and the

subl ayer i s PBrn@@lb@3bringing the first 5 layer or ﬁxposeglparts Ff thebI
first layer into contact with a solution of a salt of a noble netal capable
of beiné reduced by PRI BT i'Q &5 P CHG 2P AY sPERERE I3 Hthosyers may be

brought int cont th. he solu |on The |l atter has no 10 useful
action on thgge 'ﬁ ﬁ% eTﬁﬁgmp © c GHPP ot & SisdBl€ayer of noble netal

s forngd Onmégﬁﬁf?%§¥¥%£, whether electrochemical or electrolytic,

is continued until a metal layer having a thickness
of at least 5 um, preferably a thickness of between 10
~and 20 upm, is obtained.

Step ¢) comprises, advantageously before the
metallization, a step of forming a sublayer capable of
being metallized. Such a sublayer is formed on the
surface of the first layer of photoresist, or on the
surface of exposed parts of the first layer with
selective protection of the other parts by the second
layer. Depending on the case, the sublayers formed are
continuous or discontinucus and may or may not be
directly suitable for electrolytic metallization. On
the other hand, they are always suitable for
electrochemical metallization. In this case, the
electrochemical deposition of metal is catalysed by the
sublayer, and the metallization is equivalent to those
using palladium or platinum.

Two methods of production for obtaining a
sublayer capable of being metallized are preferred.

According to a first method of producing the

sublayer, the compound capable of inducing subsequent




surface of the first layer. The [lacuna] resistivity of the sublayer is
between 106. and 103 f2/E]. It is preferably less thay 103,12/11 -FRis
allows 15 'el ectrochem cal netallization to be carried out, pre?erably
“with increasing current. It should be pointed out by way of i ndi cation
that the cohesion of the sublayer inprqves as the concentration of oxide
particles increases. 20 As preferred sdi-utions of noble netal salts,

mention may be nade of At, Ag, Rh, Pd, Cs, Ir -and Pt salt solutlons with a
counterion chosen fro

| d-  NO -3 c7. Th )
be carried out by d B‘”yﬁﬁ?gfcmgo t[%eaag‘gﬁﬁﬁd‘a? by SOE’E}CO”%EJC i Heetse ™

passage of | l.er e soI | e t. er al
acidic, w t%u}ﬁ St B 1;: Ween dal%%g Jgfe era%] f be"fowe&h&%r% and 2.5,
The' pH may t IS dv,

Sept enber 2 taclg’qzragélt?%pflg%t er rmr e m etsh-l%]ta%posegﬁr{gé to CFI m t t

swel i ng of LhedLsdrst e@/esru%léwxcflé adeasndl] 362 Yrii ndiagy %H@@l‘i@t

Excell ent. definition and excell'ent . planarity are therefore obtained using

- this firg Sawihed expgyReugaiad hef GiH WilrdteS.ayldr Shad ddigadtenti oned
‘that the treatnent with an acid solution of noblé netal salts may be

preceded by wiithsian@oliitdican ofae dadal Wi enndudre examll eapdieacdt i ¢ acid,

(if the first layer of photoresist contains calcium carbonate
being reduced by oxide particles.

During this step, other layers may be brought
~into .contact with the solution. The latter .has no |

10. useful action on-these other layers. Thus, a coﬁtinuous
sublayer of noble metal is formed on-the,exposed
éu&face of the first layer. The [lacunal resistivity of
the sublayer is between 10° and 10° Q/00. It is
ﬁreferably less than 10° Q/[]. This allows

15 jelectrochemical metallizatidn'to be carried out,
prefefably with increaéing'current. It should be
pointed out by way of indication that the‘cdhesion of
the sublayer improves as the-concentrafion of oxide

 particles. increases.

20 ' As preferred solutions of noble metal sélts,
mention may be made of Au, Ag, Rh, Pd, Cs, Ir and Pt
Aéalt éolutions with a counterion chosen from'Cl", NO ™5
and CH;COO . Thé cﬁntacting prOCess méy be carried out
by dipping into the solutiocn, by spraying or by the

25 passage of a roller. The solution of noble metal salt
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

contreolled by adding acid. This treatment in acid




10 particles. This rinsing nakes it possible to increase the roughness of

the surface, the cal ciumcarbonate particles presenly an tt%ﬁ]bggrfz%g bei ng
- di ssolved, and thus to inprove the adhesion of the net aF fi1ms. “Fof the

first nmethod of form ng a sublayer, 15 the netal oxide particles are _
preferably chosen from MO N O Cu20 gand SnO and are preferably contained
in the first layer in an anount of 2.5-90% by wei ght, even nore

" preferably in an anount of 10-30% The preferred netal oxide is cuprous

i . h | ut]j i t. t 10-5 [ /1,
o etorabiy SRl ARG o LD B2 L PR SR X 0o B PR | A ”‘; |
i i i ss_t han mis
cont  nucuo suBLAYel, ole oble-deial feyag Ailueluees, oldeos, than 1o
Lmpr ovi ng e 28 Ghdd . OfxLP1 SoNNECH 0N bt Algeg Al et al | zat i on.

By way of salts than can be used, nention may AuBr 3 (HAuBr4),

AuCl3: (HAUCKA)ardri 2&95@1tﬁéfé’%r@%@éﬁleéidé/ﬁ{%mafﬁsﬁga 03, AgC104,
28 Sept enmber 2005 17 AgOCN, AgNGB, Ag2SH4, Rud 4.5H20, RhC13- H20,

Rn(NGB) 2. 2Hafk t hdRh {5 S8y e @HBEEX) £ 1 £ 2 (8O R uhiHA)

- Rh2(SM)3.15H20, Pdd 2, PdCl12.2H20, PdSO4, PdSO4-2H2O, Pd(CH3COO) 2, (OSCil4,
. 0Sd 3., CsCrger3likgtsd Gtant; thBridreiient IwidllR,ar rdd iy dolidd Br#l, H2PtCl 6
. 6H20, PtC 4, PtCl13, Pt(S04)2.4H20 and Pt(COC12)C 2, and correspondi ng

- conpl.exes suhles MetRICISE 1 {NHB Y T ik qadéet) DPACIEling with an

acid solutidn, for example with acetic acid, if the
'first layer of photoresist contains calcium carbonate
10 particles. This rinsiﬁg makeé it possible to increase
the roughness of the surface, the caléium carbonate
 particles present on the surface being dissolved,'an&
thus to improve the adhesion of the metal films.
,Fb; the first method of fofming a sublayer,
15 the metal oxide particles are preferably chosen from
MnQ, NiO, Cu20~and Snorand.are preférably contained in
the first layer in an amount of 2.5-90% by weight, even
more p:eferably in an amount of 10-30%. The preferred
metal oxide is cﬁprous oxide Cuz0. Advantageously, ﬁhé
20 solution contains at least 107° mol/1l, preferably
between 0.0005 and 0.005 mol/1, of noble metal salt. A
-éontinuous sublayer of noble metal havingra thickness
of less than 1 pm is obtained. The sublayer obtained
exhibits excellent*uniformity, thereby improving the
25 qualify'of the connections obtained after
metallization. By way of salts than can be uséd,
mention may be made of AuBr; (HAuErq), AuCls (HAuCl,) or

Auy,Clg, silver acetate, silver benzoate, AgBrOs;, AgCl0O,,




" PdA 6 or KAuCl4. The subl ayer obtai ned is particul arly well- 10 suited to

el ectrolytic netallization. For exanple, electrolytigc S’Hi)tt%tr)r{b'ezratz'o% wth
--an increasing current may be used. The formation of t he “sublayer within

the context of the first method may especially conprise the 15 follow ng
- operations: exposure of the netal oxi delparti cles contained in the first
| ayer of photoresist. This operation is "preferably carried out by al kaline
etching (for exanple using a sodi um hydroxide or potassi um 20 hydroxi de

ossi bly i n %%%“%%@@%“%&Pﬁ?d%@g T %E@&r R o e o
e oal ci um ATt e 4] Z?Pﬂ%*ﬁ%b&%??%% Y2 Ght 1y rough by hoid |

~etching. This = al § 9@2(35 EFH@E er ahky, gbdatfdéd“ mMpl88, - Apgr ation of

formng the met al sub ayer; ete 5 18 - formngaéontlnuous

nmetal subl ayled{ (©fdambl.e @g'@gl @ycgaontcascéhngﬂg\@t t'bgpé,aqq@qgsmggl d solution
of a noble rret al” salt. By vvay of indication, it should bé nentioned that

- the isubl ayerIobtgi meeti,s 5rg§nep@$f,,y, ai,pPeooat emee, | Byer,,siphea,f he nobl e
.'nEta | Pt(SQ4)2-4H20 and Pt (COClz)Cl,, and corresponding
complexes such as NaAuCl,, (NH,), PdCl, {NH4)2 PdClg, K
PdClg of KAuCl,.
The  sublayer obtained is particulariy well-
10 'suited to‘electrqutic metallizatiOn, For example,
electrolytic metallization with an incréasing cufrent
may be used.
‘Tﬁe‘formation of the sublayer within the
-éontexf of the first method may especially comprise the
15 foilqwing operétions: |
- exposure of the metal oxide particies contained in
‘the first layér of photoresist. This operatibn is
‘preferably-carried.out by’aikaline etching (for
exaﬁple using a sodium hydrbxide or potassium
20 - hydroxide solution in aqueous/alcoholic medium)
and then rinsing with water, possibly in an
Aultfasonic bath, so as to remove the oXide
particles exposed;
- if the first layer of photoresist contains inert
25 - fillers, such as calcium carbonate fillers, the
surface is made slightly rough by acid efching.
This operation is preferably separate from the

operation of forming the metal sublayer;




acts as a barrier to continuation of the oxidation-reduction reaction. The
“layer is continuous as sone of the netal oxide pargkpkﬁimeQQJQa%%ogons by
. dlssolutlon These ions react in 1Q aqueous nediumw th the no Sbl & “ret al
salt,  reducing this nmetal, which is deposited, thus filling the _
inter-particle spaces. The reaction is all the nore effective and econom c
‘the nore confined the aqueous. noble rétal salt nmedium For this reason,
15 it is preferred to carry out the reaction in a thin layer, that is to
say by i-nmersion .in the solution containing the noble netal salt, and to
remove it as soorf AP s3 b?@talfftlé?%ﬁ%%ta}rr'ﬁél Treatet i9n noke® feited pl ace in
t he agueous solutlon 20 | a entrained wwth the object. According to a
second nethod of pf Jt% W%Iady@rquec%'ccﬁﬁ}&t %ﬁé’@l &%of i nduci ng

subsequent netal I atl o sen. fromt abov nt i on oxi des
and tﬂe subl ayer n%alﬁysagr gaynd"a[yheohfl f%o&e hé’k‘géised parts
of the first la i t cont t abI e of reducin
. the oxi-de part%/g{ npelg%l Cfccr% %%%&%éﬁ%g %lr}ls dg?%p, ot her | ayersg
_ ‘be b ht i hel
usetul action on Theatd “‘“f“% e SSAG 2aE o Rob LMD

useful action on con uctlng formis

- fdrned On the SL”Jéﬁgaég d Muddiest to continuation of the

oxidation-reduction reaction5 The layer is
continuous as some of the metal oxide particles
rélease ions by dissclution. These ions reéct in
10 aquebus medium with the noble metal salt, reducing
this metal, which is deposited, thus filling the
inter-particle spaces. The ;eaction_is all the
more effectivé'and economic the more confined the
aqueous.noble;metal salt medium. Fo; this reason,
:15 it is preferred to carry out the reaction in a.
"thin layer, that is té.say by immersion in the
soiution containing the noble metai salt, and to
- remove it as soon as possible afterwards. The
reaction then takes place in the agueous solution
20 | layer entrained with the object.
According to a second method of producing the
sublayer, the compound capable of inducing subsequent
: meté;lization is cheosen from the abovementioned‘metal
oxides and the sublayer is fbrmed by bringing the first.
25 layer or exposed parts of the first léyer‘into contact
:with a reducing agent capable of reducing the oxide

particles.




"5 layer fromthe netal oxide. Wthin the context of the second method of

form ng the sublayer, the preferred netal oxide is UpRr i.d 20. .
. According to this nmethod, the first |ayer advantagg§u§F %%gﬁééi%g rom 10
'to 90% 10 preferably from25 to 90% by weight of nmetal oxide. In an
alternative form it contains |ess than 10% cuprous oxi de. Dependi ng on
the case, the sublayer forned is contih%ous or discontinuous, and has a:
-surface resistivity of between 0.01 and 106 15 The surface resistivity
that it is possible to achieve in the sublayer depends on the conposition
~of the first |ayer of PhbtBPeki4%. STEPshobnel b2 P hilerl Rrutbigughly of -
indication that the cohesion of the sublayer is better the higher the

concentrati oh?bP 28PbXFHe"PaPt Hof e5eIYFERG t3ELH T StRI2RAV Y phot or esi st
consists - of fr 10 to 90% by, weight of netal. oxide; _fromO to 0% o
by, wei ght ofu%ﬁgg%raﬁﬁ+%niﬂ%r¥h%ﬂd %%bﬁﬁd%@b%ﬁye?i9§eﬁ%éﬂ%ﬁéi?9 m 10 to
90% by wei gh . 25 resisi. the reduction is vant ageousl y
‘continued un ?ﬁéugeg%g?%%%mrégi%?$$$ yo%ft > 010103 0/0'F & ined. In

general, @ cPRLLPUPHS,SHDL ayeLi SoePiai ned. The continuity and the surface
resistivitiesg¥eached'nake Zg{%eﬁ%eﬁ%er 2005 20 it possible in particular

| ~to use direct electrolyitiinmeidlddiadiOn P& SMHAKRIthdPlo£xanmpl e,

forming the sublayer, the preferred metal oxide is
cuprous oxide Cuy,0. According to this ﬁethod, the first
layer advantégeously contains from 10 to 90%,

10 preferably from 25 to 90%, by weight of metal oxide. In
an alternative form, it contains less than 10% cuprous
oxide. Depending on the case, the sublayer formed is
continuous or discontinuous, and has a surface
resistivity of between 0.01 and 10° Q/0O0.

15 | The surface resistivity that it is possible
to achieve in the sublayer depends on the composition
of the first layer of photoresist. It should be pointed
out by way of indication that the cohesion of the
sublayer is better the higher.ﬁhe concentration of

20 oxide particles.

When the first layer of photoresist.consists,
of from 10 to 90% by weight of métal-oxide; from 0 to
50% by weight of one or more inert and nonconducting
fillers; and from 10 to 90% by weight of polymer
25 resist, the reduction is advantageously continued until
a surface resistivity of 0.01 to 10° Q/O0 is obtained.
In general, a continuous sublayer is obtained. The

continuity and the surface resistivities reached make




" electrolytic metal lization with increasi ng current may be used. 5 Wen the
first layer of photoresist consists of |ess than 109% gt of t al
oxide; fromO to 50% by weight of one or nore iner E@alrg{ Pﬁ%kﬂconduc?ﬁg
fillers; and fromb50 to 90% by wei ght of polynmer resist, the reduction is -
~advant ageously continued until 10 a surface resistivity greater than 106

52/11 is obtained.. In this case, the Zublayer nmay have discontinuities.
The conti nuous or discontinuous sublayer also allows catal ysis of the
subsequent netal deposit while still being conpletely conpatible with it.

15 More specif iR@HI3P1e His rREpl HelPs & UshHrdviect el ediesidiof the
subsequent netal_ deposit, while preventing any break in the electrical
conduct i on W%t 23te et | iR S Wk e - A ti%n of the subl ayer
wi thin the 0 cont.ext, of the second nethqd may especially comprise the
ol lows ot epste SRS o1 tHe TR A ORIt IS AL TG 1Y the
first layer ,of Lpsho oresist. This operationis preferably carried out by
‘al kal i ne et Cthl ng (f'or 25 exanpl e using a sodi um hydroxi de or potassium

o) e soLut T on L UL AP TP Th BTG g
particles ex3088is than 10% by weight of metal oxide; from 0 to
| 50% by weighﬁ of one or more inert and nonconducting 
fillers; and from 50 to 90% by weight of polymer

resist, the reductibn is adﬁantagebusly continuéd until

10 a surface resistivity greater than 10° Q/[0 is obtained.

In this case, fhe sublayer may have discontinuities.

The continuous or discontinuous sublayer also
allows catalysis of the subsequent metal'dep§sit while
still béing completely compatible ﬁith it. |
15 More specifically, this step helps to improve
the adhesion Qf the subsequent metal deposit, wﬁile

'preventing any break in the electrical conducﬁion

within the metallized vias.

The formation of the sublayer within the-
20 context of the se;ond method may especially comprise
the follows steps:-:

- exposure of the metal oxide particles contained in
the first layér of photoresist. This operation is
preferably carried out by alkaline etching {(for

25 example using a sodium.hydroxide or potassiuﬁ
hydroxide solution in agueous/alcoholic médium)

and then rinsing with water, possibly in an




if the first layer of photoresist contains inert fillers, such as cal cium

carbonate fillers, the 5 surface is nmade slightly r hi ng.
. This operation is preferably separate fromthe opeggfg%ﬁn¥¥ﬁ%orﬁﬁﬁg t he

nmetal sublayer; formation of a netal sublayer by contacting with an
aqueous sol ution containing a reducing agent. 10 The subl ayer is preferably
formed as a thin layer, Dby inmmersion i an aqueous sol ution containing the
reduci ng agent, and i nmedi ate reanaI according to a principle simlar
to.that- descri bed above. |nd|cat|on it should be pointed 15 out
that when the net%.t%&?ﬂ%lgsb Up?%u%SOR?d%em?%ﬁt DX copper is
reduced to the CuH st at in which state the copper acts as a catalyst for
the formation ofp?¥ﬁﬁgﬁkﬁa?§903?? there is excess CuH, this is slowy

ted int | at te t the 20 hydr. di f f usi
{0t he outside, o et e R R R MRt R e w11 not
b d f d || .
e mentione “rf{ﬁef-ﬁ é@%\‘?r%“:@ai’}‘:ﬂm SR Y, %@esknﬁ[dfl droﬁl natt tal layer

In order to carry out 'e Teductlon person e art may

.'sel ect any one Ofsﬁ%é@%IMe% ggn 5yrfcolalca:l t}pg met al oxi de
to metal of . oxidation state ept enber 2005 22 Achieving the desired
- resistivity Va|U€§hls operation is preferably separate from the
operation of'formihg the metal sublayer;
- formation;of a metal sublayer by contacting wifh
anlaqﬁe6US sélution containing a reducing‘agent.
10 The’Sublayer is preferably formed as a thin layer,
by immersion in an agueous solution containing the
reducing agent, and immediate removal, according |
.fo,a prinéiﬁle similar to.that described above.
.By way of indication, it should be pointed
15 out that when the metalloxide is a cuprous oxide, part
of the coppér.is reduced to the CuH state, in which
state the copper acts as a catalyst for the formation
of the sublayer. If there is eXcess CﬁH;-this is slowly
converted into copper metal at room temperature, the
20 hydrogen diffusing to the outside. Hereafter,vthe
presence of this transient hydride will not be
| mentioned further and reference will simply be made to
a metal layer. |
In order tc carry out the reduction, a person
25 skilled in the art may select any one of the reducing

agents capable of reducing the metal oxide to metal of

oxidation state 0.




-during this step will depend, on the one hand, on the proportions and on

- the nature of the netal oxide contained in the polyyger dudif OrgHsng t he
-dielectric 5 and, on the other hand, on the extent &?yfﬁﬁﬁ%e uction

carried out, especially on the type of reducing agent wused and the prior
stripping step. The nature of the netal |ayer deposited varies depending
on the type of reducing agent used and 220 on the nature of the netal oxi de
~to be reduced. According to a preferred nmethod of inplenmenting the

i nvention, the reducin ent is baor ohydr;i de.., The action_of borohydri des
when the netal oxide %§%gegﬁﬁﬂoﬁgeogﬁaé¥?§ G8SePFbEYt Hovelupecifical ly 15

bel ow. Cu20 is reduced to metallic b tjonof a borohydride.
By using hi EUEJRE G LPodiebng AbeAEECrHe OhayBF POFnRGRdn PhcCERrfAce of

t he dielectrkggggr%iogg o] t%ﬂugﬁg_RgFg%écggbkggﬁu%E%'tg%%%ayer of copper.

The bor ohydr that can be uséd’inc fiydri des as wel |

as unsubstit : ohydri.de t] : rigdes..i ich at npst
three,hydroggﬁﬁgféﬁgaogxtEggbgﬁéﬁgg?igée%gg ﬁgégb%ge%g 5d%€%¥£%%ﬁcmjth

_subst i t uest Sawhi,CBnakBei BERErUAGRE, L BE thEJUELERn SONGLLI PUS,-SHGH as for
~exanple with alkyl radicals, aryl radicals and al koxy radicals, nay be
used. Preferabkyiedl katjnesperohytyi 88stReecyis€dof NrL8aSERY exdhest 2005
| used and the prior stripping step: |

The nature of the mefal iayer_depoSited
varies'depending bn-the type of reducing agent used and
10- on the nature of the metal oxide to be_reducedf
According fo a preferred method of implementing the
invention, the reducing agent is a borohfdride.
The action of borohydrideé when the metal
oxide is a cuprous oxide is described more specificallj
15 below. |
Cuz0 is reduced to metallic copper by the
action of a borohydride.
By .using this tyﬁe of reducing agent, thé
layer formed on the surface of the dielectric is a
20 continuous or discontinuous metal layer of copper.
The borchydrides that can be used includé
- substituted borohydrides as well as unsubstituted
boroh?dridés. Substituted borohydrides in which at most
three hydrogen atoms -of the borohydride ion'haﬁe béen“
25 replaced with substituents which are inert under the
reduction conditions, such as for example with alkyl
radicals, aryl radicals and alkoxy radicals, may be

~used. Preferably, alkaline borohydrides are used in




" 23 which the alkaline part consists of'sodiumor potassium Typical
exanpl es of conpounds that are suitable are: sodi “@Bbgre?)@éﬂr%'e‘}em@@t assi um

. borohydride, sodium diethyl borohydride and pot assi um

tri phenyl borohydride. The reducing treatnent is carried out sinply by
bringing the dielectric surface into contact with a solution of the
borohydride in water or in a mxture of23 water and of an inert pol ar

sol vent such as, for 10 exarrpl e, a lower aliphatic alcohol. Preference is

given to pur eI bor ohyd solutions. The concentration of these -

sol utions rra‘§/h rglh%v%;[]l‘@\ﬂfeell??ﬁ‘t SCHRHF S pcrjgfsé’r 9% es between 0.05
and 1%(by vvel ht of a{,lve drogm?r;hof the 15 bor |tde |n t he

sol ut i on)' ?%%Whg YRt car eLHl gh t enper at ur e;

however, fe red t o,do er.at.ur ose to room-

t enper at ure él?%?%ﬁ%n% Te be?%%nrlt %%rrltgd%]d%) \%%S%rlgigard to the execution

_of t he react uI 0 OH)3 and to
V&] érféﬂé’ Wtd%&@%@& &r ﬁ( fett s%l'%ﬁn

i ons, ave the creasi‘ng t medi um duri ng

the reducgr o&lﬂ)—p&e}yﬂg@r@t o pH  val ues, for exarrpl e gr eat er than 13,
the rate of reduction is decreased SO that it my be advantageous 25 to

~operate in a buffered theéilmls@@@ ﬁ@g@\(@@ ‘Meldar rdefd red rsqd@qtyr on rate
By varying mainly the treatnment tinme, it is
by bringing the dlelectrlc surface into contact w1th a
~solution of the borchydride in water or in a mlxture of
water and of an inert polar solvent such as,_fcr
- 10 example, a lower allphatlc alcohol.
| Preference is given to purely borohydride
solutions. The concentration of these solutions may
cary over wide limits and it preferably lies between
0.05 and 1% (by weigﬁt of active hydrogen of the
‘15 borohyd;ide in the solution). The reducing treatment
may be carried out at high temperature; howevei,.it is
preferred to do so at a temperature close td rocm
temperature, for.example between 15 and 30°C. With
regard to-the execution cf the reaction, it should be
20 noted that it gives rise to B(OH)3 and to OH™ ions,
which have the effect of increasing the pH of the
| medium during the reductioa. However, at high pH
values, for example greater than 13, the rate of
reduction ia decreased so that it may be advantageoue
25 to operate in a buffered medium so as to have a well-
defined reduction rate.
By varying mainly the treatment time, it is

possible to easily control the extent of the reduction.
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24 desired values, the treatnent tinme necessary is Z%e%%r%lh%egubb%5$hort
€ is

and, depending on the anounts of oxide included in‘"the e ctric,

usual Iy between about one mnute and about fifteen mnutes. For a given
treatment time, it is possible to furthgr vary the reduction rate by
addi ng various accelerators to the nedium such as for exanple boric acid,
oxalic acid, <citric acid, tartaric acid or metal chlorides such as

cobal t (1) chdoride vanekel (dhd chlorhsde: paRoaneseldd)y chloride and

copper(l1) chloride. It is also possible to vary the anount of borohydride

used so as t@EOMID) diterexdiehtt odnd NedepSeUcid b Fhdrafaiied operating
met hod consists in dipping the substrate to be reduced into a relatively
vi scous bor odwyidie densbhdid oin atrtde tdiesl ¢dt s ¢ hdiawingal T hebsubsdr ate in
order to allow the reduction operation to take place in air. The anount of
bor ohydri de dlomst By micosumed dbpehdfidne¢hmeninstosi tRpr BheiBkbd-
therefore reacts in a thin layer on the surface to be reduced. This
-process al so-¥eatnert ddivemt age of Presitelre tonfwriber ivagt Héd nitial bath
nor of destabilizing it. The exact and precise conditions of the reduction
by the borohRF Vel &t erakft PUs2IhTEe Valesds e e EEEE 094 . thovnever, it

nmust be understood that, vwghin t he coq;exi of the exgpple enbodi nment s,
medium, such as for example boric acid, oxalic acid,

citric acid, tartaric acid or metal chlorides such as
cobalt (IT) chloride, nickel(II) chloride, manganese{II)
chloride and copper(II) chloride.

It is also possible to vary the amount of
borohydride used so as to control the extent of the
reduction. A preferred operating method consists in
dipping the substrate to be reduced into a relatively
viscous borohydride solution and then in withdrawing
the substrate in order to allow the reduction operation
to take place in air. The amount of borohydride ions
BH{'conéumed depends on the viscosity. The BHg
therefore reacts in a thin layer on the surface to be
reduced. This process alsc has the advantage of neither
contaminating the initial bath nor of destabilizing it.

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

reduced.
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25 The netal lizations on the sublayer are produced gs é@‘#érﬂ%ezd pve.
During the production of the circuitry level, the layer ‘of photoresist is

renoved. This operation may be carried out in various steps dependi ng on
the method of inplenmentation. The renpwal may be carried out by

di ssolving or stripping. The techniques of conpletely renoving a |ayer of
photoresist are known. The renoval is easier if the second |ayer of
photoresi st is not in @necadevbatkizstades obn citie. sulPreferabty, it is in the
A-stage during its renmoval. The process may include a treatnment step

i ntended to pradecefeasipaptiayed dpovdsul ating photoresist in an advanced

state of cure, for ex | e the B-stage. The treatnent may, for exanple,
consist in a curing opersty dme REARIShierePibiecatFrettoutlefaler the

second | ayer resi st n.reppved. . The . treatnment gives the
circuitries gr?%aaj? é%toﬁiqﬁﬁg&%%sgg}%t ﬁ%ﬁ%}‘?‘{ﬁ%‘r eater Oé)lerifgar%ﬁogngllayst ability,

and thus al howsatheplAgenent L ea5ESLER _Qfdéﬁ&&fﬂqa(grﬁtﬂh%nﬁ%'%go

devel opment steps to be inproved. In addition, It imts t \M% l'ing
~ phenonena i nof hempbahastati €ONtEEE ravhdal hea s abaitdons; asesidusy ng the
various treatnents. The process is particularly suitable for the
dissolving or stripping. The techniques of completely
removing a layer of photoresist are known.
The removal is easier if the second layer of
photoresist is not in an advanced state of cure.
Preferably, it is in the A-stage during its removal.
The process may include a treatment step
intended to place the first layer of insulating
photoresist in an advanced state of cure, for example
the B-stage. The treatment may, for example; consist in
a curing operation. It is preferably carried out after
the second layer of photoresist has been removed. The
treatment gives the circuitries greater stability,
particularly greater dimensional stability, and thus
allows the placement precision of the irradiation and
development steps to be improved. In addition, it
limits the swelling phenomena in the resins in contact
with the‘solutions used during the various treatments.
The process is particularly suitable for the
production of printed circuits and of multilayer
modules having a high integration density.
Further details and advantages of the

exanple embodiments will become more clearly apparent




production of printed circuits and of nmultilayer nodules having a high
integration density. Further details and advant ages I

enbodi ments will becone nore clearly apparent 28 Seﬁ%ié%%%?ﬁﬁ%?q%gaﬁlthe
i ght of the particular nmethods of inplenmentation given below More
specifically, three nethods of i npl engpt ation are presented, these being
illustrated by figures showi ng schematic cross- sectional views of the
circuitries produced by a process according to the exanple enbodi nents at
various stepsnithéheighocessch&igareschBirtmetig)ds epresent the circuitry at
the various steps in the process according to the first nethod of

i npl ement at | onpléigurasion)giverhelepr ddem $shectiicallyy tdtred he vari ous
steps in the process according to the second nmethod of inplenmentation.
Figures 3a) TetBPysrepreBehtrenertior@¥e ywresentrdyarhois kel in the

i to the third t hod of inpl fation. Figures 4a) to
ey T opr ocent L AOREFEEPRvRY TR 5P B e P T e pr ocess.

pccording t0-8c155hMPLA00 OF Lip! eIRALALI o0, Afe,pLOSESS ponpri ses the

following steps: a ormng, on a su avi ng
process according to the example embodiments at

various steps in the process.

Figures la} to lg) represent the circuitry at
the various steps in the process according to the first
method of implementation.

Figures Z2a) to 2h) represent the circuitry at
the wvarious steps in the process according to the
second method of implementation.

Figures 3a) to 3i) represent the circuitry at
the various steps in the process according to the third
method of implementation.

Figures 4a) to 4c) represent a multilevel
circuitry at various steps in the process.

According to a-first method of
implementation, the process comprises the following
steps:

al) forming, on a substrate 101 having
ﬁetallizable parts 102 and/or potentially
metallizable parts, a first layer 103 of
insulating photoresist containing metal oxide
Iparticles, the oxide being chosen from Cu, Co, Cr,
Ni, Pb, Sb and Sn oxides and mixtures thereof and,
where appropriate, one or more other nonconducting

and inert fillers;




"metallizable parts 102 -and/or potentially netallizable parts, a first

| ayer 103 of insulating photoresist containing netal I rbinglzes, the
. oxi de ‘bei ng chosen fromCu, Co, C, N, Pb, Sb and%gngéyggggggngbﬁéxtures

- thereof and, where appropriate, one or nore other nonconducting and inert
fillers; 28 Septenber 2005 27 bl) irradiating and. devel oping the first
| ayer so. as to selectively expose net&dl|izable and/or potentially
netallizable parts of the substrate; «c¢l) formng,. on the first |ayer and
on the 5 exposed parts of the substrate, a second |ayer 105 of
phot or esi st, i nt dnled torFdiah iy ttd REVHIRIAT ithe TiRisE dey@id S%yer not

containing nmetal oxide particles; dl) irradiatin nd devel oping the
second |ayer- 10 39 &R ?%l%%ﬁle‘fﬁe]i&eﬁ %%?pd‘éeé:agéﬁz@%bﬂepmoéf the first

capabl 6 of bei ng PRSP et KE Hor 187 (oRATg 3 o BnEaeE A e 15
ol Ut Lon of 2 moOLS ekl S0 BRI St P R el e
_reducijngbthe exposed parts of the substrate, a second layer 105
of photoreéist, intended to form selective. | |
protection, this second layer not coﬁtaining metal
 'oxide particles;
dl) irradiating and developing the second layer
10 | ' 80 as totselectively ekpose certain parts of the
first layer and certaln parts of the'substrate}
el) forming a sublayer 107 capable Oflbeing'
‘metallized |
~ either by coming into contact withra.

-15 solution of a noble metal salt cépable
of beinglreduced by the metal oxide
particles;

- or By coming into céntaét with a
redﬁcing agentlcapéble.qf'redﬁcing-the
20 : .metal oxide particles;
f1) electrochemical and/or electrolytic '
metallization so as to deposit a met%l iaYer 108
on the exposed pérts of the first‘layer and of the
substrate;
25 gl) removal of the second layer of photoresist.
The first method of implementation

‘corresponds to metallization according to a pattern-

type process.




~-the first layer and of the substrate; 25 gl) renoval of the secon

"20 metal oxide particles; fl) electrochem cal and/or elect roI'yt I C

metal lization so as to deposit a netal |ayer 108 opgt @%P%%%%d?@g%f Zyg'];

of photoresist. The first nethod of inplenentation corresponds to

metal lization according to a pattern- tygtoe process. 28 Septenber 2005 28

- For the first method of inplenentation“*he second |ayer of photoresist is
renoved at step gl). Steps al) and bl) are in accordance with steps a) and

-b). The conpound in.the first |layer of .insulating 5 photoresist capable of
i nduci ng subsequent 10F%ttal??igla‘¥§toﬁ“?@%?r%§a§tm%ﬁ’%‘%‘%s‘éh f¥Rfn Cu, Co,
Cr, N, Pb and Sn oxides..Step c) of formng tracks and mnmicrovias is a
sequence of 3TePc %%ﬁ?s?#mf@§%ﬂg?§ﬁ%t i Q3?é?é% %%ﬁ?gﬁﬂl"The ways of
carrying out p ee et ai gve,.. uring the process
accordi ng tosfﬁég ﬁ)res?rb%%h)gaa of Jlijllrrpaiageérr(‘)\=,=n agfcfeoﬁ",l%héo i é_"e)lcf‘zp,&i .e. a’

okl [ oA AR R S TR i 07 an o
- dl), the selgicki e prol eoidan d ©PDIAIRGhPKIFRARINY a vias
E  metallization is a metal oxide chosen from Cu, COf‘Cf,
Ni, Pb and Sn oxides. Step c¢) of forming tracks and
microvias is a sequence of steps comp;ising step cl),
dl), el), f1) and gl). o
10 | Thé ways ofrcarrying out-eaéh step have been
detailed above. During the process according to the
first method of implementation; a photovia 104, i.e. a
via in an insulating photoresist emerging in a _
metallizable part 102 ané/or a potentially metallizable
15 part, is formed in step bl). During étep dl), the
selective protection is 6btained byrpfoducinQ a vias
106 in the region of the photovia 104-50 as to expose
the metallizable part 102 and by producing a via 107 in-
the region of a part of the first layer ofrphotoresist.
20 During step el), a sublayer 107 capable of being
metallized is formed according to one of the twé
methods given, preferably the first one, with the aid
of noble metal salts in acid medium. In step fl), a
metallization is produced, preferably electrolytically.
25 Metal interconnects 109, which will especially-form
tracks and microvias, are obtained. In steé gl), the
second layer of photoresist is removed. The surface'of

the circuitry obtained comprises:




106 in the region of the photovia 104 so as to expose the netallizable
part 102 and by producing a via 107 in the region ofg & %&)f b@?5f|rst
- llayer of photoresist. 20 During step el), a sublayer 10 cap bei ng
nmetallized is formed according to one of the two nethods glven preferably
the first one, with the aid of noble neésl salts in acid nedium In step
fl), a netallization is produced, preférably electrolytically. 25 Metal
-interconnects 109, which will especially- forn1tracks and mcrovias, are
obtained. In step gl), the er of is.r nnved. The

; ot
surface of the circuifry oﬁggp 255% VF§e 2@ g@é?iﬁﬁgﬁlﬁ 05 29 5 the
first | 113 of phot t ks 1 f th
irs ayer of photoresjs téoﬁ?a% §}§ E?E Sn %ﬁ?on EES sur%ace o] e

first layer, which are not PRT e su rate; frcPovias 110 in

contact with the substrateﬁh aE5§59f1598rEr?§§§P1$§ oo Ehgnsurface of the
first layer, in contact wt mcro ccord ing to a second ‘

met hodof i npl ementation, E§n95899§§tﬁoﬂﬂé'§§Es£9§té9||0“‘n9 steps: a2)

form ng, on a substrate 201 havi ng
5 -  microvias 110 in contact with.the
substrate;

- parts of the tracks 112 on the'surféce
of the first léjer, in contact with the
microvia. |

10 According to a second method of
implementation, the process compriseS'fhe following
steps:

a2) forming, on a substrate 201 having
metallizable parts 202 and/o:‘botentialiy

15 metallizable parts, a first Iayer 203 of

insqlating photoresist containing metal oxide
pérticles, the oxide being chosen from Cu, Co, Cr,
‘Ni, Pb, Sb and‘Sn oxides‘and mixtdres thereof and,
where appropriate, one or more other_nonConducting

20 and inert filleré;

b2) irradiating and dgveloping the first layer S0
as to selectively expose metallizabie_énd/or
‘potentially metallizable_pafts of the substrate;
c2) forming a sublayér 205 capable of being

25 metallized-oﬁ the surface of the first layer of

| photoresist and of the exposed parts of the

substrate;




netal lizabl e parts 202-and/or potentially 15 netallizable parts, a first

| ayer 203 of insulating photoresist containing netal i i , the
- oxi de being chosen fromCu, Co, C, N, Pb, Sb andzgﬁ%%gﬁgggﬂgaéﬁkgitures
t hereof and, where appropriate, one or nore other nonconducting 20 and
inert fillers; b2) irradiating and devel oping the first layer so as to
sel éctively expose netallizable and/or 3‘%)otentially netal lizable parts of
the substrate; c¢2) fornmng a sublayer 205 capable of being 25 netallized
on the surface of the first |ayer of photoresi.st and of the exposed parts

- of the substrate; 30 ®ithefiBySEohY ngPTHRD EohP aCPWEh Wit ution of a

S?bLe nétal salt capabl e O&f% &ggoéq%ﬁgsd gg theene%al ggiqg -_r;icles 5 -
y coning into contact etuct iy’ Hentetapabitt of REYti ng the -
Total |18t 1 on S0 a5 16 depoty o8RBT GyAr S0R 0 ER L (e H rst 1 ayer and
on the exposed parts of the gP 1 g{e;.eZ) form.ng on the netallized o
surface a second |ayer 207p0$ ﬁ%d%ore5|st; :
5 ~ . or by coming into contact with a
reducing agent capable of'reduéing the
metal oxide particles; |
d2) electrochemiéal‘and/or electrolytic
metallization s0 as to deposit.q metal layer 206
10 ~ on. the first-layer and on the eXposed parts of the
substrate; |
e2$ -forming on the metallized sﬁrface a sécond'
layer 207 of photoresist;
£2) irradiatiﬁg and.devéloping the seCQnd‘iéyer
15 so as to éeléctively expose ceftain pafts of-the-
metal layer;
g2) removing the metal layer from the region of
the parts exposed during'step £2);
h2) removing the second layer of photoresist.'
20 The second method of implementation
| - corresponds to metallization according to a panel-type:
‘process. | | |
For the secéndrmethod of implementation, the
second layer of photoresist is removed in step h2).
25 Steps a2) and b2) are in accordance with steps a) and
b). The compound in the first layer of insulafing
photoresist capabie of inducing subsequent

metallization is a metal oxide chosen from Cu, Co, Cr,




f2) irradiating and devel opi ng the second |layer 15 so as to selectively .
expose certain parts of the netal |ayer; g2) renovi %%) Jmtal Jdopyer from
. the region of the parts exposed during step f2); h2 ving t he second
| ayer of photoresist. 20 The second net hod of inplenentatlon corresponds
.to netallization according to a panel-type process. For the second nethod
of inplenentation, the second |ayer of otoresist is renoved in step h2).
25 Steps a2) and b2) are in accordance with steps a) and b). The conpound
inthe first | ayer of .insulating hot or esi st _capabl e of j nduci ng
subsequent Meét aFPi 3¢i 8h P§1%¢%Etg e%x?ﬂe°€h%%€%l$goﬁ¥@%ksC%ndC} 28
Sept enber 2005 31 Ni, Pb and Sn oxjdes._Ste c of formng tracks and
m crovi as i STACENELRE ST Dn® oF USTRPIL Wonpf i STHRS sTRPRIIEHIY §9%e2), f2),

Sbbve. Dur G { nelpl bcRel: aEEbr dihb X8 The second method of | actai
et on 3 EOUMLAEDS, oc o) B auhd BRLh TEUL LR pIt o eSSt
o e BT b D ol sl el yescat desele o
layer, accorgbnghe second method of implementation, a photovia 204,
i.e. a via in an insﬁlating photoresist emerging in a
metailizable part 202 and/or a potentially metallizable
part, is formed in step b2}. During step c¢2), a layer
1@; 205 capable of being metallized is formed over the
entire available surface of the first layer, according -
to one of the t&o given methods, ?referably the first
one, with the aid of noble metal salts in acid medium.
During step d2), the metallization is carried out in
15 order to obtain a continuous metal layer 206 over the
entire available'surface. The metallization is
preferaﬁly‘carried out eleétrolytically in acid medium.
During step £2), éelective protection is obtained by
producing vias 208 in the second layer, so that the
20- second layer of photoresist remains present in places :
on ﬁhe surface of the metal layer. Thus protection of
the second layer 209 in the regioh of the vié 204 and
protection of. the second layer 210 over a part Wﬁeré
there is no via in the first layer thus remain.
25 In step g2), parts of the metal layer are
- removed, these parts having been exposed duriﬁg step
£2). This removal may be carried ocut by etching or by

dissolving, using processes known per se. In general,




.carried out in 15 order to obtain a conti nuous netal

"to one of the two given nethods, preferably the first one, with the aid of

noble netal salts in acid nmedium During step d2), Z%h% gﬁ%ﬁ%%&éégpg?hgs

entire available surface. The netallization is preferably carried out

el ectrolytically in acid nedium Duriqgéstep f2), selective protection is
obt ai ned by - producing vias 208 in the &econd | ayer, so that the 20 second
| ayer of photoresist remains present in places on the surface of the netal
| ayer. Thus protection of the second layer 209 in the region of the via
204 and protket PARtBf reReveecand F%?%? paptpvet %P%mﬁ?t%£e¥%ye¥here i s no
via in the first_ layer thus remain n step %ﬂ rts f the netal

| ayer are rEHﬁVEdar?h%%E b%r?%nF%QFnﬁlB%eﬁh%x%%g s?%ﬁln$2) Thi s

renmpval nmay be c t by et or b n cesse

knom% per Ze aéé e?% gr%SM%%%fg 1%%0y9%%£?5% %%ﬁt h%:%%@%ga resfhzse'
' t f th tal | h t - d
Gur i ng. steﬁlg‘és?ﬁa% A AT S RS T e AR T W et B e

out by etghing, preferﬁpégr gchngghg€} fﬁg;rpﬂ$§%e o econd {ayer of

phot oresi st has been renpoved I n step t he sur the circuitry.

obt ai ned Conﬁéé§e§emové@elﬂ'§§ép|EY?r 214 9hrPhot asesiind ; cf%@ﬁ§t9§ tracks
. 212 on- t he surface- of

obtained comprises:
= the first layer 214 of photoresist;
- parts of tracks 212 on the-surface of
iO . ' tﬁe first layer; which are ﬁot'in
contact with the substrate; ’
- micrqvias-2ll in contact with the
substrate; |
- paﬁts of the tracks 213 on the surface
15 of the first layer,hin cbntéct with ther-
microvia.
According to a third method of implementation
the process.comprises the following steps:
a3) forming, on a substrate 301 having
20 - lmetallizable parts 302 and/or potentially
| metallizable parts, a first layer 303 of
insulating photoﬁeSist containing metal oxide
particles, the oxide being chosen from Cﬁ,,Co, Cr,
‘Ni, Pb, Sb and Sn oxides and'mixtures thereof and,

25 where appropriate, one or more other nonconducting

and inert fillers;




" 10 the first layer, which are not in contact with the substrate; -

- mcrovias 211 in-contact with the substrate; part $gofs LR ij-aCks 213 on

. the surface 15 of the first layer, in contact with the "mcrovia.
According to .a third nethod of inplenmentation the process:. conprises the
following steps: a3) formng, on a substrate 301 having 20 netallizable
parts 302 and/or potentially netallizaBle parts, a first |ayer. 303 of

i nsul ati ng photoresi st containing nmetal oxide particles, the oxide being
chosen fromcCu, Co, C, N, Pb, Sb and Sn oxi des_and m xtures thereof and,
25 where approprifatle, 1GF@GA % a&@h@ﬁ"ﬁ&ﬁ?&ﬂ@u&ﬂen%l%ﬁd CHEMt SO |1 ers;
28 Sept enber 2005 33 -b3), irradi,ating and devel opi the first layer so as
to selectively edfodé® ﬁﬁ&ﬁqqlfﬁﬁﬁéeéﬁﬁFgrmeg&ﬁéﬁ?ﬁggﬁyaﬁgggFlizable parts

on the surface oPARITSY My gP-BE pREecPRCHEE St Br il Chooced
parts of the sugééra%%x%hgge% %%bﬁggggg3b@t%a%ggﬁgcgfw%%qn%.Vsolqtion of a
nobl e netal salt Tapablé ‘ _ ‘
5 metallized on the surface of the first layer of '
the phétofesist ahd of thé exposed parts of the
substrate
- ..eithe: by coming into contact with a
éolution of a noble metal salt capable
10 ‘of being reduced by the ﬁetal oxide
pafticles
- or by coming into contact with a
reducing agent capable of ;gducing the.
metal oxide particles; | |
15 'd3) where appropfiate, electrochemical and/or
' eléétrolytic-metallizatioﬁ so as to déﬁosit a
metél layer 306 on the first layer and on the
exposed parts of the substrate; | \
e3) forming a second layer 207 of photoresist on
20 - the metallized surféce, this second layer not
containing metal oxide particles;
_f3) irradiating and developing the.seCCﬁd layer
so as to selectivély expose certain parts of the
metal laver;
25 g3) reinforcing the metal layer by metallization

in the region of the parts exposed during step

£3};




710 of bei ng reduced by the netal oxide particles or by comng into contact

with a reducing agent capable of reducing the netalygoxX.98 Rkl ehes; 15
. d3) where appropriate, electrochem cal and/or electrolytic netallization
so as to deposit a netal layer 306 on the first |layer and on the exposed
parts of the substrate; e3) formng a second | ayer 207 of photoresist on
20 the netallized surface, this second 34ayer not containing netal oxide
"particles; f3) irradiating and devel opi ng the second |ayer so as.to
~selectively expose certain parts of the netal layer; 25 g3) reinforcing
the metal |ayer bly3hetsdndvEng omhe i seeord rlion Rt peg3sStexgosed during
step f3) ; 28 Septenber 2005 34 h3) renpving the second | ayer of, '
phot oresi st so a8S5t®0 eXPOREE tHhe Ml | BUsT T et i it et ¥ @ part s;
i 3) etching the netal layer so as to renove all 5 of the layer on the parts
~ whi ch have not bee#t§einforced. The third nethod of inplenentation .
corresponds to ng{g}lization aﬁgordhghtfgfgpanel-t

etching the met WS 2S W8 remove all
5 of the layer on the parts which have not'beén
reinforced.

The third method of implementation
corresponds to'metaliization according to a pahel-type
process with patterned reinforcement.

10 : In the case of the third method of.
implementaﬁion; the second layer of photoresist is
-removed in step h3)f Steps a3) and b3) are in
accordance with steps'a) and b). The'compound in the
first layer of insulating photoresist capable of

15 inducing subsequent metallization is a metél oxide
chosen from‘Cu, Co, Cf, Ni, Pb, Sn oxides. Step-c) of
formingrtracks and microvias is a succession of steps
comprising steps CB){‘d3), e3), £3), a3), h3}) and i3).

The ways of implementing each step were

20 explained in detail above. During the process.acéording
.to the third mefhod of implementation, a'photbviq 304,
i.e. a via in an insulating photorésist emefging in a
metallizable or potentiélly metallizable part 302, is
formed in step b3). During step c3), a sublayer 305

25 capable of being metallizedris formed over the entire
available surface of the first'layer, éccordiﬁg to one
of the two given methods, preferably the first one,

with the aid of noble metal salts in acid medium.




!

" process with patterned reinforcement. 10 In the case of the third method of

i npl enent ation, the second | ayer of photoresist is gger%\ﬁpc%%rstmgﬁ).

. Steps a3) and b3) are in accordance with steps a) and conmpound in
“the first layer of insulating photoresist capable of 15 inducing

subsequent netallization is a netal oxide chosen fromCu, Co, C, N, 'Pb,"
Sn oxides. Step c¢) of forming tracks ahd nicrovias is a succession of
steps conprising steps ¢3), d3), e3), f3), g3), h3) and i3)." The ways of
i mpl ementi ng. each step were_20 expl ained in detail above, During the . :
process accoP@rhgd 2oStdR €Rl r et hbtr DF 19T ENERR af3 PRl ed Phot BYi a- 304,
i.e. aviain an insulating photoresist ener 'n%i n tal l'i zabte or -
potential |y MetaF| FQapPeapart 2ot W%Ou?‘df“?r’%‘%ii %%33% )C.’V%réh% step c3),
a subl ayer 305 25 capab f bei metallized is.formed.over_the entire N
avai | abl e suttatE® O?Q?’niaaekff? s?mf‘g%‘e‘?', @‘édﬂﬁ%‘?%go{ o° oHe f%)f’ tH two gi ven
nmet hods,  preferab the first. one it h. i salts in
aci d nedi ums%e(b%ir/‘lr% "éo%?%%l%)%s %%%%gétﬁﬁ%%ﬁggfaﬁ%ds out in.

order to gbtaid a c Qt{gug#%?ggzﬁ{ee 'ﬂg’é’fél ovefn thee £O{se gvailable

surface. By neans of step elective protection Ts obtained by
producing a Nﬁ@jpﬁo@@@ﬁpa@@ 4,95 exppse ide Ietabedayed 4 {decgegion of

the photovia 304 and a via 309 i's obtained so as to expose the netal |ayer
in the regi axbsPathe dhetdE layer in the region of part of the
~ first layer where there is no photovia. |
In step g3) those parts of the metal layer
10 exposed during step £3), that is to say in the region
of the vias 308 and 309, are reinfqrced. The
reinforcemeﬁt 310 méy cOnsist of a simple, easily
etchable, metal film, for example of the same nature as
the metal layer, and preferably obtained by
15 electrolytic metallization. The thickness of the metal
layer on the reinforced parts is greater than on the
unreinforced parts. The reinforcemént'méy also consist
of a metallic material that is notleasily etchable,
such as gold. |
20 — After the laver of photoresist has been
_ reﬁoved in step h3), ﬁhe metal layer is etched during a
| step 13) so as to remove all of the metal léyer on the
parts which have not been reinfbrced and to leave a
metal film on the parts which have beén reinforced;
25 This is carried out, for example, by differential
‘etching. The etching is carried out in acid medium, for

example.




first layer where there is no photovia. In step g3) those parts of the
netal layer 10 exposed during step f3), that is tojgageRcder’ egiggn of
. the vias 308 and 309, are reinforced. The reinforcenent 310 nay consi st of
a sinple, easily etchable, netal film for exanple of the sane nature as
the.netal |ayer, and preferably obtained by 15 electrolytic netallization.
The thickness of the metal |ayer on théfreinforced parts is greater than
on the wunreinforced parts. The reinforcenent may al so consist of a '
nmetallic material that is not easily etchable, . such as gold. . 20 After
the | ayer of photoresi $Fehgsrbeen O%eﬁ%@ealFﬁuéFéb f3y2ivkd netal |ayer is
etched during a step. i3) so as to renpove all of the netal |ayer . on the
parts whi ch hE¥EThoF"been reinforced and to leave a nmetal filmon the

Gi11orontial etching. The BPEn hooPsIG4PFi S4Tolt PRORRISShaRi um Tor
CeTple, 2B, Septerber 2008 B POTREL SFRCKE, 302105, AL BpERLe U oY
g Sgrface of the first layer, which are not in '

| contact with the substrate;
- microvias 311 in contact with the
substrate;
~ parts of the tracks 313 on the surface
10 : of the first layér, in contact with the
microvia. |
The circuitry level obtained may support
.another éircuitxy level, obtéined éccpr&ing to.the
sequences of similar steps. One embodiment of a second

15 circuitry level is giveh below, illustrated by

Figures 4a to 46, |

In this example, the'dperation is carried out
according-to a process similar to the first method_éf
implementation. | |

20 During a step a4), a first layer of

photoresist is formed‘oh the surface of a circuitry
level obtained by one of the methods of implémentation'
"described above, haviﬁg the layer 401 6f'insulating
photoresist containing metal oxide partiClés_of the
25 -previous circuitry level .(the so-called lower level)
and having tracks and microvias 402, 403.
During step b4) the first layer of resist is

irradiated and developed so as to form photovias 406,




" the first layer, which are not in contact with the substrate; microvias
311 in contact with the substrate; parts of the tragks 2.t Byosur face
_of the first layer, in contact with the mcrovia. The circuitry level
obt ai ned may support another circuitry-level, obtained according to the
sequences of simlar steps. One enbodi nent of a second 15 circuitry |evel
is given below, illustrated by Figures3da to 4c. In this exanple, the
operation is carried out according to a process simlar to the first
met hod of inplementation. 20 During a step a4), a first |layer of
phot or esi st #§7f emesdioa theastrfakepattacti teurifyoviavéPZebtBBned by one
of the methods of inplenentation described above, having the |ayer 401 of
insulating pREroFBEESt 2BBAPRFARRE. nebaP BRFBBLHAILY FekabiieABL95 previous
circuitry level (the so-called |ower |evel) ang,havifg tracks Snd
“miccrovi as 40R2T5030°DGPRAGSEERY BH)PRRE PFrERe| hyErtotdYESi of FRe -
irradi ated and devel oped as to _form photovjas 406, 28 Septenber 2005 37
407 ener gi ng PHeA APSER pARE SPCPRANEYODI RLaBBS AOSCHRHCTahePEs |
appropria%e,rgaogeBQtentiaIIy netallizable . o
‘During step c4) and dd), a segond‘layer of
| photoresist is deposited,.irradiatéd and exposed-so as
to form selective ptotection.
During a step e4), a sublayer capable of - .
10 being metallized is forﬁed as described above.
Furthermore, the sublayer is formed on the unprotected.
surfaces of the first layer and on the potentially |
metallizable surface 405.
Metallization is carried out during a step
15 f£4). Tracks and microvias 410, 411, 412 are_formed.

During a step g4), the second layer of

photoresist is removed.




part 405 consisting of part of the first |layer of the lower |evel (the
second | ayer of the |lower |evel was 5 renoved). Durixyyg st andsd4), a
second | ayer of photoresist is deposited, irradiated and exposed so as to
formselective protection. -During a step e4), a subl.ayer capable of 10
being netallized is forned as descri b&8 above. Furthernore, the subl ayer
is formed on the unprotected surfaces of the first |ayer and on the
potentially metallizable surface 405. Metallization is carried out during
a step 15 f4). Tracks and mcrovi a&LBIMS 411, 412 are formed. During a
step g4), the second | ayer of photoresist is renoved. 28 Septenber 2005 38
CLAIMS 1. A process for fabricating a nmultilevel interconnect circuitry

conprising netal tracks a m Crovi as rising the follow ng steps for
f PR Do Sbet rut B HERH

producing at |east one | evel®°E°Fo parts

S rect L et enite.ents Pl o peial seble ot chio B on 1S

I rst I NSu 1 ng ensit1ve Teésin containi ng a

conpound capabl&;0fs, IRHMGIRInGURREARST oWBIR! di 4R 11JF JHodudiadf ating and
devel oping said first
at least one level:

a) forming, on a substrate having parts
directly metallizable and parts metallizable after
‘treatment on its surface, a first layer of insulating
photosensitive resin containing a compound capable of
inducing subsequent metallization;

b} irradiating and developing said first
layér of insulating photosensitivé resin so as to
selectively expose the parts of the substrate directly
metallizable and the parts of the substrate
metallizable after treatment;

c) forming, by metallizatidn, metal tracks
and microvias on the surface of the first layer of
insulating photosensitive resin and of the parts exposed
in step b), with the use of a second layer of
‘photosensitive resin forming selective protection;
the process further comprising, for producing the
level in question, a step during which the second
layer of photoresist is removed,

characterized in that the substrate is a
lower circuitry level, the parts directly metallizable

being metal tracks or microvias and the parts




| ayer of insulating photosensitive resin so as to selectively expose the
“parts of the substrate directly netallizable and ths pftten@lrt RO05
substrate netallizable after treatnment; c¢) formng, by netallization,
metal tracks and microvias on the surface of the first |ayer of

i nsul ating photosensitive resin and of ybhe parts exposed in step b), wth
the use of a second | ayer of photosensitive resin formng selective
protection; the process further conprising, for producing the 1level in

question, a géepl durhiple Wi €dr t e sesond pbd AvernefRholoresist is renoved,
characterized in that the substrate is a lower circuitry level, the parts
directly netphttzabdeinbeiagvantad 4 rackst orayeeroyiasand the parts 39
netal li zabl-e after treatnent being non-netallized parts having served as a
first |ayer ofiotosedatt nfor photdresngta floswar adised g a | ower | evel. 2. The
process as clainmed in claim1, characterized in that the second | ayer of
phot osensitive resin ddes rbte qomedss @ compourel igapaldien df, i nduci ng
subsequent netallization. 3. The process as clainmed in claim1 or claim 2,
charact eri zeghd¥e¢hRELl 29 torpmindrapmtadflayaduei ng subsequent
-metallization consists of particles of a netal oxide chosen from Cu, Co,
Cr, N, Pb, PRl St 0% deS dhdf Mk tiftleCHe b2 compound

capable of inducing subsequent metallization.

3. The process as claimed in c¢laim 1 or
claim 2, characterized in that the compound capable of
inducing subsequent metallization consists of
particles of a metal oxide chosen from Cu, Co, Cr, Ni,
Pb, Sb and Sn oxides and mixtures thereof.

4. The process as claimed in claim 1 or
claim 2, characterized in that the first layer of resin
contains inert nonconducting fillers.

5. The process as claimed in claim 1 or
claim 2, characterized in that the metallization is
carried out on a sublayer capable of being metallized,
formed beforehand on the surface of the first layer of
photosensitive resin or of exposed parts of the first
layer of photosensitive resin.

6. The process as claimed in claim 5,
characterized in that the compound capable of inducing
subsequent metallization consists of particles of a
metal oxide chosen from Cu, Co, Cr, Ni, Pb, Sb and Sn
oxides and mixtures thereof and in that the sublayer is

formed by the first layer of photosensitive resin or




- claimb,

4. The process as clained in claim1 or claim?2, characterized in that the
first layer of resin contains inert nonconducting fid IREkS.emperTP@OE OCESS
as claimed in claiml or claim2, characterized in that the netallization
is carried out on a sublayer capable of being netallized, forned

bef orehand on the surface of the first jjayer of photosensitive resin or of
exposed parts of the first |ayer of photosensitive resin. 6. The process
as claimed in claimb5, characterized in that the conpound capabl e of

inducing supsegsest tiet @libbzatd Ry 6enphstssOhsPartd cles ofcainfet al oxi de
chosen fromCu, Co, Cr, N, Pb, Sb and Sn oxides and ni xtures thereof and

in that the snbbayentdst wiorned dwyldtherf igsta e efetphiotegansitive resin
or 28 Septenber 2005 40 parts of the first |ayer of photosensitive resin
com ng intocepabaet ol bbiagsotdiced lof ahaobkedeepattbalés. capabl e of
bei ng reduced by the oxide particles. 7. The process as clained in claim®é,
characterized in that Yhe nBhternetasssastchalmtdomislaam @ci d sol ution.
8. The process as clainmed in claim5, characterized in that the noble
netal salt isSheheskarizednmiAuthay, timh negle asetal ambt Rokattienwish a
counterion chosen fromd -, NO3- and CH3COO . 9. The process as clained in
an acid sclution.

8. The process as claimed in claim 5,
characterized in that the noble metal salt is chosen
from Au, Ag, Rh, Pd, 0s, Ir and Pt salts with a
counterion chosen from C17, NO3;~ and CHsCOO .

9. The process as claimed in claim 5,
characterized in that the compound capable of inducing
subsequent metallization consists of particles of a
metal oxide chosen from Cu, Co, Cr, Ni, Pb, Sb and Sn
oxides and mixtures thereof and in that the sublayer is
formed by the first layer of photosensitive resin or
parts of the first layer of photosensitive resin coming
into contact with a reducing agent capable of reducing
the oxide particles.

10. The process as claimed in one of
claims 6 to 9, characterized in that the particles of
the first layer of photosensitive resin aré exposed
before the sublayer capable of being metallized is
formed.

11. The process as claimed in one of claims
‘1, 2, 6, 7 and 9, characterized in that the

metallization is carried out electrochemically and/or

electrolytically.




characterized in that the conpound capabl e of inducing subsequent
metal | i zation consists of particles of a netal oxids chgsemdaomo@s Co,
Cr, Ni, Pb, Sb and Sn oxides and m xtures thereof and in that the subl ayer

is formed by the first |ayer of photosensitive resin or parts of the

first layer of photosensitive resin cogyng into contact with a reducing
agent capable of reducing the oxide particles. 10. The process as cl ai ned
inone of clainms 6 to 9, characterized in that the particles of the first

| ayer of photosensitivexreshd grec8xPosed-1 Hahad et hensubt ayesigapabl e of

“being netallized is forned. 11. The process as clained in one of clains

1, 2, 6, 7 and ®, €hatast@rdzechdnathatitde imetigdd iation is carried out
el ectrochem cally and/or electrolytically. 28 Septenber 2005 41 12. The
process as chataklizatooe D charded dut 2eléct Folyidi & 1lchatracieird zed in
that the netallization is carried out electrolytically in acid medium

13. The procesdiam. clainmed in one of clains 6 to 9, characterized in that
step c) conprises the followi ng steps: cl) formng, on the first |ayer and
on the exposed parts b#-t HENQUDEPFEPE, 28 SéedAgd ayernsf of

claims 6 to 9, characterized in that step c¢) comprises
the following steps:
cl) forming, on the first layer and on the
exposed parts of the substrate, a second layer of
photosensitive resin, intended to form selective
protection, this second layer not containing a
dompound capable of inducing subsequent
metallization;
dl) irradiating and developing said second layer
of photosensitive resin so as to selectively
expose certain parts of the first layer and
certain parts of the substrate;
el) forming a sublayer capable of being
- metallized

- either by coming into contact with a

solution of a noble metal salt capable
of being reduced by the metal oxide
particles;

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

f1l) electrochemical and/or electrolytic

metaliization so as to deposit a metal layer on




phot osensitive resin, intended to formselective protection, this second

| ayer not containing a conpound capable of induci n@@@ggg@*@r@r 2005
nmetal lization; dl) irradiating and devel opi ng said second | ayer of

phot osensitive resin so as to selectively expose certain parts of the
first layer and certain parts of thed8ubstrate; el) formng a subl ayer
~capabl e of being netallized either by conmng into contact with a solution
of a noble netal salt capable of being reduced by the nmetal oxide
particles; or byt@®nPRECFRdorebhe aef Wrehfhrst etridshgrgenf epabl e of
reducing the netal oxide particles; fl) electrochem cal and/or

el ectrolytic rre?‘gl"ﬁ%‘i@r"bn so as to deposit a netal |ayer on 28 Septenber

2005 42 the exposgfj parts of the first la e{ and of the substrate; gl)
renmoval of the secbnd PRVEF oft PHOtTEMT tiEr &fin. 14. The process as

clainmed in one O;Ehot%@é-@i@i\;@ Shggharacterized in that step c) conprises
the foll ow ng steps: ’

14. The process as claimed in one of
claims 6 to 9, characterized in thaf step ¢) comprises
the following steps:

cZ2) forming a sublayer capable of being
metallized on the surface of the first layer of
the photosensitive resin and of the exposed parts
of the substrate

- either by coming into contact with a

solution of a noble metal salt capable
of being reduced by the metal oxide
particles

- or by coming into contact with a

reducing agent capable of reducing the
metal oxide particles;
d2) electrochemical and/or electrolytic
metallization so as to deposit a metal layer on
the first layer and on the exposed parts of the
‘substrate;
ez) forming on the metallized surface a second
layer of photosensitive resin intended to form

the selective protection;




c2) form ng a sublayer capable of being netallized on the surface of the
first layer of the photosensitive resin and of the gxpesedrpart Sooaf the
substrate - either by comng into contact with a solution of a noble netal
salt capable of being reduced by the netal oxide particles or by com ng
into contact wwth a reducing agent cdpable of reducing the netal oxide
particles; d2) electrochem cal and/or electrolytic netallization so as to
deposit a netal layer on the first |layer and on the exposed parts of the
substrate; e2) f®hi njrerdideingtand gt ke ingeesalderetrnd | apsr of
photosensitive resin intended to form the selective protection; 28

Sept ember 2005 43t {RYOFPFERTFLEI TR ERRI et D HYy A SERN | ayer  of

phot osensitive resin so as, to selectiv |¥h eﬁﬁggﬁ certain parts of the
metal |ayer: g2)SFRABVi Ag- the” RIES 14y Minithel PSFt’s  exposed during

step 12); h2) regoying.dlies second Aavel LI, AofLSEnald iygcd esin. 15 The
process as clainmed in one of~clains

exposed during step £2):;

h2) removing the second layer of photosensitive

resin.

15. The process as claimed in one 6f claims

6 to 9, characterized in that step c¢) comprises the
following steps:
c3) forming a sublayer capable of being
metallized on the surface of the first layer of
-the photosensitive resin and of the exposed parts
of the substrate

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

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

d3) where appropriate, electrochemical and/or
electrolytic metallization so as to deposit a
metal layer on the first layer and on the exposed
parts of the substrate;

e3) forming on the metal surface a second layer

of photosensitive resin intended to form the




6 to 9, characterized in that step c) conprises the follow ng steps: c3)
form ng a subl ayer capable of being netallized on tde sapdeage rofocdse first
| ayer of the photosensitive resin and of the exposed parts of the
substrate either by comng into contact wwth a solution of a noble netal
salt capable of being reduced by theddetal oxide particles; or by comng

into contact with a reducing agent capable of reducing the netal oxide

particles; d3) where appropriate,  electrochem cal and/or electrolytic
metal | i zati on soS&scEblueppbEPEeatiomt afhiayeecondt hevey (et | ayer and on the
exposed parts o e, substrate; qgﬁafornin on_the netal surface a second

ft
| ayer of photos%ﬂ%F?f@én?eii?P¢9ﬁ ePRPFOr At t HAWEIE pt enber 2005 44

sel ective protecti i .layer _pot containing a conpound capabl e
of i nducing subé%%%%%%géét§§€$gg %%%%5?3) irradiating and devel opi ng said

oo e o PSRRI B uSeeRL, SELRE el Biese ot
- of photosensitive resin so as to selectively

expose certain parts of the metal layer:
g3) reinforcing the metal layer by metallization
in the region of the parts exposed during step
£3):
h3}) removing the second layer of photoresist so
as to expose the metal layer reinforced in certain
parts;
i3) etching the metal layer so as to remove all
of the layer on the parts which have not been
reinforced.

16. The process as claimed in one of claims
6 to 9, characterized in that it includes a step of
treating the first layer of photosensitive resin so as
to obtain a B-stage resin.

17. The process as claimed in claim 16,
characterized in that the treatment step is a curing
step carried out after the second layer of
photosensitive resin has been removed.

18. The prodess as claimed in one of claiﬁs
6 to 9, characterized in that the substrate is a rigid
printed circuit comprising tracks on its surface.

19. The use of the process according to any

- one of the preceding claims for producing printed




in the region of the parts exposed during step f3); h3) renoving the
second | ayer of photoresist so as to expose the neta degyempeai nhosced in
certain parts; i3) etching the netal |ayer so as to renove all of the
| ayer on the parts which have not been reinforced. 16. The process as
clainmed in one of claime 6 to 9, chaBacterized in that it includes a step
of treating the first |ayer of photosensitive resin so as to obtain a
~B-stage resin. 17. The process as clained in cJaim16, characterized in
that the treaffehts S3ed T ANshgodiss AT ddti%iter the second
| ayer of p itive resin has been renoved. 18. The process as cl ai ned
in one of c?rg{éf)éﬁg%é% ?nc%ta\%act erized in that the substrate is arigid
printed circuit conprjgi ng-{Lacks, | St S ARE Lk kT 1se of the
-process according to any _onea'gjf t]%'(e\S p_recpz%lll ng ¢l a]fa?r:s sfo_r produci ng printed
28 Sept enbehi 2H0p1 49 &éopﬁé%llé oAk MY tdh @yateddplese dasL 48 gh
integration density. 20. G rcuitries conprising tracks and mcrovias
- capabl e of deinfged®bimisied de tde drp0eessl aso dainmed in any one of clainms 1
. to 18. _






