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{379 .:‘\brégé : L'invention concerne un procéds de fabrication d une circuiteric d*interconnexion 4 plusieurs niveaux comprenant
des pistes et des microtraversées. Le procédé comprend. pour la réalisation d”an moins un des niveaux les ér.apes‘suivamcs: 2} Sur
un subsirat présentant 4 sa surface des parties métallisables evou poienticllemem mérallisables, formation d'une premiére conche de
résine photosensible isolante comprenant un composé susceptible d'induire tne métallisation uitérieureh) insolation et révélation de
]f’ premiére couche de manidre 3 sélectivement découvrir des parties métallisables evou potentieHement métailisables du subsirat ¢}
formation. par méml!isaticm. dc pisies et de microwaversées méalligues 3 1a surface de ly premiére couche de résine phmosens.ihie
isolanie et des parties découvenes lors de 1"dape b). avee mise en veuvie d'une deaxiéme couche ds résine photos;:nsib]e formant
uné protection sélective.s deuxiéme couche de résine photosensible dtant éhiminée. ) '




WO 02/ 054844 Al (84) Designated states (regional): AR PO Patent (GH, GV
Published: KE, LS, MW Mz, SD, SL, Sz, Tz, UG ZM PR,

| nternational Search Report Eurasian Patent (AM A?@&pt%é%%% RU,
TI', TM, European Patent (AT, BE, CH, CY, DE, DK, ES, For an explanation of

‘the two-letter codes and the other FI,;FR GB, GR IE IT, LU M NL, PT,
SE, TR). abbreviations, reference is nade to the expl anati ons (" Qui dance.
OAPI Patent (BF, B3, CE, CG Cl, CM GA, G\, GQ Notes on Codes and

Abbrevi ations") &trotkesbégnfiabgiehtenghaGhhliileVBl MEreSheryD, TO) .
regul ar edition of the PCT Gazette. (57) Abre'ge : L'invention concene un
procedS de fabrication cepmpxising teracksl amd exicormneddson a pl usi eurs

ni veaux conprenant des pistes et des mcrotraversees. Le procedc conprend.
pour |la realisation d au nons un des niveaua | es etapes suivantes: a) Sur
un substrat presentant it sa surface des parties netallisables et/ott
potenti el l ement net al | #33BPER . eilep e s dehet e e et kucielale . resine
phot osensi bl e i sol ante conprenant un conpose susceptible d'induire une

netal |isation® i eFTRITER PRROPET i bt RToSvetnd i1 1eV sk eni ere couche
de manierc a,sclectivenent, ddcouvrir des, parties nerallisables et/ou
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couche de resine photosen iFsol’ant'e et des parties dzcouvertes fors de
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a

phot osensi bl e formant une protection sclirtive. cuxi cnt couche do

resine phot asais il tel arheeitbMineg s 28 oaRtenber 4003+ L Br egessafor
fabricating a multilevel circuitry conprising tracks and m crovias Exanpl e

enbodi nent s wfcAdtodmmentdon gl atey 4@ tHARRMEd HY QgeSSi«s produci ng a
multilevel -interconnect circuitry conprising conducting tracks and
m crovi as andf poskidilectpaids.1afdhi n the context of the exanple enbodi ments
the term"mcrovias" is understood to nean m croconnections passing right
through the thickness Widthia dihel edeciteohayer f14¥d hithdie ied ectronics 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




trend towards opti mum product mniaturization and towards increasing

‘performance in terns of speed. These trends are ac t gr om ng
use of surface- nounted conmponents such as BGA, CEA?ﬁggg%%%g%%%é?%ﬁﬁip-

chi p components. Integration densification is desirable in three

-di mensions: both in an axial direction $y successively stacking ever
thinner dielectric/copper layers, in order to obtain a nultilayer, and in
the plane perpendicular to this direction by bringing ever finer tracks
and pads cl osk#ntbgetiherandlhe 1pr eeessaofii bhet exanpt el endbadiarentys neets
these requirenents by producing a "fine line" circuitry characterized by
track and intertrack wi dths of |ess 28 Septenber 2005 2 than 100 pm and
hol e or via dianeters of less than 100 pm This process al so ensures
excel l ent adhesi on of Thhe preacHsd aleos ensurhe dikekbbent cadhubsitarat e and
limts any inprecision due to the successive stacking of the layers. The
process of t%g Bamiteletsodinfetts the di et erer horaetioirsm ead v

advant ageous. jn, so far as it  involves a small number of steps. The exanple
“enbodi nent s pIBVIUSTY grEEESLSEoR PGy kP nghe oS g’ rdcekiB8/d ki cr ovi as

in a dielectrig cgyering a first circuitry level or a first netallized
| ayer, mﬁthdﬂ% dgﬁﬁdghto the said first circuitry |eve

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;




or the said first metallized |ayer. The process described in Patent US 5

260 170 teaches howto fabricate circuitries Conprifﬂrggpféﬁbl¥“ﬂdﬁé
m crovias. This process conprises the followi ng steps: T applying a first
| ayer of photoresist, containing an electrochem cal netallization
catalyst, to a substrate; 2. irradiating and devel oping so as to expose
certain parts of the substrate; 3. applying a second |ayer of photoresist,
not containing a netallization catalyst; 28 Septenber 2005 3 4. irradiating
and devel oping so as t9. exposgdietiraj krRpidesre0bpting Ebrsts tayer and of
the substrate; 5. netallizing electrochemcally. Steps 3, 4, 5 are used to
formtracks and . mcrovi asexpdes seaoredn gpertsobfphbtofessst1ldws ng
sel ective protection. This layer is not renoved. The process may be
repeated several tines so agdtef ditaisvbaiireiteayer circuitries, the final
surface obtained serving as substrate. The circuitries obtained according
to the process described apovelkiAimg cleshmrpedemprahdyity, which is to
- the detrinment of their_precision. This drawback is due to swelling
“phenonena in the phot o e¥F$t34i it cont&ét Uirthteof a¥PoRsaelsed¥br vari ous

r nts, _. : i i
treatne microvias, the second layer of 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




.such as the activation of the catalyst or the netallization. It may also
be due to too great a superposition of layers. The gx H% %%Qogb%%nts
provi de an inproved .process for fabricating a crrcurt

possible in particular to achieve better planarity. The process al so has
t he advantage of being nore reliable, by reducing the anount of circuitry
that would be off -specification as a result of inprecisions in the
superposition of the layers and in the positioning of the mcrovias.
Accordi ng t omalfilstehspestrannehe piesabtryi ovemtiimg g is provided a
process for fabricating a 28 Septenber 2005 4 multilevel interconnect

ci rcui try cohpacks mpdmigrovipgcksonpdisicgovhastolonprissisngptshéotol | ow ng
steps for producing at |east one level: a) form ng, on a substrate having
parts d|recPF?drﬁkQﬂqufﬂﬂa§taﬁﬂepéﬁﬁglhetalIrzable after treatment on its
surface, a first |ayer of insul ating photosensitive resin containing a
conpound capabl e of |% u%??ﬂf@ﬂub§§h@eﬁﬁbﬁﬁFaFﬁlE%Y%@ﬁlp%ﬁtﬁ rradiating and

devel opi ng s id f| er |ns latin hot osensitive resin so as to
selectively %%% ﬁéﬁi%? gﬁ t A EBgFga£ CH el abted) 1 zabl e and

h f N f t t f , b
the parts fo%rgaetrgqﬁsgggg TeLehtlzali e af ter, 41 &S f{%%ucra%a ormng, by

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.



and mcrovias on the surface of the first layer of insulating

phot osensitive resin and of the parts exposed in st 5%?téMﬂé} b%%5use of
a second | ayer of photosensitive resin form ng selective protection; the
process further conprising, for producing the level in question, a step
during which the second |ayer of photosesist is renoved, characterized in
that the substrate is a lower circuitry level, the parts directly

netal lizable being netal tracks or mcrovias and the parts netallizable
after treatnment being fiba-netakltiziests mpar tbthauvkedgbgefordims a first |ayer
of insulatin photoresist for producing a | ower level. 28 Septenber 2005 5
The circuit r&éé’eé?’ea%{%ﬁ PR oo AgYerayef snarlisrl dejfosi ts of |ayers
of materials.,. different types.on defiped parts. Thus, netal tracks,

net al nicrovgégggﬁﬁ?tp%%%ﬁ%ﬂ ; qﬁ%ﬁgﬁdp88§gsse§%9%ﬂeﬂfﬁ ﬁﬂaé%és and
supported by rS: 1, J at| ; teri o] i . .The tracks,
m crovi as angggégsﬁ%%%?ﬁghé %?#¥e 8%%%82?’c%%é%&té%é%“T%%%Fgggﬁg ége
circuitry paptsceesihd oNgshRted Be iH?E@Q%Pfaﬁ_nirHl?llHtéﬂr!_ﬁﬁhg material. They

are generally in the formof linées of small thickness. e circuitries
accordi ng tombherexbnpdee odaddiedient s conprise several circuitry |levels.
Each circuitry | evel corresponds to a
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.




conmbi nation of tracks on the surface of an insulating material. The
circuitry levels are therefore separated by a Iayergo%EEQ%¥E%EiQ@05
material, with metal connection areas between the [evels. eSe netal
connections between two or nore levels are called mcrovias. Such
structures and such terns are known tog,those skilled in the art. The
manuf acture of the circuitry, for at |east one of the |levels, conprises
steps a), b) and ¢c), wth renoval of the second |ayer for this |level. 28
Sept enber 2005 5a Accohdiomgligg ttwe tdxarpheptabedbohtentd hechd ayers of
insulating material separating the circuitry |evels consist of insulating
phot or esi st 12¥Afai ¢ gl ademgotiad et Apabedarati ivdudiheg cdubseguent

nmetal lizatio This | ay is.called.the "first |ayer"'. The mcrovias

provi di ng ne?%ﬁe%ﬁnﬁﬁﬂﬁ%%ﬂﬁ%%ﬁﬁﬁ@ﬁaFHBgIE@%ﬁ?ﬁ?Qﬁ* JPrteHfd P Pager are

“positioned a ' . of t.he first |ayer have.been renoved by
bei ng irradi%?@%&gkg g%%fgggéindﬂéﬁ%ﬁéﬂ%FF@§e%éfgFFgéﬁﬁgaggon'

"phot ovi as” . Tiug | NGy St ebs Aa1 ed ithet Vrayer 9fyphet ofesigtorois f ormed on
the surface of a substrate having netalllzabye and/ or potentially

netal | i zabl eprgardisng 2B tSapicenbert2005-6t Wden exiy 6s8ieQ’ ‘tpebaghi al |y
metal |izable surface" is understood to nean a surface part which cannot
be directl|y ®etalldyesd agleepordlythed] &y poditoy where 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.




'eJectrochenicaIIy; but which can be netallized after it has under gone a

suitable treatnent. For exanple, it may be a surfa rt. of an
i nsul ati ng, photosensitive or non-photosensitive, ?%%&ﬁl%%ﬁﬂ%%ﬁﬂ%%Q?a

conpound capabl e of inducing subsequent netallization. In particular, it
may be a | ayer part having served as a gfirst layer of insulating
phot oresi st during the production of a |ower |evel. Thus, either of the
two expressions "potentially netallizable" or "netallizable after
treatment” will be usethdesgafd¢eridro “peftenttialiychetal Sizdlalce. The
expression "nmetallizable surface part" is wunderstood to nean a surface
whi ch’ can beS@Ffaes yis nsdgnsteed épetepdl §t eufase anyytowhich

i e.a netal part, for exanple

el ectrochemcally. . For, exanple, it _nay b

tracks, padsc%‘?n‘r{*i ck?%\f{% % ﬁ‘?@ﬁx??éé@ otethee L ¥yl lat rHREs, either of
the two expr I et.all )z e’ . "direct] t.al | jzable".will be
used hereafﬁ? %ﬁ%hee?ﬁﬁati&yéugﬁkawgﬁg a%el%1 %em}aar@klszeéin&%%iegr 5@1 as are
formed by neigldddAtd R on LheasuLf acgaphetbe Fdf Uxdrdy®y, k mphotoresi st

and of those parts of the substrate which are exposed during stép b). The
met al parts borareth:fncd harsuvffaae ohstibetpeg! soleposediduriengrst ep b)

correspond to the mcrovias. 28 Septenber 2005 6a To formthe tracks and
m crovi as, sebectlivkosenstervsonrésimbtaitethby thecagmowfda second | ayer
of 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.




. be used as |ower

photoresi st. The processes for formng netal interconnects with selective
protection by a layer of photoresist are known to t kllled i-nthe
art. In 28 Septenber 2005 7 particular, mention nayzgp%ﬁf emb 20%
pattern-type processes and the panel -type processes. In the process
according to the exanpl e enbodi nents, %he netallization on the parts of
the first layer of photoresist is made possible by the conpound, contai ned
in the said resin, capable of inducing subsequent netallization and

possi bly by a suitabl erd¢ réatnerite proaerkst anthaichretvahsj zadlartivAccording to
t he exanpl e enbodi nents, the |ayer of photoresist (second | ayer of
photoreS|st)P{@ﬁﬁpt%Qﬁfkﬂwﬂhﬂ@én§dlb&tthe protettd oredand dayeadoduri ng t he
process. RenDV|n the sec?Fg | ayer of Ehotore5|st for. an internediate

circuitry | R EToBESASFI 9T ﬁ%@“%&%r dton "internedi ate
level" is u vV mhlch i s, not .the l.ast on and wil |l
e Cf%@%étﬁn Tt e e Ui S gL R 135 Plav e

avai | abl e, oph&es e i PRIS krBwnS YR @ﬁ@s@fsmmﬁcﬁtirp%r@%@ eghst
-containing a conpound capable of inducing subsequent metalli zati on. Shoul d
there be any inprecision when fabricating an upper circuitry |evel or when
positioning the mcrovias, the netallization and the formation of a
contact remain possible with very good cohesion, sonething which is




not the case if the second | ayer of photoresist is not renoved. The
substrate nay be a lower circuitry |evel produced g; (%t4¢?§wocess
of the exanple enbodinents, or according to another process. 9

Sept enber 2005 8 substrate is a lower circuitry |level produced according
to the process of the exanple enbodinenis, the netallizable parts are
circuitry parts of the lower level, in particular of the tracks and/or

m crovias, and the potentially netallizable parts are non- netallized
parts of thephitstulayemaftidisuagt bBImapbobor s Statusaeh-Whgr produci ng the
| ower | evel. The substrate may al so be a printed circuit having one or
nore | evel s pnoeessgs darer tfHeedapled ~typppprocepossi blry thid proordect i ng vi as.
As regards the supports, this may, for exanple, be an injection- noul ded

i nsul ati ng MAEEPTAING It R’ éenﬁﬁ%?’iiéllneﬂ’é%nv@ﬁ% Héﬁ*e’ﬂlhlﬁattﬁénfl eld of

.printed ci rcuﬁllr:a %(I\e/gagé%? ?%r’rﬁ? Cte%%a%iaa}geo% Rr’gs)ql , .%QX% ss-fibre
supports. It etec r -woven
‘fibres or a PaBEL 1, 1L %eggg g ”h%?% %'EkﬁﬁhéPclﬁe§$g Sgﬁflﬂ£§§pnce of the

web or paper  ensures or her expansi on
coefficientsc{JEEsd - ofair{dtﬁﬂeﬂngf |sﬁb§€&§8&@%@9§iylzéﬂ%r§lé9ﬁp” is a web

consi sting of non-woven aramd (a commercial aronmatic polyamde) fibres
prei npregnatedssdiibly dny epe table treatment prior to the
| 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




resist, with a polyimde resin or wwth a blend of these resists. Better

still, these aranid fibres (which are preferably n@%aggbgghgegi?bgg,
para-aramd fibres or a mxture of such fibres) aré& prernpregnated ™with a

functionalized pol yam dei m de (functionalized with heat-crosslinkable
chem cal units). This functionalization nmay be achieved wi th double bonds
or 28 Septenber 2005 9 with nal ei m de groups such as those defined in
~patent EP 0 336 856 or US 4 927 900. Advantageously, the web conprises 35
to 60% by wekghétrprefier abliywkromi 4dut ory5S5h8edy pwidlecandcbettay still
from40 to 50% by wei ght, for exanple 47% by weight, of dielectric resist.
By way of examptizs phedds coinéss ekamnhéewehbodiwdress,between 10 and 70 pm
preferably between 15 and 50 pmand better still between 20 and 40 pm In
general , itsPgFahiege \Pami3Es sShatRechr ¢0i taNdPHN: 3/ tawd loeeter still

between 15 and 40 g/ n2. 1t should_b ojnted out that the circuitries

obt a1 nod by FRE br cb SR 6N G L CPEnbE & B B TS mmy | be
produced on i . fﬂg-% firs ayer of insulating
phot or esi st ?@gfgﬁé 6%#ﬁ%ﬂ§§ﬁétra6%. %ﬁ?%?ﬁﬁr af%%ag¥%insulating

phot or esi st &t B 1 daerPeUndneapapbe DiyvdNdICiinG Iuksaguent

netallization. Preferably this conprises particles of a netal oxide. The
met al oxi de pisoohosertf ne@dCuheffopr@ducing 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




Ni , Pb, Sb and Sn oxides and m xtures thereof. Mst particularly, cuprous
oxide Cu20is preferred. The photoresist may al so t-al.n i ner
non-conducting fillers. Wth regard to the netal o%ﬁﬂé%*iewg%ﬁigpoge
the formof small-sized particles; the particle size is generally between
0.1 and 5 pm The photoresist may be chpsen fromnegative .or positive
phot oresi sts. Advantageously, it is applied 28 Septenber 2005 10 The
phot oresi st may be chosen from negative or positive photoresists.

Advant ageousWythi halsimppti @toups ostidle Ssbshsad edofidad tire gt circuitry
|l evel in the formof a solution in a solvent and/or in the formof 5 an
uncr ossl i nkeBPsPagec-g56 an &S By Mdy 260 . ekdvpheagdous Iphottdreesiebt , nenti on
may be made of the PROBIMER range sold by Vantico. The conpound capabl e of
i nduci ng suﬁ@@aﬁéﬁ?sn%§aP?i§%f%6ﬁ‘W%lg%ﬁme?ﬁﬁ?ﬂ%P#%ﬂ?%ﬂ%ggﬁ1“?nto t hese

photoresists_pefore the Jayer .is forned. 10.The fhicknegss  of the

phot or esi st P °s§¥hw?ﬁ§?£ TSRS AF TR e$ﬁomré§hzﬁ{5§¥ 53 ween two | ayers
of . conductipg; erkal-. ageousl Yyed dni S - - Qﬁgz- 0 pm for
exanpl e betmeeﬁ8§%'and 2%é%§?ﬂ%refe3§%lgei %ﬁ%é%ﬁggﬁhén ]ﬁ%ppnl The
dielectric peepiktivity of 15 the |layer is advantageously |ess than 5. The

conpound capabl e of inducing subsequent netallization is used to produce a
metal lization after aByneat nENtexafirp? eexahpl ehbykmeds eaf et weksul ting in

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




~inirradiating the |ayet®

" the formation of a' sublayer. Treatnents that can be 20 used will be

described below. During step b), the first |ayer ofz%e iSEe%%eFiﬁbﬁgiated

and then devel oped. Depending on the nature of the phoF resi’st - "positive

or negative - the parts renoved during the devel opi ng operation are the 25
irradiated or unirradi ated parts.  The gperations of irradiating and of

devel oping - a | ayer of photoresist, so ad to expose parts of subjacent

| ayers, are known to those skilled 28 Septenber 2005 11 in the art. Two

techni ques known fromthe art are . perfectl uitable. The first consists
RO SRS R (R (1% G et iR dRid Yask. 5 The

second technique is the so-called LD Laser Direct. |l.mgin techni que for
direct eXpO_SOLﬁ’ ) ltjt_‘_ﬁee %hc_())t_t%l?ees_sjf%ifs." ﬁé‘%arfteac%%?lﬁs d sltag'vsa%péb]e]o from
Accor ding 16 NE SRk et ik e et Bl 18 sh g v
Id|r re?glcﬁ Ie((::I Jﬂ?org[t?leo 3//6% It%lfﬁ(p tojtoor?)e/isrliasélt ass rveé%g%{guﬁl | z;ﬁegﬂgrﬁ%%cjfhgf rtegiest
Lare t herg r %?p\(ﬁfbﬂd'b§lh_ﬁ'1]w%ﬁ’@j’e@§ fihitde Bathdﬂ)@!ample 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




- techniqUe usi ng positive and negative photoresists. To inplenent this
“second technique, two types of |aser are, for exanpl.g, i.tabl e: l.aser
operating 20 in the infrared (thermal LD) and a |§§%#“%%§§53?85 in

“the 330-370 nmwavel ength-range (UV-LDI). Step c) itself conprises several

- steps. There are several ways of inplenenting step c), corresponding to

di fferent sequences of steps. Three seq%%nces 25 corresponding to
different particular nethods of inplenentation will be explained bel ow.
During step ¢), a second |ayer of photoresist s used. Advantageously, the
second | ayer 10okB8endtt 28T<apt 8ABRILIPDHHSKIOVR oRF AN ntBe coRbowHe capabl e of

i nduci ng subseggenf neta#l“iation. The resist for the second | ayer may be
chosen fronPpbsFEFdE 3Pt @b Bt ve photoresists. The layer may 5 be forned

" by application in the rmof a solution in a _solvent and/oy_in the form
of an uncrosslinked stgﬁg?i}r?gu? DSES Rt ot T ES AN S ¢ er%%Y%f, nention

may be nadeoQL%$$?%€$%¥$%E?%gg@gg.?§§&%k£gh%§gﬁiﬁgnghe | ayers of

phot or esi st s, I rst one, may 1 nclude, where

appropriage, other nqﬂggnggggﬁ?gt@@gn%%fiti%gﬁggqgg§caf 'é\ﬁﬁlpulvekulent

mneral fillers. These may be, for exa >, um carbonate particles.
The preS@nC@(Eﬁs@HCﬁﬁféé{efﬁa?iﬂﬁftté&ﬁﬁﬁ&d@'fbﬁfﬁﬁféé§teiﬁﬁgﬂreWﬁy | nprove

‘the 15 cohesion of the netal Tayers formed and i nprove their -
' the photoresist.

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
technique usiﬁg positive and negative photoresisté.

To implement this second teéhnique, 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




adhesion. The particle size of the fillers is chosen so as to be

conpati blle with the process of applying the resists,. ri e , the
second layer is 20 irradiated and then devel oped sogggg%gmggﬁ%ge@ggﬁtain

parts of the first layer and/or of the substrate and./or of certain netal

| ayer parts formed before the second |ayer has been forned. The nature of.

the exposed parts may vary depending ontthe particul ar nethods of 25

i npl ementation that are used. Methods of inplenentation wll be described

bel ow. For exanple, in the case of first gethod of inplenentation,

certain partS°8fatfe? FPPEP“PQyEFpﬁﬁéetHE pAFPS1BY pBERadEFthg step b) of

- .the 28 Sept enber ﬁgOS 13 substrate are exposed and, in the case of other
nmet hods of |ﬁ§?& %95%P8n, certain parts of a netal layer fornmed over the

entire surface of the &b%sgeggggrfg ethgxggﬁgga ??gggg%%geggdéggﬁggzE;e.of

the photoresist 5 positirve Of negative - € pa

devel oprent  gperapbansave bhoybLadyat eloptrc UILELadaLed, paLgay The

irradi ati on and devel opnment o e secon ayer of photoresrs

carried out Hgi RErkBE, L#0apBthede;desehi PRE Formtbe fitsiut BY¥Srinfa
photoresist. The tracks and microvias are formed by netallization over

all or part eblsentasfa/setinptrtecbed by Lheusecosdliayes of apboioresist,
either, before the |latter has been applied or after certain '
fluid. By way of example of a resist, 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.




15 parts of the latter have been renpved. The netallization may be carried

- out electrochenically (electrolessly) and/or elect r ogheyy cal h{b;ér(\@
-current). The latter process is nore particularly preferred as it is nore

rapid. I'n addition, it may be 20 carried out in acid nedium thereby
preventing the photosensitive | ayers f{$nismelling and thus inproving the
positioning precision for the various ittadi ation and devel opnent steps
and ‘i nprovi ng the reIiabiIity and longevity of the circuitries. For

| | yt t t t
nr oasi g COPPRHES- T Aot BPOPSY pPer or Wbl yhCaphar 8f°§f%%f5%%%%ﬂ?eai

| ectrol k bed 28
Septomber 2005 THLPRER Blobn et BT ASETE dera Al Bvef el

current) is eogfaﬁieaifwnailetsﬁ@gﬁguggﬁtie gesprd bed, ip 1E£§¥£'QP§C" a of

Pol ymer Sci ence acuna ccording to a particul ar

preferred mephgdseqf DQBEE&?H&'@S the SXAPL € 21D PR Sred DS -

nmetal |i zati on, whether el ectrochemcal or electrolytic, 1is continued until

~a netal Ieyepobavwg art hbgkpess - ofndtpd past rénpred piefei@btyea thickness
‘of between 10 and 20 pm 1s obtained. Step c) conprises, advantageously

before the cetalbpmantotpepasiep afe foHen ngr@djsairtécay@r capabl e of = being
~metallized. Such a sublayer is forned on the
D unirradiated parts.
The irradiatioo and development of the second
layer of photoresist may be carried out using thev
10 methods described for the first layer of photoresisti
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 hae been applied or after certain
15 parts of the latter have been removed. The |
emeﬁallization may be carried out electrochemically
(electrolessly) and/or electrochemicall?r(with a
current) . The_letper process is more particularly
preferred as it is more rapid. In addition, 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 reliability 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 &ﬁ]%ﬁ_f s by
s%gcrma arzgﬂﬁt

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 cal
deposition of netal is catalysed by the sublayer., and the netallization
is equival ent to thoseLiksihgepathadilgomolpitdti aganl Ties reshods of
production for obtaining a sublayer capable of being netallized are
preferred. Aetbhdingutrerd fiirssta metivedtdbnpt odechimgyiche: isaabl ayer, the
~conpound capabl e of inducing subsequent .28 Septenber 2005 15 According to
a first nethé@seripedducifnyidepesiapl afePolyher chrmpowred [Japabké, of i nduci ng
subsequent netalljzation is chosen fromthe abovenenti oned netal oxides
and the sublE?er%%‘@%*r med by bringing the first 5 -layer or exposed parts

of the first. layer into contact wth a solution of a salt of a noble
nmetal capabl e of bei n%c?%ﬁ‘glé&jt@%)ﬂa&élﬁéﬁﬁi‘féb’e@?ewlf% RHihest ep, ot her

| ayers may be.brought .i.nto.contact with.. the solution. The latter-has no
10" useful actt ofion tHEsE %t refiﬁli}lé’wg. eyfgﬁﬂg}m%i“tc%nﬁ%‘ﬁmus subl ayer of

nobl e motal hScLoriEa o | NR-BHROSed.cRYLLAGR: O e it geet; The
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




‘the subl ayer is between. 106 and 103 Q/E]. It is preferably less than
103. 92/ D. This allows 15 '.electrochem cal netallizati i ed
out, preferably with increasing current. It shouldé%eg% gi%F%% %@P by way
- of indlcatlon that the cohesion of the sublayer inproves as the .
concentration of oxide particles. increases. 20 As preferred sol utions of
noble nmetal salts, nention may be made ~of Au, Ag, Rh, Pd, GCs, Ir and Pt
salt solutions with a counterion.chosen fron1C1-, hK}S and C}BCID7 . .The

| contacting process nmay, be carried out to t he soI i on, by

- _spraying or Fy the 25¥ﬁﬁ§§§§é‘ %:aqwﬁﬁﬁg% ‘£ ‘Tetgltsalt
is in gener y between
1.5 and 2. 5% al C%_r( t\Meb%O%ggm Ic%ja? %dl ng aci (5’]5 hpgec{ureena ment in
acid 28 Septnﬁem %%% 6 l@%ﬁﬁﬁ‘ﬂé?,{@ir@{@ M%é&bam 3 %atlo limt the

swel Il ing of the re5|st ayers es place

Excel | ent. defiqud 004 aMt &aldwet 1 Planaidd byt angf ok abtained using
this first 5 nethod of producing the circuitries. It should be nentioned

~ that the 3 raaly@ntoMiddbore Bt 190ldft itore ofirgohlgaretialtsaldr amy be
‘preceded by rinsing with-an "acid solution, for exanple with acetic acid,

if the firstithayerscdfutihet erfes ﬁal@rﬁfaimmocﬂla:mﬁﬁadardxphﬁlee ¥ particles.

~This rinsing makes it possible to increase
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™3
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




t he roughness of the surface, the cal cium carbonate particles present on
the surface being dissolved, and thus to inprove theg ad %%bBQrszobHe net al
- films. For the first nethod of form ng.a sublayer, 15t met al oxi de
particles are preferably chosen from MO N O Cu20 and SnO,and are
preferably contained in the first IayeJ(rJGi n an anount of 2.5-90% by wei ght,
even nore preferably in an-anmount of 10-30% The preferred netal oxide is
~.cuprous oxi de Cu20. Advantageously, the 20 solution contains at |east 10 5

mol /1, prefgﬁ%#)l%n B%% grg rﬁ%gndlgn%ggsrﬁié tooillglgi%;)lif netal salt. A

conti nuous ayer- o avi ckness ¥s than 1 pmis

mproving e’ %@i%e?l? ?@“%‘%P?%S“Eéfn#?ié%? ont SE e aé R el sat on.

By way of sglds; ‘?éfpent gRDE{ on Qg% AuBr3 (HAuBr4),
AuCl3 (HAuC14) or Au2C16 ver acetate, s ver enzoate AgBr03 Agd O4,
28 Sept enbers 2005 i1, AGQEN h AINSre AGASThe RUGEh BHRG AhGL3 H20, Rh (NO3)
2. 2H20, 2p(804) 3Y 4H20 Pd(CH3COO) 2, Rh2 (SO4) 3- 12H20, Rh2 (SO4) 3 -

15000, P BRI 2B g S GO, Pk (GHROD)be

2,0sCl 4,00 3., 00 3- 3H20, 614, IrBr3. 4H20, IrCl2r

: IrCI4 IrCBrEMﬁHdkdﬁHa(ﬁﬁéﬁﬂﬁhb PreGlder?t Glixh Rin (&X) sb1vdkHZG agyd Pt

(COC12) C12, and correspondi ng conpl exes such as NaAuCl4, (NH4)2 PdCl4

- (NH4).2 PdClGlj_OlZI‘IZE RIS Sﬂlﬂ@u@m beTheresatsl e dyy obitred dmax wisttpaart i cul arly

< vell-. acid solutlon, 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 choéen 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 improviﬁg the

25 qualify'of the connections obtained after
metallization. By way of salts than can be uséd,

mention may be made of AuBrj (HAuBr,;), AuCls (HAuCl,) or

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




10 suited to electrolytic netallization. For exanple, electrolytic

nmetallization wwth an increasing current nay be “S%ﬂks;'%é%?kﬂabb%% of the
- sublayer within the context of the first nmethod may especially conprise
the 15 foll ow ng operations: exposure of the nmetal oxide particles -

- contained in the first layer of photoresist. This operation is preferably

carried out by alkaline etching (for exanple using a sodi um hydroxide or
pot assi um 20 hydroxi de sol ution in.aqueous/al coholic nmediun) and then

rinsing wt r, Si N | t oni¢c hath, s tor ve the

oxi de part?%? Ex%%@éﬂ:qhéspﬁeagP?gf érR%FgﬁhE#%r2¥$@¥h26°Igghs i nert

25 fillers, C cal.cl ury e fill w1 urface i s nade

slightly roug (tt;é'ﬁz&i %&'Cﬁﬁéﬁﬁ%@%ﬁé’ o%!é’r gjf[ﬁi’&ﬁ ?§H7pof’ef erably separate from

~the operati I i t t ak bl ; ep er 05 18 -
formng a‘céﬁﬂﬁﬁﬁézg g%@g% ?ﬁgﬁ§§e?dggzn%%$% &%§54' Egggﬁﬁ?ég?ing with an

aqueous, acigh s@iiidon, obsa1, Nobser etalcsaki,oByoyay, afrgldigasion, it

shoul d be mentioned that the sublayer obtained is 5 generally a nonoatomc
| ayer singe thei ol et ako, ACEBAS apacniesHo, contl Huatkicay, of the

. oxi dation-reduction. reaction. The-layer is continuous as sone of the
et al oxi de RENSQ4M;€SHZO and Pt (COCl;)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;




rel ease ions by dissolution. These ions react in 1Q aqueous nediumw th the
“noble-netal salt, reducing this metal, which is dee9§kﬁggjg%ggszbbgling
- the inter-particle spaces. The reaction is all the nore effective and
econonmi c the nore confined the aqueous. noble. netal salt nmedium For this
reason, 15 it is preferred to carry out the reaction in a thin layer, that
is to.say by inmersion in the solutiodfontaining the noble netal salt,
and to renpbve it as soon as possible afterwards. The reaction then takes
pl ace in the aqueous solution 20 | ayer entrained with the object. According
to a second Tret hoP B M FIRSTHGE RHRS Rffidly TUb ke T SHfpdinhd S #sdtsile of
i nduci ng sUbsequgﬁ% netal ljzation is chosen from.the abovenentioned netal

I

oxides_.d andtthef t %%&ﬁaiEiWQN : EylﬁquﬁﬁiﬁJtﬁﬁi i (;E?q &fer? 0{
exposed parts o irs ayer, into contact. a _redycin en
capabl'e of r educilhogge"tehé“eogﬁ]deyﬁptar ﬁyclwé_?’. Jélédéutc@ éjrn’Zd%S S{'g’u%%iri ng this
step, other |ayer /..be br t. Junta t i.th t .reduci ng agent,

.~ this having no l}iee?%ln accfrlleocﬁy%r%tt erh% Sf%as%y%? so\lggb agféa:&e& reduced and

- conducti g formi | rﬁﬁafeﬁ?lg(ooap r&crh% iEE;CQagfeIt r%‘::‘Lnfder z:thgf %o%ﬁ%eﬁnetcracim the

metal oxide. Wt ntext of the second netho ormng the
subl ayer, the prefard ed etdr,0dde d SorRURhRUS RXidte tdd20. According to

" this nethod, the first
2 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.




" layer advantageously contains from 10 to 90% 10 preferably from 25 to 90%

by weight of netal oxide. In an alternative form i i I t han
. 10% cuprous oxi de. Depending on the case, the sub|§$e%%$%%#§§ri§%65

-continuous or discontinuous, and has a surface resistivity of between 0.01
and 106 The surface resistivity that it is possible to achieve in the

subl ayer depends on the conposition oflfhe first |ayer of photoresist. It
-shoul d be pointed out by way of indication that the cohesion of the =
subl ayer is better the_higher the concentration of .20 oxide particles.
~When the-first layer oPuphB®oFesfsEtepnsPLhar bIY§FDMan B DovsEit wei ght
of netal-oxide; fromO to ,50% by. wei ght of one or npre inert and

nonconduct i niPtPi FPRF]SE aHUCR r BT 1D°RRCH096 29EMei g DINHOYRHERC 25 resi st

t he reduction i dvant ageous contj nued_ unt.i. a surface resistivity of
0.01 to 103 Vi??%foﬁ? f%&d@n %géﬁén Pay 2 T ?¥ﬁﬁn%£éﬁ%§ﬁ?%f Q%Aobtained.
The conti nuj I he.surface_rebistivities reached e 28 Sept enber
2005 20 it p%é%?@?@l%Q %@f?i%%l%?r %éd?%'tl?é% et %t ol Vi ¢ e al li zation

on the subl aygfer FOEEXAID! far fl§§$égjytic metal | i zation with increasing
current may be used. 5 en t%e irst |ayer of photoresist consists of

‘less than 10% by wei ghtiofifetial @¥idsie f6OMIL (R WE] it of one or |

“nmore inert and nonconductlng
- 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




“fillers; and from50 to 90% by wei ght of polyner resist, the reduction is
advantageously continued until 10 a surface resisti Vit 105
1/"~ is obtained. In this case, the sublayer my hgéegggéggkg%ngpgges.
The continuous or disconti nuous subl ayer also allows catalysis of the
" subsequent netal deposit while still being conpletely conpatible with it.
15 More specifically, this step helps t4 i nprove the adhesion of the
subsequent netal deposit, while preventing any break in the electrical
conduction wthin the netallized vias. . The formation of the subl ayer

within the 30 RUHRIES o (PR SEOWRI e AP if eSpeeliafinplotiist i se  the

follows steps:. exposure of the netal oxide particles contained in the
first |ayer Bt aplﬂdtzc?rtés‘?ns Cf.n EI*I'“FF S'Sthb]e?Béet]?'orFCi% XA G abl y carri ed-out by -

al kal i ne etc f.0 e usin odlun1h dr oxi de or potaSS|um

hydr oxi de somﬁégﬁ#%ﬁF %Qﬁkﬁ é“ %%ﬁ? sy with
wat er, pOSSIb|yg n, an 28 Septenber 2005 21 uItrasonlc bath SO0 as to renove
the oxide partlfies exposed; if the first Iayer of photoreSist cont ai ns

LS S, SRR GO Aot o R 5 e
the . operatign 1Qfs @HQﬁth%W@lgkﬁj@@Wtal oxide; from 0 to
| 50% by weight 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




" - formation of a netal -sublayer by contacting with an aqueous sol ution
containing a reducing agent. .10 The sublayer is prgf e&%%@e%/rﬁfegr% £as a

. thin layer, by inmmersion in an aqueous sol ution containing e reducing

agent, and inmedi ate renoval, according to.a principle simlar to.that

~ described above. By way of indication, it should be pointed 15 out that

- when the netal oxide is a cuprous oxi de?l part of the copper 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 CuH, this is slowy

converted into copbefafietsf BrtRoof? t2%pk? at Peve tHee ¥ ¥Rir ogen di f f usi ng

to the outside. Hereafter, the presence of this transient hydride will not

be nentioned furk¥ert ﬁ%ér%ﬁ‘%?%‘%?:’e will sinply be nade to a netal |ayer..
tn order .to carry. reduct i on erson 25 skilled in the art may

“t he. 1

- select any one oflfﬁéeh‘:tf’ eﬁhﬁ%gf%‘ﬁee%t%‘@cé}b%tb?%e%lfs? et T Hd' SRt al  oxi de
t tal of i j t .. 28 { Achi.evi ng- t he desired

o metal o OXi df‘ﬁf’é‘ré, Sé‘g%ﬁ) ag cas_@(pl‘ﬁrlrb%r ﬁ%ﬁfﬁlggresw Jdhe desire

resistivity values durihn is step w epen orfe hand, on the

proportions and ofuthecdaidrg @ dhegelal r Qe CRM IR, iy t he pol ymer
matrix formng the dielectric 5 anid;% on the&ac(ﬁ her’ hand, on tlﬁgg extent of
-~ the reduction cariiedpatat £SPecsd ghtorOmhihe domerpfe radiicivye agent  used
~.and the prior stripping step. _ '
o : operation of forming 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.



"The nature of the netal- | ayer deposited varies depending on the type of

- reduci ng agent used and 10 on the nature of the net uced.
- According to a preferred met hod of inplenenting the%ilnvéﬂ%?on %ﬁgﬁp
reduci ng agent is a borohydride. The action of borohydrides mhen t he net al
oxide is a cuprous oxide is described nore specifically 15 below. Cu20is
reduced to netallic copper by the acti®fA of a borohydride. By using this
~type of reducing agent, the Ilayer forned on the surface of the dielectric-

is a 20 continuous or _discontin ﬁus metal |ayer of copper. The

bor ohydri des that can @§E&§¥&nﬂng Gagesdgpdt F ﬁ%éﬁlﬁbFBhvaiPﬁﬁs as well as

unsubstltutegurg roh%drid S, ti,tute borog drides, i n which at-npst '

t hree hydrogen a%gng of F%gpbgﬁ y&FPaR% oR™h %8 B%Enhﬁgdreﬁ?aEE@ with

Subst ! Luent S pl:abacl ARH! oHIIRL hEurer SRUERLOfEONCLLL GRS, such as for
E ra a?ﬁgﬁg 3 %als

exanple with ica radrcal s~ an may be

used. PreferéBthlﬂEﬁahhn%hQ0§8ﬂ¥ﬂ%£g§§t§£§ Péﬁﬂlh ggesg %fgggr 2005 23

whi-ch. t he al kal i ne part consi I um or pot sSium ™ Typica at® exanpl es

~of conpousdsahBat ol eheSHBLhab! RaAge: ﬁOQhQ%QQéRBYQf'E&?e POLASSI S
~ borohydri de, sodlun1d|ethylborohydr|de and potassi um
triphenyl borobydtedeoutheespduchdyyt bat RENEyHS §ﬁffé§ﬁb£ﬁﬁ Shapty
| 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
béroh?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




. such as, -for 10 exanple, a lower aliphatic alcohol.

"by bringing the dielectric surface into contact with a solution of the

borohydride in water or in a mxture of water and Of28a§l’e§;&%¥ﬂ§ﬁggb?253iob\e/ﬁnt

to purely borohydride solutions. The concentration of these solutions may
vary over wide limts and it preferably lies between 0.05 and 1% (by
wei ght of active hydrogen of the 15 bor%%ydri de in the solution). The
reducing treatnent nay be carried out at high tenperature; however, it is

preferred to do so ' at tenperature close to room, tenperature, for '
exanpl e bet VB S BRI NE (hE T eGP T 1 e SRUHR iBn of the reaction,
it should be 20 noted that.it. gives rise to B d.to OH ions, which
have the ef RETABTS e BAH it SHETRI S The MRS GIAmG The raducti on.
However, at high val ues, .for .e I eater. than 13, the rate of '
reduction. i SQ‘}G%%?kggeseadrésb ?%%%uﬂ“tb(%(r%glﬁp%%%%%arﬁ%tgae%éél 5'to operate in .a

buf fered nediu 0 Bl - ﬁgqj : j te.: varyi ng

mai nly the %éﬁﬁ%ﬁ#'m@t sa\f%)%hs%%% to%l%]fgﬁogg)rﬁ{t%(ﬁ%-lt e extent of
the reducti on- 3% SepPLiseReHy2O0% 24 desired values, the treatnent tine ‘
necessary is generally quite short and, depending on the anmounts of oxide

included in the diel ectiéd cred&ﬂﬁgja&fé/a@ﬁm@en; @quecpraﬁtmsﬁmpq nd about
fifteen mnutes. For a given treatnent tinme, it is possible. to further
- vary the by bringing the dielectric surface into contact with a
solution of the borohydride in water or in a mixture of
water and of an inert polar solvent such as,_fbr
- 10 example, a lower aliphatic alcohol.
| Preferehce is given fo purely borohydride
solutions. The concentration of these solutions may
vary over wide limits and it preferably lies between
0.05 and 1% (by weight 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 té roém
temperature, for.example between 15 and 30°C. With
regard to-the execution Qf the reaction, it should be
20 noted that it gives rise to B(OH)3 énd to OH™ ions,
which have the effect of increasing the pH of the
| medium during the reductioﬁ. However, at high pH
values, for example greater than 13, the rate of
reduction ié decreased so that it may be advantageous
25 to operate in a buffered medium so as to hévé a well-
defined reduction rate.
By varying mainly the treatment time, it is

possible to easily control the extent of the reduction.




reduction rate by adding various accelerators to the nedium such as for

exanpl e boric acid, oxalic acid, <citric acid, tartafy i r I

chl orides such as cobalt(ll) chloride, nickel (Il) %ﬁ:%F% ggbﬁgnggﬁgse(ll)
chloride and copper(I1) chloride. It is also possible to vary the anount of
bor ohydri de used so as to control the gﬁtent of the reduction. A preferred
operating nethod consists in dipping the substrate to be reduced into a
rel atively viscous borohydride solution and then in withdrawing the

substrate i ngosdesqteaphd oW the ¢ aduchdon OngL ald 40, take place in air.
The amount of borohydride ions BH4- consuned depends on the viscosity. The

BHA- theref ogene el quii e titidrd ayed, epdied Sy fawec o du@duged. This
process al so has the advantage of neither contamnating the initial bath
nor of destalsideihgelddedhin extaetdpatk et sei €ondidl opo@afwddre reduction
by the borohydride are such as those described in EP 82 094. However, it
must be undexlstwodbne enutw Bhidnabhet confex¢n ofiridteeexdip @ entvedi ment s,
only a surface part of the dielectric has to be reduced. 28 Septenber 2005
.25 The net al t¥oatmnems one hel subt ayessidree w obucEeeasvamwntlitohed above.
During the production of the circuitry level, the layer of photoresist is
renoved. ThiseHHerERT ot Py ROEET i &GS | FE ks GUC BT 65 dpendi ng on
t he net hod , : . . .

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; consumed depends on the wviscosity. The BHy4

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.




of inplenentation. The renoval may be carried out by dissolving or

stripping. The techni ques of conpletely renoving a;hgxﬁ&) ot esi st
are known. The renoval is easier if the second |ayer of “photoresist is not

in an advanced state of cure. Preferably, it is in the A-stage during its
renoval . The process may include a treagment step intended to place the
first layer of insulating photoresist in an advanced state of cure, for
exanple the B-stage. The treatnment nay, for exanple, consist in a curing
operation. It is prefelhblyetatliestoohsabt ethe thebbegondatayer of

phot oresi st has been renoved. The treatnment gives the circuitries greater
stability, PpaPereafansyngreheesddipensi onal stability, and thus allows

the placenment precision of the irradjation and  devel opment steps to be
i nproved. In addition, B‘i“fln‘i’i & PRIREHER PhgtPRefdbReREi T Y9 esins in

contact | ul L bt ol s ogs sedidlr g0, L gt G, SAUTEN, S The pr ocess

is particular or the ~“production of

mul tilayer podues Ha\W 18 BaGRoLE 80E8L T QBLA8RSI ] Yon I?:Ll’):'et hehpdet ai l's and
advant ages of the exanple enbodinents wll Dbecone nore clearly apparent 28

_ Septenber 2005 2fiplemétreatight THe thanPesl indy ase redhodsy ofut igpl ement ati on

gi ven below. Mre specifically, three nethods of inplenentation are

present ed, t@hbseobelng of | $ustprie. Bihd igrriesi @lowi ol seiEstd oy cr oss-
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




sectional views of the circuitries produced by a process according to the
exanpl e enbodi nents at various steps in the process,g Igeg%re%elra)zo Q | g)
represent the circuitry at the various steps in the process according to
the first nethod of inplenentation. Figures 2a) to 2h) represent the
circuitry at the various steps in the,process according to the second

nmet hod of inplenentation. Figures 3a) to 3i) represent the circuitry at

the various steps in the process according to the third nethod of

i mpl ement ati on. tkbgui €5t 40 tRe 463 rt EPEIESENheBhodd téfevel circuitry at
various steps in the process. According to a first nethod of

i npl enent at | onplehenpabiessgtvaprihekswt Mdofel $pwdhiicaleps:tiatde f or mi ng, on
a substrate 101 having ~metallizable parts 102 and/or potentially

netal |izabl e*phieds alfirRierayeition dfe PrRPREsHg PrtDMRSING  cont ai ning

t al i de . ticl th i de bei ng. ch f Cu, Co, C, N, Pb, Sb
gﬁdaSnoé;igeﬁfgﬁﬁ %?ggﬂr%§efﬁ€¢iéﬁ %ﬁéﬁaégégkrg@éﬁgguﬁ#%ﬁ%i one orInDre

other nonconductipga) apdeloest fid!ef sy 28 SeDSIBRI-QPYR 27 bI)

irradi ating and developing the firs ayer so. ~as to selectively expose
~metal lizabl ep8pgé®s 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;




“potentially-netall'i zabl-e parts of .the substrate; ci) formng,.-on the
first layer and on the 5 exposed parts of the substrate. a.S8ecend hayer 105

. of photoresist, intended to formselective protection, this second |ayer

- not containing netal oxide particles; dl) irradiating and devel oping the
second -layer .10 so as to selectively expose certain parts of the first
| ayer and certain parts of the substrat®: el) fornming a sublayer 107
capabl e of being netallized either by comng into contact with a 15
solution of a-noble netal salt capable of being reduced by the netal oxide

particles; or byetbniigradkardshiard WIH-PLnedha fd dedevedpdas e. of
- electrolytic Mot 112 ATIF SO (R0 LY &Y OF08  on. the
exposed parte of e tlish st AL Ohd oo suisligier g dl Lemoval o
Cory espons 2 1o L AALAN, eS0T L BiEN Lipe g occss: 28
C 5 exposed parts of the substrate, a second layer 105
of phptoreéist, 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.




~-insulating 5 photoresist capable of inducing subsequent

" second | ayer of photoresist is renoved at step gl). Steps all) and bi) are .

in accordance with steps a) and b). The conpound ipgt @eefoie%:eg: ?p?gt ;)Ln_ -

a nmetal oxide chosen fromCu, Co,: C, N, Pb and Sn oxides. Step c) of
formng tracks and mcrovias: is a sequence of steps conprising step cl),
~di), el), f1) and gl). The ways of car@ﬁ ng out-each step have been
detail ed above. During the process according to the first nethod of
-inmpl enmentation, a-photovia 104, i.e. a.via in an jnsulating phatoresist
emerging in a netall i]E%Tblté‘%aﬁjtrsszmeaqtﬂcgrog.1%%?%‘?%%@31‘?i zabl e 15
part, is forped in step bl). rin step.dg%? t he el ective protection is
obt ai ned by %?%%%ii%yﬁgr v?%sph%%%%%elsr TS The PRtV 104 so as
to expose t t i;g?l - 0 in via, 107 in the
region of a %%?E?So?ii he ilﬁsﬁa%%%é%oﬁ%%%%aorﬁesi sqg.h gfd: Sr_iar‘zg asqcaep el), a
subl ayer 107, capabl e~ HEINY; | 44.zad 4.8, 4,0r Iﬁﬁp di to one of the
.two et hods gi ven, %r %fda%glyn 'E‘%géafﬂllrst olrf‘},%vmc{%% el%lr I{bgf‘ nobl e net al

salts in gcighomsidisd eagand Vs hadmid) |dasdpredss produced, preferably
.electrolytically. 25 Metal interconnects 109, which wll especially form

tracks and metLV Bsat e btaimad] Idkiderdhen tfom RO | aker of
photoresist is renoved. The surface of the circuitry obtained conprises:
28 Sept enberN200 and Sn oxides. Step c¢) of forming tracks and '
microvias is a sequence of steps comp;ising step cl),
dl), el), f1) and gl}. -
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:




'f29 - the first layer 113. of photoresist; parts of tracks 111 on the
surface-of the first layer, which are not in contagt ghgmggg.§%%%trate

-5 - mcrovias 110 in contact with the substrate; - par t he tracks
112 on the surface of-the first layer, in contact with the mcrovia. 10
According to a second nethod of . inple tation, the process conprises the
followng steps: a2) formng, on a subStrate 201 having netallizable 7
-parts 202 and/or potentially 15 netallizable parts, a first layer 203 of

i nsul ati ng phot oresi st cont aj t oxi rticles oxi de bei ng
chosen from Cu, Co, Cr; Ni,%b ?ggng a%ﬁr g?aeg Rh hPf?ﬁF@ thereof and,
wher e appropriate, one_or npre.other non tiLng 0 inert fillers;
b2) irradiating and developPﬁﬁchg% Fgf ggi H thé §9§ngc? vel y expose

netal | i zabl e and/ or potentgﬁe O%ggkaig&égphg?ggﬁpgrgfngg ;gubstrate; c2)

forming a sublayer 205 capa éin i ze e surface of the

first layer of photoresist_gpd,ef &Qﬁhe§HQS§QbQ€EE§e9f the substrate; 28
Sept enber 2005 o : :

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. o
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;




30 5 either by comng into contact wwth a solution of a noble netal salt

capabl e of being reduced by the netal oxide particlessQi Ggpgﬂhﬂg into
. contact with a reduci ng agent capable. of reducing the tal oxide
particles; d2) el ectrochem cal and/or electrolytic netallization so as to
deposit. a nmetal layer 206 10 on. the first layer and on the exposed parts
of the substrate; e2) -formng on theiﬂﬁtallized surface a second |ayer
207 .of photoresist; f2) irradiating and devel opi ng the second | ayer = 15 so

as to selectively expose certain parts of the .netal |ayer; g2) renoving
the netal |ayer fromthe re§ibhehiby tFHIHG t S0 eXpolRbGurYhef step f2); h2)

: renoving the second | ayer of photoresist. 20 The sconf net hod. of
i npl enentation correspondsSPHU Al ¢ Z%I?%mi%c%%? gt & F-type

process For the second nethod of.inpl ement ation,, the second, |ayer of
photoresist is removed in S?gpb?ﬁ}g e sb%ZSh%nlaeifﬁf %+ n” accor dance

with steps a) and b). Theuéggpﬂgp inthe first layer of insulating
phot oresi st capabl e of inducing Subsequent : ‘
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 developing 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,




"netallization is a netal oxide chosen fromCu, Co, Cr, 28 Sept enber 2005 31

Ni, Pb and Sn oxides. Step c¢c) of formng tracks and 1 J i
. succession of steps conprising steps c¢2), d2), e2)f%?5§%ﬂ§% 5%3*%53.‘The
ways of inplenenting each step were 5 explained in detail above. During the
- process according to the second nethod of inplenentation, a photovia 204,
i.e. aviain an insulating photoresist3%nerging"in a netallizable part
202 and/or a potentially nmetallizable part, is formed in step b2). During
step c2), a |ayer 10 205 capable of being netallized is fornmed over the -
entire avai | Bbt ePBuRREcen oPX1 RS f | $E¢P | @Y Pl SREBEUP ngra¢bS oedof the two
gi ven net hods, ?referably the firsf ong, with the ajd.of noble netal salts
in acid mediGhr oDUT? ng° st ePpUdeFSS 1 %gt%T?P%a??%ﬁr+§l%%r§?%ﬂsout in 15.

order to obtainp a nt i nuou t | ayer, 206 over the entire avail able
surface. TheC%Eta?$F2a?$gh f%degé*eﬁﬁilgg%arried out electrolytically in
-acid-nmedium During s f | ect Ccll I i ned by
produci ng vies 208 in %ﬁ% e %n<§ I%yé%%ﬁéﬁEﬁégtééﬁg'%%Eggié%%d | ayer of

phot or esi gt éﬁﬁﬁéﬂﬁe@r%e@étégl%%fé Oy ihe Shk fRes-0fst 'cé@aéﬁal ayer .

Thus protection of the secon 209 in the region of the via 204 and .
protection ofothge SE£OHEL | RYEHo® 10F OMRS1 endRfdtIREr 62 AReFSvis Peayia in

the first layer thus remain. 25 In step g2), parts of the netal |ayer are
renoved, thesee past-8idaih Ngn bEesu Bapise bithlt d gs B¢ €Pemerging 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
preferably‘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,




"f2). This renoval may be carried out by etching or by dissolving, using
processes known per se. In general, 28 Septenber 2009 32 fheRar b senoved
. are those parts of the nmetal layer which are not in contact wth the
parts- exposed during step b2) before netallization. Preferably, the
renoval - is carried out by etching., preferably in acid nmedium After the
second | ayer of photoresist has been r&mved in step h2), the surface of
the circuitry. obtained conprises: 10 15 - the first layer 214 of
photoresist; - parts of tracks.212 on the surface of the first |ayer,.which
are not in EbAtBEEFtHi FAMPHRdsablt FRAPee PRTET ovf ashemetal chbitaEt with the
substrate; parts of the tracks 213 on the surface’ of the first |layer, in

contact with¥PRER AFerBotall ACRBFAFhg¥t bP a R hi P Bt WP TP i AT thnt at i on
(e, brocess: cOIRr SEopibe-(Lou g, shene: s3LeloUnyo. on ostbairaie 301
e R eRhaa M G BLF Phechale SO LB he B
5 After the second layer of photoresist has
been rgmoved in step h2), the surface of the circuitrQ.-
'thained 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 thé 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;




"Ni, Pb, Sb and Sn oxi des and ni xtures ther eof and, 25 where appropriate,

. one or nore other nonconducting and inert fillers; ;283 %%F%%rZ%@%S 33 10
. -b3) irradiating and developing the first |layer so as thSe ectively

expose netal lizable and/or potentially nmetallizable parts .of the :
substrate; c¢3) formng a sublayer 305 capable of being netallized on the
'surface of the first layer of the phoféresist and of the exposed parts of
the substrate either by coming into contact with a solution of a noble
netal salt capable of being reduced by the netal oxi de pg;ticles or by
coming into cont’adt witHasiatddgciPRg SGERLCPIRFLIFESof 1FEFULPYG T FE net al
oxide particles; 15 d3) ere appropriate | ect.ro Henic |, and/ or
el ectrol ytic net &3 itPatsE C§&V§3%t8X@8685@F%§ﬁiﬁ§P§ el§?§/°§06 on the first
| ayer and on the xposed .part f..the.substrate; f i.ng.a second
| ayer 207 of pho§5&§§5§ﬁﬂ&ﬁ'Hf%aﬁﬁézﬁggglpﬁfgﬁ Sgrgg%efg%%%ggggéond_Iayer
not .pontalnlngcﬁﬁta%OQXL%% %a%hhﬁgﬁ%& %%b E%%%ﬁh%tngb%Eg develqplng t he
seco rid |ayer sO'as t0 sel'ectively'expose ceftain parts of the
5 metallized on the surface of the first layer of
the phétoresist ahd of the exposed parts of the
substrate
- . either by coming into contact with a
solution of a noble metal salt capable
10 ‘of being reduced by the metal oxide
pafticles
- or by coming into contact with a
reducing agent capable of reducing the
metal oxide particles; |
15 'd3) where appropfiate, electrochemical and/or
' eléétrolytic-metallizatiOn so as to déﬁosit a
metal 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 surface, this second layer not
containing metal oxide particles;
£f3) irradiating and developing the second 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};




" netal | ayer; 2.5 g3) reinforcing the nmetal layer by netallization in the

regi on.of the parts exposed during step f3) ; 28 S@@tg@?@@m%@952§@5h3)
. renoving the second | ayer of photoresist so as to exposé the netal |ayer

reinforced in certain parts; i3) etching the netal |ayer so as to renove
all 5 of the layer on the parts which have not been reinforced. The
“ third method of inplenentation correspdhds to netallization according to a
" panel -type process with patterned reinforcenent. 10 In the case of the
“third nethod of inplenmentation, the second |ayer of photoresist is renoved -
in step h3). Steps3h3)ramaviyy the seronfdrRincet WReretepssh)Sand b). The
conmpound in the first layer of insulating photoresist capable of , 15
i nduci ng subsequed® WetakPeatiiyh Fatal nRYET GG VHRRAN R reff iR co, O,
Ni , Pb, Sn oxi des. Step c) of forming tracks and microvias is a succession
~of steps conpri sPHEESteps c3),.d3), 63) f3), g3), h3) and i 3). The ways
of inplenenting each ste@hmere 20 explained in detail above. Ehi%ng t he

Ho

process accor di ngl o ther 9 riPHet Rt of X hpl Tt &7 oY P via 304,
S, TP AT LS00
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.

implementation, 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 photovia 304,
i.e. a via in an insulating photoresist emefging in a
metallizable or potentially 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.




!

. according to one of the two given nethods, preferably the
“wWith the aid of noble netal salts in acid nedium 28 Septenber 2005 35

" formed in step b3). During step ¢3), a sublayer 305 25 capabl e of being

metallized is formed over the entire available surfzaéc%ecgte?,ﬁj%rf i+sfs | ayer,
Irst one,. _

During a step d3), netallization may be carried out.in order to obtain a
continuous nmetal |ayer 306 over the entire available surface- By neans of
step.f3), the selective protection is obtained by producing a vias 5 308

SO0 as to expose the netal layer in the region of the photovia 304 and a -

via 30"9 is Opringied SbeRsddb BXpROLElFHel tRIBAY | RS FAT R ehePtegi®n of part
of the first |ayer where there is, no photovia._ In Stf@ g3€éthose parts -of
the metal | ayedet 18° eXpbEy %iu??rhbl%‘f%‘gs‘ fagtat phayes 186 QU nt3%e region

of the vias 308. and 309 e reinforced. The reipnforce t 310 may consist -
of a sinpl e,e%%%‘?fyav%%]c%a%?es,u %% fe%' M€t @ a%ef%r%‘?) 1 h%h%arre nat ur e
as the netal_J|ayver. and preferabl j ol yitj

metal lizati osfﬁiﬁ%tgl%r%i %ﬁ%ges%tjb nt:lﬁ% %%Ipee?alg}grﬁlso%ﬁ%gﬁ# egll n‘%ioésced parts is
greater tha e el T i . fay..al so consi st
of a neta I?B(:@@rra%%r?sal» %h%fi?ﬁ(?%&ﬁ%%@ggés%%/ i(;%(f: J.gb e,oiﬁfuc 16165%9% d. 20 After

the layer ofiiphotRsestsi 565 Deen vEIyes id Stepihd) sdhesnesal layer is
etched during a  step i3) so as to renove all of the netal |ayer on the
" expose the metal layer in the region of pa;t 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.




parts which have not been reinforced and to [ eave a netal filmon the
parts which have been reinforced. 25 This is carriedgoueyphe8xample, by
.differential etching. The etching is carried out in acid nmedium for
exanpl e. 28 Septenber 2005 36 The surface of the circuitry obtained .
conprises: the first |layer 314 of photoresist parts of tracks 312 on the
surface of 5 the first layer, which are3fiot in contact with the substrate;
mcrovias 311 in contact with the substrate; parts of the tracks 313 on
the surface 10 of the first layer, in contact with the _mcrovia. The
circuitry level obtai neBenayrsappoPf thRoFhEFUEFFEUPPFILPedel, obt ai ned
according to the ,sequences of simlar steps. One enbodi nent of_a second 15
circuitry IeGBWpF%SG ven below, illustrated by . Figures 4a to 4c. In this

Fhe Tirst method of 1p enEhbatiBnt 28Ven hd SrorafrdEE Tt [ayer of
_thtoresist is formed on th§?§9£f§f9t9£c§scbi§“bﬂr¥he{§X§£a89t§%ned by one
of the nmethods of inplenentatton .
5 = 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,




" described above, having the |ayer 401 of insulating photoresist containing

nmetal oxide particles of the 25 -previous circuitryJeevel (iLhe sopgalled
- lower level) and having tracks -and mcrovias 402, 403. Ebrlng step b4) the

first layer of resist is irradiated and developed so as to form photovi as
406, 28. Septenber 2005 37 407 energing in a track part or in mcrovia 402,
403 and, where appropriate, in a potendVally netallizable part 405 _
consisting of part of .the first layer of the |ower level (the second Iayer
of the lower |level was 5 renoved). During step c4) and d4 a second | ayer
of phot ores#8t Emedepssi teda tragli pest andiBxpbseavia 48 foffvsel ective
protection. During a step e4), "a subl.ayer abl-e of 10_being_retallized
i's formed as®B8scrPBES QBBV@PrlﬁﬁﬁthéFnBrEOt?ﬁgléﬁ%YaW%FagélFégﬁﬁd on the

unprotected ‘surfaces of the first nd. on_t he potentiall
“netal | i zabl ePgaff 4C8 &eeﬂmawfas’?% 2 Ea?rféassufaaﬁﬁ R§ fhe, ep 15

sond Tove B oA R PSR
process faor ngrlggslng a nultilevel
‘During step c4) and dd), a seeond‘layer of
| photoresist is deposited,.irradiated and exposed-so as
to form selective ptotection.
During a etep ed), a sublayer capable of -
10 being metallized is forﬁed as described above.
Furthermore, the sublaye# is formed on the unprotected.
surfaces of the first layer and on the potentially |
metallizable surface 405.
Metallization is carried out during a sfep
15 £4). Traeks and microvies 410, 411, 412 are_formed.
During a step g4), the second layer of

photoresist is removed.




interconnect circuitry conprising netal tracks and mcrovias, conprising
the follow ng steps for producing at |east one |evelg @ptaangoosn a
substrate having parts directly nmetallizable and parts netallizable after
treatnment on its surface, a first layer of insulating photosensitive resin
cont ai ning a conpound capabl e of indGd& ng subsequent netallization; b)
irradiating and developing said first I|ayer of insulating photosensitive
resin so as to selectively expose the parts of the substrate directly
metal | i zabl e and the parts of the s&h&8IM8te nmetallizable after treatment;
c) formng, by netallization, nmetal tracks and mcrovias on the surface of
the first layer of insulating photosensitive resin and of the parts

exposed in step b), fﬁth he use of _a sgecond |ayer of hot osensi tive

resin formng sel ective protREtron® {he %ﬁ%%%%%? Qﬁtqmﬁuik#iﬁY dngi f or f
duci . . . .

Dhot or esi tb&teiggﬁ%EéE]é¢¥%ﬁi§%¥ié&ﬁ%fﬁ?#ﬁé&ﬂéﬁé$;d%§%g§Eﬁﬁgon ower

phot oresi st is renoved, charac rate is a |ower
circuitry |gveloythe dishgcthy FEY bl gehl@odeidig Rl itacks or
m crovi as and t%%Lparts 8lSép?enber 2005 éé?netgflizabﬁg%% fgrg?reatnent
bei ng non- ngt aldd zedbnPards=havi ng served as a first layer of insulating
photoresi st for producing a | ower |evel.

' 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




2. The process as clained in claiml, characterized in that the second
“layer of photosensitive resin does not contain a C OB GuRE crkpabloe sof

i nduci.ng subsequent netallization. 3. The process as clainmed in claim1 or

claim 2, characterized in that the conpound capable of inducing subsequent

metal | i zation consists of particles ofgqa nmetal oxide chosen from Cu, Co,

Cr, Ni, Pb, Sb and Sn oxides and m xtures thereof. 4. The process as

claimed in claim1l or claim2, characterized in that the first layer of

resin contah@sal DE£ALNONEPREHCE F Dt hdht @5Sin® ndhand¥PCeSSAS clainmed in
claiml or claim2, characterized in that the netallizationis carried

out on a subpayes capabhyesofvdeing aetatdd zedyer fof mats beftorghand on the
surface of ‘the first |ayer of photosensitive resin or of exposed parts of
the first |pyetontsphiotdsensredveingsi nloer Thevgr ocess as clainmed in
claim5, characterized in that the conpound capabl e of inducing

subsequent netallizatidn cobist stxoofspars iclaignad i aoistial loxi de chosen
fromCu, Co, Cr, N, Pb, Sb and Sn oxides and m xtures thereof and in that
t he subl ayerCharagiep etedyln Hehat ridhe |syeambflaitat osfensitive resin or 28

. Sept enber 2005 40 parts, of the first |ayer of photosensitive resin com ng
into cont actPRPIPSSHHLTT oFf DD £bIE et Edl 2 AR of bei ng

reduced by téﬁ%éﬁﬂék%fmgﬁéé%fﬁh 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 iﬁ 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




7. The process as clainmed in claim®6, characterized in that the noble
metal salt solution is an acid solution. 8. The promessm@entlai POGS N
claim5, characterized in that the noble nmetal salt is chosen from Au,
Ag, Rh, Pd, Gs, 1"r and Pt salts with a counterion chosen fromd -, NO3-
and CH3COOrv. 9. The process as claineggn claim5, characterized in that
t he conpound capabl e of inducing subsequent netallization consists of
particles of a netal oxide chosen fromCu, Co, C, N, Pb, Sb and Sn

oxi des and npxtus ess ther eofsanthydy birabhbhessub @Y desin QOHBHAGDY the
first layer of photosensitive resin or parts of the first |ayer of

phot osensi ti yatoesbmt &oiMiwigh i Ntsplaant@actoMid habreduaidlg sagent capabl e of
reducing the oxide particles. 10. The process as clainmed in one of clains
6 to 9, charaspebizedfibeihat rétiecparbycties okidé hgaftistied ayer of

phot osensitive resin are exposed before the sublayer capable of being
metallized is forned.711. The process as claimed im oheirnféclaine 1, 2
6, 7 and 9, characterized in that the netallization is carried out

el ect rocheni €BRF§Chabiord &heklabl Ve cadhpie metabptehberoROOBm1id2. The
process as claimed in one of clains 1, 2, 6, 7 and 9, characterized in

that the an acid solution.

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.




metallization is carried out electrolytically in acid nedium 13. The
process as clainmed in one of clains 6 to 9, characty iszgddribdhatoost ep c)
conprises the followng steps: cl) formng, on the first |ayer and on the

.exposed parts of the substrate, a second |ayer of photosensitive resin,

intended to formselective protection,this second |ayer not containing a
conpound capabl e of inducing subsequent netallization; dl) irradiating and
devel opi ng said second | ayer of photosensitive resin so as to selectively

expose certain parts of2fhendipsdctayessantyifed tal noards ofa e

" substrate; el) formng a sublayer capable of being netallized either by

com ng into tpntace, Wi tdn@ 9sothiiantefiacmobh ecdet athesalt capable of
bei ng reduced by the netal oxide particles; or by comng into contact with
a. reduci ng mgentlcapabbe 0§ caducédgothesleamtabl phdcel parin deisy fl)

el ectrochem cal and/or electrolytic netallization so as to deposit a netal
| ayer on 28 We@iwhber 2005 42 the exposed parts of the first layer and of

t he
13. The process as claimed in one 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




substrate; gl) renoval of the second |ayer of photosensitive resin. 14.
The process as clainmed in one of clainms 6 to 9, characigidzedd nopkat step
c) conprises the following steps: c2) formng a sublayer capabl e of being
metallized on the surface of the first layer of the photosensitive resin
~and of the exposed parts of the subst#ate - either by com ng into contact
with a solution of a noble netal salt capable of being reduced by the
metal oxide particles or by coming into contact with a reducing agent
capabl e of reduc’F]ﬁ@ tHROSPRtRRT BRI @6 Phetfirel; lapgr cpedtebchedi cal and/ or

el ectrolytic @I%Ilzatlon so as to deposit a netal |layer on the first

| ayer and on the® ?) 2 'parts of the substrate; e2) formng on the
metallized surfac a secona(;]8 é)%g% enS|t| e resin intended to form
the sel ective pr% ket TRV é atll‘éerfﬁ irradiating and

devel opi ng sai dp@‘?‘?@@‘g‘?ﬁﬁ‘?{"e oa(?g tos§n5| tive resin so as to selectively

expose certain ayer;
The process as claimed in one of

claims 6 to 9, characterized in that 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;




g2) renmoving the netal |ayer fromthe parts exposed during step f2); h2)
rempving the second |ayer of photosensitive resin. )k5.5.MAQMPQCE9H5aS
claimed in one of claims 6 to 9, characterized in that Step c) conprises
the following steps: ¢3) formng a sublayer capable of being netallized
on the surface of the first |ayer of 4Bhe photosensitive resin and of the
exposed parts of the substrate either by comng into contact with a
solution of a noble nmetal salt capable of being reduced by the nmetal oxide

particles; or byfZbnihgradiatientaed deThiepinediritgs kasbl e of
reducing the netal oxide particles; ,.d3) where appropriate,
el ectrocheni cal ¥hd?RPtogteettbI§treS et 13T At BVl deposit a

nmetal |ayer on the firstela er quton qﬁlex 0%§P parts of the substrate;
e3) formng on tF&REY af ]éﬁ%/:l‘ o) %e%%n ?5@%‘? _ ot ¥iHoh osensitive resin
ot ended o Tor NS A SERSTES O0R Yifel sERNSM Sigsiton, T secone
metal lization;, oxposed 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




f3) irradiating and devel opi ng said second | ayer of photosensitive resin
so as to selectively expose certain parts of the netqlsdmyalberd3005s
reinforcing the nmetal |ayer by netallization in the region of the parts
exposed during step f3) ; h3) renoving the second | ayer of photoresist so

as to expose the netal layer reinforcéd in certain parts; i3) etching the

netal |ayer so as to renove all of the layer on the parts which have not

been: reinforced. 16. The process _as clainmed in one of clains 6 to 9,
characterized i nSEhaftivei HEPLREsIA st EpiofSeerdt I3 E Mt irst | ayer of
phot osensitive resipn so,as _to obtain a B-- [ 17. The process as

tage resin,
clainmed in clain?%%?alEh%9a%t%9TQ%EP?rF??%Ef?h% t 1 é?&ﬁﬂ step is a curing

step carried out .l ayer of photosensitive resin has been
removed. 18. TheSpr%§ %éﬂgség %?ﬁ%%ggﬁé%he of claime 6 to 9, characterized

[n that the subspsale; i padi 4 ohd anc@raéwﬂo%ﬂ?cugéi&%@ééé& N gdacks on its

surface. 19. The use of the protess accordi o any one of t'he preceding

claims for produgk ngprbeees: 2B, Seps enbes, 2005 4551 dcui¢s1and mul til ayer

nmodul es having a high integration denS|t3.
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




20. Circuitries conprising tracks and mcrovias capable of being obtained
by the process as clained in any one of clains 1 t@gl&eptember 2005

45

circuits and multilayer modules having a high
integration density.

20. Circuitries comprising tracks and
microvias capable of being obtained by the process as

claimed in any one of claims 1 to 18.




