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PCT/ EPOQ 04406 DESCRI PTI ON
PROCESS PYRIBIARIOTI NG ADHESI ON BETWEEN AN | NORGANI C PCT/EP00/04406
SUBSTRATE AND AN ORGANI C POLYMER This invention relates to -

a process and conpositions for pronDtlnd “adhesion 5 bet ween an i norganic
substrate and an organic polyner. The invention mainly finds

application in the manufacture of printed circuits for electronic use. Mre
particul arly, t he invention15§§5§,1k9 Nya process for promoting
adhesi on between the copper sur- aces of printed circuits and a
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In the manufacture of multilayer printed circuits, circuits with two thin sur-

faces (known as internal layers) are prepared, and are then stacked, separating them

with layers of a dielectric consisting of an only partly polymerized resin (known as a
prepreg), and then laminated under the combined action of pressure and heat. Multi-

25 layer printed circuits obtained in this way have various circuit planes contained within
them, and are therefore able to provide a high density of interconnections. The con-
ductive elements of the various circuit planes are connected together by making a
suitable grid of interconnection holes which may be through-holes, blind holes or em-
bedded holes; the latter only connect internal layers with each other, but are always

30 constructed before the stacked layers are laminated. The holes are subjected to a
chemical cleaning treatment (known as desmearing) to remove the drilling residues
present on the hole walis and in particular on the internal layers of copper. Subse-
quently the walls of the holes are coated with metal, thus making the electrical con-
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problem but sonmetimes it al so constitutes functional problem In
any case [MPEANY of thepeqpblshs ki kaown as “Rink fng aWtI'QMenf ®ginted circuits arshowi ng

e o oof e 1900 At RO i S0 Sl eI AL 1110
par anet er 00 in thecargag suggunding the holes, at the interface between the oxidized copper
-3 - 25 surface and the layer of dielectric. During subsequent treatments for cleaning the
hole walls (desmearing) and depositing copper using chemical and electrolytic
means, the hole walls come into contact with acid solutions which seep by capillarity
into those areas where microdelamination has occurred and cause the layer of oxide,
which is soluble in acids, to be dissolved. Dissolution of the oxide layer in the areas
30  surrounding the holes exposes the surface of the underlying copper, which is of a
pink colour, hence the name “pink ring” given to this phenomenon.
Pink ring is often only an aesthetic problem, but sometimes it also constitutes
a functional problem. In any case it is a very serious problem, as multilayer circuits
showing evidence of this problem are commercially regarded as scrap. The pink ring
35 problem is very difficult to control; by operating on various parameters in the process
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and the layer of polymer resin. In addition to their low cost, these processes have the

30 great advantage that they are quite simple and can be used in a conveyor system,
making it possible to automate the treatment and ensure high levels of productivity.

The simplicity of these processes has also made it possible to use them for

new applications, e.g. to promote adhesion between the copper surfaces of the outer

faces of printed circuits (both double-sided and multilayer circuits) and a sheet of

35 polymer resin used to protect the surface of the circuit during the welding stage (the



rather |imted adhesi on between copper surfaces and the pol yner resin.
Anot-her pmemzmgsi s described in United States patent no. £ca7r0085406and
this provi des for the use of a conposition which includes ferric

chl oride or peroxysul phuric acid, a cationic surfactant based on

guat emary ammoni um and a secondary non-41:0 ionic surfactant. This
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Another process for promoting adhesion between a copper sheet and a -

30 polymer resin is described in United States patent no. 5,622,782, and this provides
for the use of a composition which comprises a mixture of two silanes, comprising an
alkoxysilane and a functional organic silane. This process is essentially designed to
treat copper sheets used for the production of base laminates, as an altemative to
the conventional surface-roughening processes normally performed electrolytically.

35 This treatment is performed on the opaque, that is the rough, surface of the copper
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or gani ¢ sidlieney elédtrodepbsiticrd spRUNE brighZsuTface ®MNUve 8dppatshEet, andXy g@corgar ri er
and an acid. In sone cases it is reconmended that bgf or?.bei n% used
layer by immersion in an aqueous solution containing benzotriazole denvatives,
phosphorus compounds and even silicon compounds, in particular silanes. Because
this process provides for the electrodeposition of alloys, it cannot be applied after the
30 stage of etching the copper. In addition this process is not designed to promote ad-
hesion, but essentially to improve the properties of the copper sheet, such as the re-
sistance of the surface to discolouring when hot, and so on.
The problems mentioned hitherto with reference to the most frequent situa-
tion where adhesion between a layer of copper and a layer of polymer resin is con-

35 sidered can also occur in other circumstances where the substrate is generically inor-



the functional organic silane should be subjected to at Ieast partial
hydrol ysis treat- ment . When t he onl¥

pol ymer iWedB#MS¥mer resin sheet is placed in contact c H‘W‘ﬁ@ﬁ
organonetal lic layer a conplex series of polynerization reactions which act
20  synergistically and which are capable of strongly promoting adhesion
bet ween the | norgani ¢ substrate #d the resin take pl ace at the

i nterface between the two systens under the action of pressure and
heat . In the production of printed circuits the process to
whi ch t hi ©1%vention rel at es can al so conveniently be used to pronote
adhesi on bet \A/eemhtshavemt:mrelatqsplera poces8 and domymssitioh foh @rarhoting adresidnt he
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especi al |y d Brduiin! £§ M BranSmeldife RYBPRhcAUE RiSRed byPhidhEY pfdeslid S an

in
parti cul asnlikercoppentdxitm insofubidim amgper surfaces of the internal |ayers of

mul tilayer ng%vegﬁlgrq tsclaff&".{bﬁ%hro-ﬂﬁﬁt%gﬁﬂ%su%ﬁ wﬁf&ﬂ V%q?ﬁcpﬁ'll{a%%sa&mrgd ed

to treatnent in f OCEeSS
I nt er vent ofconer et exoes funstidriat ofdganig bilanesuah meleafomﬂmmdopmmc compounds beet . | n

t hi s,gase t ment r f he

crcndd  oNo8R ARl and R REERR diesitl® i Behdust s belert poRBRRRRL" o

t r eat menttheffuhttiorek beganid silane shoultp persubjecfeaictesatdéastheartiali mideslysis tregf-t i n
order to 'Brormte adhesion with the sol der- mask pol yner |ayer (using
screen pr REk ng or photography) or with the | ayer of photo- sensitive

di el ectric whi cWhien me%ly!\/pamylmlyrgehm peigineo rexiyy sheetis pmcddm'nl cbntgett ech-
or the pr r|nted circui

| f
The comotih Iihotdinaebalttihye"s RomRit be B dt ARbyriRzUPh SS3fibfs phich act

or gaponetsynergistically lan@ Wisiyierar® rtabbslecafpﬂadngw pfoimtmg sdihesiorc batdeen tthe
sur faces .uni f or act with an

or gani o HBPERBIS sistRiEA iRy o<l tes agee B B inarale BEMeghlaf B derts on
reaction draleesh@howsh 6ftprédstre aheéhbate between the two systens which 15 is
capable of stro pr tin hesi on d t hus re I bl.e
ol am nati on | IWié gicitBon BPpritad elrblihE progiss S WhERhB T ERERR feifies o
\cllvﬁpom t ican ﬂsoldd@.k/emem)ase dsed uolprkmoteowg;avxbeMel«en thedﬁuertdupppr s@ess to
I C I I nv Il on rela ossi bl.e el 1. mnat
Fi'mg28r olReRt oM Erelandfe pobmer laveP Gifianing Uik FoSr BaekoThirefegse
thr ough acah0aBe Sddniverienty B ueedNs ipseéMote adhesion between the outer copper sur-
faces of the circuit and the layer of photosensitive dielectric used in the production of
printed circuits using the technology known as build-up technology.
This invention relates to a new process for greatly increasing adhesion be-
30 tween a surface of an inorganic substrate, especially copper or copper alloy (a sur-
face which will for simplicity be described below as the copper surface) and a polymer
substrate. An important feature of this invention is that of depositing a perfectly uni-
form organometallic layer of a dark brown colour similar to that which is obtained with
conventional copper oxide technology on a copper surface. This invention finds ap-
35 plication especially in the treatment of the copper surfaces of printed circuits, and in



m xture of one or nore functional organic silanes, an azol e conpound, a

zinc com pound, an oxygen carrier and an acid. Sone of the
conmponentwo pe/egeNt in the com position to whi ch thiPCT/ERS@D4406N
relates are already individually known for their ability to pronote

adhesion, as wll be seen in the earlier description of the state of the
art. 25 Surprisingly, however, these-#ct together synergistically in the
conposition to which this i nventlon rel ates, and the| r mxture

ensures result superi o t hose bt ai ned using the
conpounds H%L\?ﬁ"\é\{]?a%ﬁef? Snt' & e g°ppe" CFEIr%ttr‘Srfﬁqe"Eﬁ' dﬂYﬁ’E ofim H'ﬂ@yeUsed
in the conppiated cmasuntsoméloebpémusrfadevwnichqa su 4ectedrﬁi fE&M P adedrashaes 2l
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represe s a hydrogen atom or any easily hydrolysable group ich is

capabl e 01‘e ea5| ng an atom of hydrogen.
-8 - This invesiionuganYalse b edrivenlenlly appiisd Retrghtment ofithe extemal
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group, a ghg&kl phbymergamrp(usrag Isereempprinting @ photographypor with ¢hey ragulpof ﬁhd&b-
corpr i ses Bnifth B5ERRwirh ¥ Leeihef u5HB 1R BhtBogy krove asgjdyp edh”
met hyl 0 enbilogy fmttba)plrt?ducﬂo:pbf)pwlma)kwlpyihtedic?rﬁhui yl, sec-butyl, tert-butyl or
o %he By o PRV o iy B Rl NSO P Bkl 1 5
repl aced bqlayehpdrtbgeopﬁérwuﬁa@eé oWhich itevers th®kerfaces um@h'n@r WHen- thikUde-
The OR grou§H§ initially corgnérj se an atom of chlorine or another

functi onaP® lgl.pqngacwv | 311 Qioanig Polpern FuchLas 8 FNHRPOYRECHPOWRe OH

groups  a polyhwrizagon I‘Eadﬁylﬁi taHéﬁSplécd atethé MBfacy bétheeh WL tP\Btendd WARKC
sila nsaresrreeabnglesofthe

0O

si | a% Wi %a}pagéf:nofbgrong?y pro[]gog %‘FﬂFﬂng%nH\}Eﬁlﬁ pigyenting possible delamination
3- am nopr pmplerhs.i met hoxysi | ane 3-am nopropyl -triethoxysil ane,
N- am noet hyl - 3; an no t hoxys ane,
N oty - 3. armi nBSFBYA TR oRERADBIALY darBsaS il acids, unike copper ox-
but yl - t ri ieled theyprokesieto vaith thiiitvetion relates ks itlpdaeible to eliminate the pink
3-gl yci dox -trln?aox - si | ane,
3-gl yci do@% 6‘%'“??5“8% ¥ysi | ane, 3-mercaptopropyl -trinmethoxysil ane,
3- mer20 caphispinoentiort Isi Eﬁﬁléméﬁtédaﬂﬁough a composmon which _comprises a
rrercaptoprﬁgall-rrfewﬁl-dlne hoxysi | ane, ropyl-tri- 20
chl or osi | FfUre il W%Mép?' ?rﬂFﬂ'ﬁtSHB&%%lalnaﬁ?é’ e compound, a zinc com-
3- net hacr yd;mw I@fnocﬁ)bybeﬁ 'caffer BAYYan acid. Sorfik loRfd components ﬁresent in the co |

hoxysi | ane, acet oxypropyl -trimet hoxysil ane, rg cyano-

3-chl oropr
propyl -t r?%{) h&ﬁéh's(wwlanrrslaﬁsa arg. %{fﬁaﬁbm%‘ﬂWQWtWOMﬁtﬂ%M i gbdlite
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vi nyl 5tr | ghl or osl vinyl -triethoxy- | ane.
urprisingly, owever these act together synergustncally in the composition to which
this invention relates, and their mixture ensures results which are far superior to those
obtained using the compounds individually.
The functional organic silanes used in the composition to which this invention

relates have a chemical structure represented by the following general formula:
30 Y-(CH,):-Si(OR),

where: Y represents a functional organic group,

n is a number which has a value between 0 and 3, and

R represents a hydrogen atom or any easily hydrolysable group which is
capable of releasing an atom of hydrogen.



25 Bef ore being used in the conposition to which this invention

rel ates, the functional organic silanes are prefera lected to a
parti al WP 0034451 hydr ol ysi s treatment. During the h@éﬁ&??@#‘égg
treatment the OR groups are partly or conpletely converted into COH

groups which are chemcally active and,,as will be seen in the re-
mai nder of the description of the invention, are capable of chenmically
bonding with 30 the copper surface and with the azole functional group,
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the reaction  Group R comprises a hydrogen atom or an alkyl group, an °
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substrate. Silanes wth different functional groups have
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nore pr ef-éram!nyptqpyt:mmetmwgllm voér@nﬁt&%%ammsmqwl W@gh@xyw s4-|am
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produc one si _
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optionall I use
of oy al cananroBNachoRiEns WnkRapRoerab ey Siietnonsiand SIFIcTopy e

ous €8I ut¢higrosilane, hhghmywnmgmla@@emwanm J-nethaarylexypsepml- tryuethme of

t he vari ut anol
and t hei ?éﬂlgggmea chlﬁ °$B‘§rb§’! ﬁwmétﬁ@x#@&n 3%“’;8% om; ﬁ?’ ?éngﬁ)nh \% [ﬁ has -
to be usen;rowlftneﬂ:\omlendi iy Nedimethy -Sedroibppriopyl)- tnmethowmlaqen,aa{alcty}om:rct-he
function |I n : | ch this
I nventi o?f& gf&‘?& ?9!:53’@?% e%g%&glctgﬁ 'o{aossé'%?] xpwggcrﬁ@?c%ﬁ%%%eﬂrﬁylét@% fing of
an azol e silanpound, preferably sel ected from an i mdazol e,

e g1 9520 <. Gk B,y IV AR, o Tk TR TR s, .
whi ch t hifenctionahtdrganic silanes are lpeefesably eulasctédl ﬂooasparﬁalZoBtdtall byxdsblgsis
1,2,4-tr it?@aq}n%nt.sDLwJ]me_ ﬂiyc?rc@éitsrtir@aﬁﬁ\leﬁt ﬂ%e&z_zo bFoiu%_s are partly or completely
converted into OH groups which are chemically active and, as will be seen in the re-
mainder of the description of the invention, are capable of chemically bonding with
30 the copper surface and with the azole functional group, thus making it possible to
drastically increase adhesion between the inorganic substrate and the polymer layer.
Hydrolysis treatment of the functional organic silanes may be performed by merely
mixing the silane with water in the presence of an acid and possibly in the presence
of a solvent, such as e.g. an alcohol, in order to improve its solubility.
35 An important contribution to increasing adhésion derives from the reaction



zole, tolyltriazole, hydroxybenzotriazole, i-butylbenzotriazole, imdazole,
undecylim - 30 dazol e, benzi m dazole, |-nmethyl benzim dazole.

Benzot ri XDP%4Md its derivatives obtained by substituti oh“OEPPHMA% onatic
ring with al kyl groups are currently preferred. ' As
described in the article by Xue et al., cited previously, and as will be
nor e apparent bel ow, the azol e coffpound is easily adsorbed onto
copper surfaces and, 3 5 al so because of the bridging bonds produced by
the silan 0 L ves . - : .
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t hi ckness, woul e - i i . . r
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lates are as follows: 1,2,3-triazole, 1,2,4-triazole, 3-methyl-1,2,4-triazole, benzotria-
zole, tolyltriazole, hydroxybenzotriazole, i-butylbenzotriazole, imidazole, undecylimi-
30 dazole, benzimidazole, -methyl benzimidazole.
Benzotriazole and its derivatives obtained by substitution of the aromatic ring
with alky! groups are currently preferred.
- As described in the article by Xue et al., cited previously, and as will be more
apparent below, the azole compound is easily adsorbed onto copper surfaces and,
35 also because of the bridging bonds produced by the silane, therefore improves adhe-
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through arf@nd BE¥mdBAEIAEdGH thedkdd aRfcle\By Mueadtal, the reaction of adsorption of

the first layer of the azole compound (in this case benzotriazole) could not take place
if oxygen was absent. In this article it is theorized that in order for the benzotriazole to
be adsorbed onto the copper surface a copper benzotriazolate must first form, and =
this implies that a very thin layer of copper is removed from the metal surface after it

30 has been oxidized by the oxygen. Subsequently the benzotriazole adsorbed onto the
copper surface permits the formation of bonds which make it possible to increase the
adhesion between the epoxy resin and the copper surface, by reacting with the oxy-
gen ring of the epoxy resin. In the cited article by Xue et al., the possibility of in-
creasing the thickness of the benzotriazole layer on the copper surface in order to

35 achieve an actual deposit of dark brown colour is not however taken into considera-



- 12- synergistically and which involve the copper surface, the

various functional groups present in the organometal |lic deposit and
t he pol yWA0%8431h. Sone of the possible reactions anTﬁgg‘E‘!&‘%d _
bel ow, purely for descriptive purposes. The functional organic-

silanes used in the conposition to whi q this invention 5 rel ates react
wth water, in the presence of an aci d cat al yst, hydrolysing and form ng
silanols in accordance with the follow ng reaction:

(O; I a'r';le)Otlon neither is the possibility. cffano e FrLFéas: adhesion rtrérogér$ ok)rfég ta bor\“ ng
fise to hyrRchbgaismsotaken dnfa considesaliom ¢hus eliferantiatiogdis substantially fram thee. of

t he coppe ed 10 t hrough interacti on between the
si | anol a%aoc}%ﬁ%@c&@iﬂg%ﬁ{lﬂ]n%ﬁﬁdrﬁ'ght be present on the nmetal surface.

(Silanol) The concentrat:on of bygeendqareddein the composition according to this

CH 5 invention must be more than 0.1% by weight, and preferably mukE5& a}’n r than 1%
The silanols ma give rise to condensation redctions i nvol've the

hydr oxyl VdM?JQP‘I'at”c H%ewqeatratm f |hydergest Bﬁfpx'ﬂﬁé§et°9rféb'e§§é§5@ehe|0ﬂgse to
the for matreatment times are required. The hydrogen peroxide concentration must however be

less than 5%, and preferably less than 2%, to minimize etching of the copper surface.
In fact, the function of the hydrogen peroxide in the process to which this invention

10 relates is not that of microetching the copper surface in order to roughen it, as in con-
ventional microetching processes. On the contrary, its function is to remove the thin-
nest possible layer of copper in order to pemmit subsequent deposition of an or-
ganometallic layer which is capable of strongly promoting adhesion.

The composition to which this invention relates also comprises an acid which

15 may be either an inorganic or an organic acid. Examples of inorganic acids which can
be used are sulphuric acid, phosphoric acid and nitric acid. Examples of organic acids
which can be used are acetic acid, methane sulphonic acid, glycolic acid and citric
acid. Sulphuric acid is preferably used because this has a very low cost and does not
create problems during the stage of the disposal of spent solutions. In the composi-

20  tion to which this invention relates the acid has the dual function of permitting hy-
drolysis of the silane, which is useful in order to promote adhesion, and of assisting
hydrogen peroxide in removing the thin layer of copper from the surface of the sub-
strate.

The concentration of the acid is not particularly critical and can vary between

25 1% and 40% by weight, and preferably lies between 5% and 15% by weight.

The composition to which this invention relates may comprise an optional
component comprising a stabilizer for the hydrogen peroxide which, although present
in a small concentration, can decompose rapidly because of the presence of metals
in solution. Examples of stabilizers which can be used for this purpose are phenol

30 sulphonic acid, ethylene diamine tetraacetic acid, thioglycolic acid and sodium sili-
cate. The concentration of the stabilizer may vary between 0.001% and 1% by
weight, depending on the type of stabilizer used.

The process to which this invention relates is designed to greatly increase
bonding between copper surfaces and the layer of polymer resin. This result is

35 achieved, as mentioned previously, through a complex series of reactions which act



15 tion of strong -Si-O Si- bonds which may involve two or nore silanol

m)llgfzul eVo B5raas1 Il lustrated bel ow WO 00/ 74451 PCT/EP00104f06

I I ' 0 0
0 Pol ycondengat i on Sio-

[err] These condensation reactions take place in an
uncontrol l ed way invol ving nost of the hydroxyl functional groups,

| eadi ng t sypergdtaly daaaﬁhgﬁaidvoiveofhet bepﬁér: amte\z/:\;, the wfuﬁdus:mnwmaﬁe dr&f g,fshof
Its capacity to .pronote adhesi.on. Conver y en_onl y.sonme of  t he
Condensat PHAEAG BE eIl dgposh s ko er il 5 EMEco! Be posribler
such readtions| e desdribedbaidw,i purelyrfor desmiptivecparploges.o i ncr easi ng

adhesi on. Az0l e _compounds, and henzotriazole in r.tjcular, as
mel S known i n ¢ 7 functBi SroBRE GRS s BRERAMRR G whigh i it
surfachs, relatgsarcact with watarpipcthe presemce bf ahayid cataly$tp hyaltollysingoargbfoamirigal | i C

L o iagh it e BB O P oot D e 10

I nteractions wth copper atons. |In aqueous solution deprotonation of
the i mne group takes p|?qu +gj2\d)ngrisetoformation t he

: . J . o
233.232 lr Ieﬁth)I\e-%c'PEDh "SR! heC_D-\L_»t W:? ;';d' Ny tERYSS- si <OH T3 roH
[err] 15 It is ?ﬁrougaﬁaar?é(of )t hese two bondi ngoﬂtes that the
benzotri azol e i ? clagapl e of coordinating to the copper formng a
pol ymer film on\P{iane (Silanol)

The silanols thus 'obtained are capable of giving rise to hydrogen bonds and

strong chemical bonds with the surface of the copper. These bonds are obtained

10 through interaction between the silanol and any OH groups which might be present
on the metal surface.

/OH HO
Y - (CHp), - Si—OH +
~oH HO f
(Silanol) j (Copper surface)
OH
! H
Y-(CH2)h — Si — O 0O
! NH’
OH ,
on |

The silanols may also give rise to condensation reactions which involve the

hydroxyl groups attached to the silicon atom. These processes give rise to the forma-

15 tion of strong -Si-O-Si- bonds which may involve two or more silanol molecules, as
. illustrated below:

SUBSTITUTE SHEET (RULE 26)



[err]

This adsorption only takes place in the presence of oxygen,

- 14-

vi ded by wieolryebnogen peroxi de sol ution, which by oxidi zi nBCR/E®00/04406

solubilizing a thin

The zinc conpound has the function of foyging coordi nation conpl exes,

t hrough bri dgi ng bonds,

nmet al

i nvol ves both the pyridi ne niSingle condensatigen ¥t-(@Hf, -tsi
shown bel ow

surface and others present in solution. This intgraction

el

OH .
Y - (CHy), - 8i Z OH ! | I
N OH Si-O-Sli-O-Si
i |
~ O o] o
| | !
Polycondensation Si -0 -S8i-0-8Si

| ! !
(CH2)q (CH2)q (CH2)n

| ! |
Y Y Y

These condensation reactions take place in an uncontrolled way involving
most of the hydroxyl functional groups, leading to complete deactivation of the silane
with complete loss of its capacity to promote adhesion. Conversely, when only some

5 of the condensate molecules are involved, these make it possible to cross-link such
molecules, thus contributing significantly to increasing adhesion.

Azole compounds, and benzotriazole in particular, as well-known in the lit-
erature, have a high affinity for metal surfaces, in particular copper, on which they
form thin or-ganometallic films. This affinity is due to the nitrogen atoms present in the

10 triazole ring, which are capable of giving rise to strong chemical interactions with
copper atoms. in aqueous solution deprotonation of the imine group takes place,
giving rise to formation of the benzotriazole anion, making the two pyridine nitrogen

atoms equivalent.

H
g &l
#N N
15 Itis through one of these two bonding sites that the benzotriazole is capable

of coordinating to the copper forming a polymer film on it.

SUBSTITUTE SHEET (RULE 26)

bet ween the benzotri azol e nol ecul es fi xed on the

which is pro-

| ayer of copper fornms the copper benzotriazol ate.

5

! e cloers'z otcj.@;nol ¢ as

i



[err] The formation of nunerous | ayers of these coordination
conpl. exes“s(\;;\?] in 10 the creation of an organonetal lic deposit of sone
t hi ckness |ch not only inparts adhesi on upon the pB po/gadag

but al so the dark brown col our on the deposit. Ani oni c
benzotriazol e conpl exed on the copper slfface or coordinated to the

zinc is capable of reacting with the epoxy groups present in either the

functional or- ganic silanes or the epoxy resin in the |ayer of
prepreg, givi ngThxsmsocptwocnmystam olacelip thezpresenpseofuexyden, r»ﬂacm isvptda

ot her epoxyg& giving rise to polynerjzation. reac- tions with

t he for ma¥ip HT)@éOQﬂ”rr%?@P‘tﬁ?aF"'EP sWMCHmyngX'd'zmg “and solubilizing; 3 thignp| ex

series of react | ons t ake interface between t he

et al coa{aéa'%cﬁﬁpt‘-h ”BF %6?]%;?%&1%%%0@1 é%?? and the epoxy resin makes it
poSSi - g@?ﬁﬁoé‘n@ri%t tHe RiRARA 6f”fo%‘i“?f§%@6l’dm%tt%e£brhﬂ§xes

i nor ganic substra e an organi ¢ substrate

- |15 5 through bridging bonds, betweerl &fié Jbenzotriazole mo!eculce:s fixethopeth@d fregi onal
pol ymer

[err] surface arichothercpresemtrin sajutesm Tés nderstlitey ipslolveaboth the pyridind ni-
synergi stic reactions whi ch involve benzotriazole and functi onal

or ganosi | &egen atamscaf the pepzaifiazple.gsephown below:

++ in ++ Zn £+ Zn £+
Q’ eN Q’
Cut Cut Cu™ Cu”™

The formation of numerous layers of these coordination complexes results in
10 the creation of an organometallic deposit of some thickness, which not only imparts
adhesion upon the polymer resin, but also the dark brown colour on the deposit.
Anionic benzotriazole complexed on the copper surface or coordinated to the
zinc is capable of reacting with the epoxy groups present in either the functional or-
ganic silanes or the .epoxy resin in the layer of prepreg, giving rise to adducts which
15 can subsequently react with other epoxy groups, giving rise to polymerization reac-
tions with the formation of three dimensional cross-linking.
This complex series of reactions which take place at the interface between
the metal coated with the organometallic deposit and the epoxy resin makes it possi-
ble to achieve a great increase in adhesion between the inorganic substrate and the

20 organic substrate.
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each other as just described and wth the free epoxy and am ne term nal
groups on 5 the surface of the epoxy resin, take place at the interface
bet ween t WéOw®Tais1 sur f ace coated with the organonetalli ceét/EPocasadod he
or gani ¢ pol yner. -15- [err]

- The conposition to which this i nvehtion rel ates can

be used at a terrper Y I ch can vary ./ WREN 10[err]C and
60[err] C, but pref§ @,\}Jes ween 30[er[]C ‘.— errc]%__

Cross-linking
Three dimensional polymer

8]
]
C
{
C
]
O -
In conclusion, it can be considered that a series of synergistic reactions
which involve benzotriazole and functional organosilanes, which interact between

each other as just described and with the freg epoxy and amine terminal groups on

the surface of the epoxy resin, take place at the interface between the metal surface
coated with the organometallic film and the organic polymer.

OI‘CH --CH»y
HO \_/
O
Zn ** ‘“&Si\’
AL70 o e
Cut NON  No
/ N N.“. '..,' N’N‘ 0 CHZ - CH R CHz\i
LR om :
Z .
.+ L ’N\@N ) "N o ] O ~ N
Cu N \S N /O - CHZ % H— N
/7 Q Zn, ‘++ SCHy - CH— o
) A Q o) N\ A
R o §
/ Zn *+ Q Sic_ o (o
O-8in . / H
Cu 4+ fe- N‘S—N' N\e \S[h ! o~ CH - C\{z ~ N _/—{
NN 7 O-gi H
/ ’Sl-\_\
)-O-Siv\/OVCH-CHz O~ /0\ H__ ‘
y ! | CH-CH N
(o) QO ~Mman H— SN
/ |
- o]
y, O - Sn'\,\_o 7\ CH/)\
/ “CH - CH3 2 - CH - CHy
e
OH o
4 i 7/ \
j-o -Si~~0 ~CH - CHy

|
OH
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It is possible to work at | ower tenperatures, but very long treatnment tines
are uired. If working at higher tenperatures t risk

t hat thew&ﬂ?gé‘(f]s surface may 5 be excessively etched, I% ﬂoﬁmxH@gt t he
stability of the hydrogen peroxide in the bath nmay be |nsuff|C|ent.
The treatnment tinme may vary between 15 geconds and 5 mnutes, but it is
preferably between 1 and 2 m nutes. By working at high
tenperatures or with very long treatnment tines and/or 10 wth a very high

hydrogen per oxi q’ﬂe%gﬂg)%gﬁlﬁﬁ% Qﬂﬁh%QWetnh&q régfti.s%ﬁhstf‘e%?ég %lfrﬁq%atur?  ong

sol ution of the organ occur as resu
m cr oet chwhich can vary bgbveem1@e an@%@:ﬂwﬁ psejerfa&lydleSI betwnee S&a@eanquvc

m croet chjy q %Esﬁ:nee ﬁ! af IR GE Eft%re\é" blt O%ngﬁa'tl:bea‘émeﬁ? tlhesrh re re-

conventi ona m cr oe chin pl‘ ocess
conposi t i @wreda lfvww,cmgtanhsghemmmr@mre%ﬂwress tmyISIséhaitstéa copper surfacedaay 15

ment af ppé Q&@é’ss‘ﬁ)eﬁfé’ﬂcﬁéﬁ Lé?’{giwsd"@\rame SELIY LT é@%ﬂ?@'%,bﬁ %Eg&c?%% @etgg b3

immersion in i nmersion in-a r tor the
hor i zont amaybgrispdficiedt parts, or by spraying. The

copper surfacesthg t?’!’&rﬁ@nﬁt fife Ind%Elag  béve8an OEEiddohts a%@hﬁ%nﬂﬂteﬂr BIO# ‘r‘é

is applied do not as a rule require any preventive chemcal treatment.
However, PrfeiRblReatyrenr agdigminules:ks are present on the copper surface

pre- vent Byeu iRl #Pfbh timpetEesabr Afitr'f%w‘%n@eﬁéé’tﬁ%rﬁQm?éleé‘ﬁdlgﬁsed

on nonoet hanol a fachi'm ci- under the nane Renbver
DFA 9%y Lovith @ Y%Mé\*ﬁh hydrogemeﬁ@éuie qtmcgnbam&eppéltlefo@ﬂdc,%w&sﬂ'eerﬁfrwémv| ng

any dry-fidimdeet HeesrqBhERERNIcYeposit mayt SKuf BB REFesBl ok AL Strorg Ricroetch-
If on the other hand very heavy marking is present on the copper surfaces,

i t Ng ackienAncihecPPPRBSUTaceaimtiis Case paly nypieetehing af thegmetat swiaceyent
based on phgss ?btamed ROA '&m@&r‘nﬂmaVﬁf&Sét?ﬂmrB]ébr@éJs@%Hrﬂéén duder the nane

Cuprollte H 86 Neutralizatlon copper surfaces in an
al kal i ne degr eashagompesitiondaorhiels this invertiapvelatesPmay be usedferghertradtc| agi

84, hafh @g%@? éﬁntQX cﬁ'cﬁﬁscﬂgﬁé %'ormélsm@{h%lésof a?ﬁhﬁe{tn%ﬂ 8 r# Yy Hrﬁé\%i&ﬁrlﬁ #£0 1n

the acid greasi agent the various' treat her

necessar ytank, by immecsion in amodsiter b'fthla edryepdmigr the hetizantal transport of parts As an
alternati b’reo}é’p Qgﬁ ar at ion of the copper surface by neans of chem cal
treatnment it'I's possi ble to performa preventive nechani cal
treatment, suchThe copper swsfages tawblichghe taysaof nigagomedallic adinesien pgpmoteém t he

adhesi on RrERLE ko't WRiaalelrBhard By pbvenikbieicd b gt

ow are purely designed to
provizde a nore Hewavemif oxidation odebghtimarkearepresbet gn Sesepparsarfaceaigpreo thi s

iz;“e’lﬁglt ieogven‘%/éqpégtmieﬂt Y% Y% HURE deYreasing aghfShaidd oh!RoRE&REnola-

mine, marketed by Alfachimici under the name Remover DFA S5/LC, is recom-
mended. This product is even capable of removing any dry-film residues present on
the copper surfaces.

25 If on the other hand very heavy marking is present on the copper surfaces, it
is recommended that treatment be performed in a degreasing agent based on phos-
phoric acid, marketed by Alfachimici under the name Cuprolite H 86/1. Neutralization
of the copper surfaces in an alkaline degreasing agent, such as e.g. Remover DFA
95/LC or Niclagi 84, both marketed by Alfachimici, is always required after treatment

30 in the acid degreasing agent. Between the various treatments it is always necessary
to carry out careful cleaning in water.

As an alternative to preparation of the copper surface by means of chemical
treatment it is always possible to perform a preventive mechanical treatment, such as
e.g. sanding or satining, before treatment in the adhesion promoter to which this in-
35 vention relates.



5 An aqueous sol ution conprising the foll ow ng conponents, added
in the or- der indicated, is prepared:

% by wei giwo 00/74451 Dei oni zed wat er PCT/EPGY 04406
3-am nopropyl -tri met hoxysi | ane 2 Sul phuric acid

15 Benzotri azol e 3 Hydr ogen
per oxi de 2 -17- Z[ err] sul phate

1 Phenol sul phonic acid Dei oni zed wat er

Up to 100 The silane was dissolved in deionized water and

hydrol ysed in theThe e:eamples whxch falfows akd puiely designedittdpronide & medreV@itSiidd e

ot her

conponent

with a thi C(&efggéno&ofége rR'S

t U ece of copper s

prel i m nar yrestectitsnscope. sand| ng to renmove any oxidation or marks pres-
ent on the surface. This copper sheet was then treated by imersing it
aqueous solution, for 2 mnutes at 40[err]C, with gentle

t he above

stirring. Theempipper sheet was

 SCEREe dp ois dnventonowitheufl i By eyl Biehing to

heet

into -

t hen washed and dried. A very uniform

and congact orga GRS ol oI VI SI bl e
on the surfaces o0 (ﬁul'gédgggsper é&mﬂﬁsﬂg%kolﬂﬁwmgo%%ﬁ Hgset ?Fga\?
this way wederingigated, édprepated rigi d substrate, i nterl eaving sheets of
bi functional epoxy resin prepreg at a tenperature of 180[err]C, under
a pressureof 20 kg/cnojerr], for 60 mnutes (the side of the copper sheet
I n cont act with the prepreg should b bI‘I%{‘lt side). The coppgr
sheet was hnndpd to the prepreg int ®19% j ps of known width
wer e nmade urface of the copper by 20 means of a printing and
et chi ng pr%e Fedwatef S0 1 18-
The force|( ena r il red to detagh,the strips of copper sheet
from 30%‘@”?58%"‘% Q?&gar\'&is t hen nedsfired using a dynanoneter. The
stri ps..wer IIed at an angl e of 90, arate of 1 cmmn. A pgel
stréngth “f'slﬁ’p Wri 8518 was ot ai ned 5 :

Benzotriazole 3

Hy',d_rogen peroxide 2

.Zir;éeulphate 1

Phenolsulphonic acid R 1 :

Deionized water Up to 100

10

15

20

The silane was dissolved in deionized water and hydrolysed in the presence
of sulfuric acid, and only then were the other components of the mixture added.

A piece of copper sheet with a thickness of 35 microns was prepared and
subjected to preliminary mechanical sanding to remove any oxidation or marks pres-
ent on the surface. This copper sheet was then treated by immersing it into the above

aqueous solution, for 2 minutes at 40°C, with gentle stiming. The copper sheet was _

then washed and dried. A very uniform and compact organometallic deposit of a dark
brown colour was visible on the surfaces of the copper.

The copper sheet treated in this way was laminated onto a ngld substrate
interleaving sheets of bifunctional epoxy resin prepreg at a temperature of 180°C,
under a pressure of 20 kg/cm?, for 60 minutes (the side of the copper sheet in contact
with the prepreg should be the bright side). The copper sheet was bonded to the
prepreg in this way. Strips of known width were made on the surface of the copper by

~

means of a printing and etching process.
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Example 2 5 Internal |layers were prepared with a substrate of

bi functi onal epoxy resin with the pattern printed onto both surfaces.
They wer ¥QWEA4ubj ected to preventive nechani cal s&fd/FRPOLOAMISt nent
and treated by imersing in the sane solution as in Exanple 1, for 2

mnutes at 40[err]C, wth the pieces bejng gently agitated. In this case
too a very uniformand conpact dark brotfh deposit was obtai ned. Afterwards
t hese 10 internal |ayers were |lamnated with sheets of bifunctional epoxy

resin prepreg u r t bt ' Th

mul til ayer pac kgﬂfgr{ﬂrsceo(gf' %'i Jr%%o'l‘ rg'ap E%&nH 8&%093’?% P}@%Agﬁp&%g@eeeg from
accor dancthewesin substratenwas themmaeasereldnsingg diyoamometeraiing atips were pulled e of
mul til aye ' Ihb Gt O | ' [

speot eatt] RGEr S0t e dte SEF et ATedl Wheddu YT OAIEH i IEed. oy
show any pink ring problemin the 15 areas surrounding the holes. These
mul til ayeEx%b/éL&ts were then subjected to thernal stressing tests

(inmrersion intin-lead alloy at a tenperature of 288[err]C for 10 seconds,
repeat®d 6 tinednernghlpygiamere paapared With agsuistrate ef bifengtionatiepexy resin al

met al 1 0- it the QLABIN Srifthd bRt bBFSsiRsdek Offiey NerdPiHh SuiisEtod 9 pRIRnIES ©
I nor V\é er

found around the hol es, any del am'nation between the copp

sur f aces @gpghaniealeganding eatment @nddasated pytimmeysing fin she sgmer salutiansasin

I nt errupt r [l t I i ; t he
nternal COTRE o6 RLISEL P, Ul ek Dol AR A s care,
coating too a velynavierasanteerieradlidiask brown depesitivas PhiginedyAdleneasdsdbess when
t he di; - : i Ifed

s ci B agers were SRRSO FORAReLSU SATRERR SpBRf (S5 Fiephe cnosr |

t akes pl albe.samesonditnmps & Examelenpafhe mubljayer packs thus obtaingd apre dhen

sol ution gaphaldy ggat%%iﬂfacéé%eggﬁﬁpﬁle é&b&ﬁfdﬁ%g@hh%gxif& the mEH@(jaQ-ni zed
wat er was prepared. ) o copper sheet 35 mcrons thick was
subj ect edtureopmaitilaren priptesgiguirg Thetinished multitayet cisgvits wease ingpectedassingl i n
this aqu il | N ; ; I E le 1.
5o ocBiRsnBl LA Rs KhebosCoB SVl SROE i e Bldn
copperS  areas surrounding TiheheleppEhesehaaittilayes cirduits Weagrithen subjedtedh té theemal of
bi functi o r SN einm i #4 ' |
Exanpl ¢ 1&?%58%%?%@?3@5510&@' tﬂ{s @rggﬁagltoﬂ%g?%%ggraﬁﬁ%f REREE N fb 85cdnds,
- 19- repeated08 8imey) candvagaoberamied using both véiticatparel heriZantalraetatiove)
AN aqueous SRl URIA /880 EaLIBNIING e ANE p e BIBRR e ble Fodta BRSUNAThE HoRE; hEr BX-
any delamination between the copper surfaces and the epoxy resin. In addition to
20 this, no problems of interrupted copper deposition on the walls of the holes opposite
the internal copper layer, problems known as wedge-shaped failures of metal coating
(known as wedge-voids), were found. These problems occur when the bonding be-
tween the copper surfaces and the resin is insufficient, and as a consequence dela-

mination at the hole walls takes place.

25 Example 1A (comparative)
An aqueous solution containing 2% of 3-aminopropyl! trimethoxysilane in
deionized water was prepared.
A copper sheet 35 microns thick was subjected to preliminary sanding treat-
ment and was then treated in this aqueous solution working in exactly the same way
30 asin Example 1. No coloured organometallic deposit was visible on the surface of the
copper.
The copper sheet was then laminated with layers of bifunctional epoxy resin
prepreg using the same procedure as in Example 1. In this case a peel strength of



anple 1, except for the 3-am nopropyl-trinmethoxy silane and the zinc
sul fate, which 5 were absent, was prepared. A sheet of copper and an

i nternal | woegomisich were treated exactly as in exapppodofgs 2
were prepared. After treatnent a red-brown col oured deposit, quite
light in colour and rather non-uniform could be seen on the surface
of the copper. The peel strength which wag-obtained in this case was 0.7
kg/cm 1 0 Thi s exanpl e shows that absence of the silane and the
zinc sulfate fromthe . solution to which this invention rel ates
causes the P& kaem sassptained.ghter and | ess uni - form deposit and a
substantial fall in peel strength. Exanple 3 An
aqueous sol ution containing the sane conponents as in Exanple 1, ex- 15
cept for thExample M(cpawparativel ch was absent, was prepar ed. A

heet of ' . whi ch treated with tly th
sane procedure achh RoUsadk FRUR LANEbININE Lo EorbhGTons aF the sclieminEx
red-brown ample £,0bxeepEfdrded BSaminophipyPirinRshdlgt sikpelffi ihe ﬁﬁ'& %Qﬁéﬂe %ﬂi&hd be
(0] In

seen on the surface of t he copper. The peel strengt tal ne
this case wyerelabsentgwasnpreparsinidh shes} ofocoppsr cisiders intermal dggerwehids weret he

metal coati r . S | h ltilayer_ circuyit

Thi's exanpl Q&Jé\@ngggét&a%g@ %5 tg? hcg%#fvggrg ﬁf’gp%rgge%hp%freﬁw%}t FeedtkyowBt ai n
a dar éolfurediieposio Wik IIdAPRStdlouathd AtfeMBorRlihiedrn, QBURAIDESESR on the
Exampl e 4 An aqueous sol ution containing the same conponents

as in Exanpiface\githexoppern dier peel sdsengpit whichtwas obtained in this case was 0.7
3-am noprogygi/ér];‘ri et hoxysi | ane was used i nstead of 3-
am nopropyl -trinmet hoxysilane. In this case too the silane was first

hydrol yged in watiis examplei shoWieha £552RE€ oPtheSsilahE'dn@ tRE izfhe sulfate from t{\ A
sheet of copper and an intemal |[ayer which were treated wth exact?y. fe

same pr ocedfgiogdo iwhighwthisingentionaietates aeusesithe fenmeation Aff tadightercatdniess uai- ver y
uni - : . . - 20 - fom and
conpact or ganBAERT N 7 sykstaniial falkjn Peeb RNt ol our was to be seen on the
surface of the copper. The test for neasuring adhesion yiel ded a peel
strength of

Example 3
An aqueous solution containing the same components as in Exampié 1, ex-
15  ceptforthe zinc sulfate, which was absent, was prepared.

A sheet of copper and an internal layer which were treated with exactly the
same procedure as in examples 1 and 2 were prepared. After treatment a red-brown
coloured deposit, which was not perfectly uniform, could be seen on the surface of
the copper. The peel strength obtained in this case was 1.45 kg/cm. No pink ring

20 problems or wedge voids in the metal coating were to be seen in the multilayer circuit.
This example demonstrates that zinc sulfate is essential in order to obtain a

dark brown coloured deposit, but has no effect on adhesion.

Example 4
An aqueous solution containing the same components as in Example 1 was
25 prepared, except that 3-aminopropyl-triethoxysilane was used instead of 3-
aminopropyl-trimethoxysilane. In this case too the silane was first hydrolysed in water
in the presence of sulfuric acid.
A sheet of copper and an intemal layer which were treated with exactly the

same procedure as in examples 1 and 2 were prepared. After treatment a very uni-



1.4 kg/cm No pink ring problens or wedge voids in the metal coating were
to be seen in the finished nultilayer circuit. Thi s

exanpl e d¥RAMAE#454t es that even if two silanes with a d| f f e FEA{EFRPR4A0S
group are used, the final results are identical because the sane silanol is

obt ai ned after hydr ol ysi s. Exanpl e 5 An aqueous
sol ution conprising the follow ng corrpbﬁ@r‘it s, added in the or- 10 der

i ndi cated, was prepared: % by
wei ght Dei oni zed, wat e

3-glyci dox‘ﬁffﬂ@ﬁ‘?l QQ’WH%PW%W%W%'W” of a dark brown cplour was tg heptaan on ti@ d
5 Tol )

Hydr ogen per ac f?fztﬂleecopper The test for measuring adhesion ytelded a peel Jstrinﬂth of

sul phate 1.4 kg/ddai Noipiekl rimgtproblems or wedge voids in the metal coatmg were to be Up
to 100 ) . A£heﬁi of copper and an internal |ayer which were
treated w 18enJp ke fiRisheq multiayer cg procedure as in Exanples 1 and 2 were

prepargd. After fRigaixdRiple delfn¥trates-that eveh af m/@ryﬂaﬁ@mmﬁta @‘f%’i@ﬁﬂ?&f\' lic
deposit of a dark brown col our was to be seen on t he surface

copper . Thafogea@re ssedrierfinabresuits are ddantical bacausgatiielsame Rignehis obginero

pi nk ring wedge voids in the netal coating were to be seen in
the fin- Q{é?tﬁ&@@g mul tilayer circuit. Exanpl e 6 An
aqueous sol ution conprising the follow ng conponents, added in the or-

der indi Caé)?a%p!?é"%s pr epar ed:
An aqueous solution comprising the following components, added in the or-

10 derindicated, was prepared:

% by weight

Deionized water 50
3-glycidoxypropyi-trimethoxysilane 1

Sulphuric acid 15
Tolyltriazole 1

Hydrogen pero*ide 1

Zinc sulphate 1

Deionized water Up to 100

A sheet of copper and an intemal layer which were treated with precisely the
same procedure as in Examples 1 and 2 were prepared. After treatment a very uni-
form and compact organometallic deposit of a dark brown colour was to be seen on
the surface of the copper. The peel strength obtained in this case was 1.15 kg/em.

15 No pink ring problems or wedge voids in the metal coating were to be seen in the fin-
ished muitilayer circuit.

Example 6

An aqueous solution comprising the following components, added in the or-

~ derindicated, was prepared:

SUBSTITUTE SHEET (RULE 26)
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% by wei ght Dei oni zed wat er

50 WO OHT4Hopr opyl -t ri net hoxysi | ane PCT/EP00/04406 1.5
3-gl yci doxypropyl tri et hoxysil ane 1 Sul furic
acid 8 Benzotri azol e

3 Hydr ogen per oxi de -21- 1
Zinc sulfate 2

Phenol sul fflont ¢c_acr d t

Dei oni zed |wat er % by vidigtito 100 :
A sheet off copper and an 1 nternal layer treated using gxactiy tie—same] pro-
cedure as |iDeienizadvater 1 and 2 was prepared. After treatl®nt a very conpact
and uni form organonetal [T c deposit of a_ dar K br oyn colour was to] be
seen on tﬁn@-@u'ﬂpa@eyl-tnmethmsﬂaﬁ@ copper. The peel strepditdh obtained infthis
case was 1.6 kg/cm No pink ring 5 probl ens or wedg¢ vorads in tne netal
coati ng weredlYdApypeapyttripthoxysiianen shed nul ti - I iiy'er circuit.

Exanpl e 7 L. An aqueous sol ution having a cenposiiTon wnichy was
preci sel y | SYHuAs 3dd ¢ o that of the solution in Ex&8nple 6 was
prepared. | A sheet of copper and an internal 10 [ayer ¢f copper Were
treated w PEMFHNAZAR| ution, treating them successivel y{8sing the sane
procedurejas . in exanples 1 and 2, except that instead pf using a

bi f unct i oha¥drogen pe resin prepreq a tetrafunctiongfl epoxy resin
prepreg was. used. In this case a peel strength of 1.2 kg/cm was

obt ai ned. CsHf®eri ng probl ems _or wedge voids in the net al coat} ng
were to bepsee itréthe, inished nmultilayer circuit. 15 Exanmpl e 8

An aqueou 81lsYloR! ng a conposition which was pretitsel y the sane fas
that of thg solution in Exanple 6 was prepared. A sheef of copper and ja
flexible LH&oNzedwatefs| | ayer in pol yanide, printed on] YBt®198rf aces, Jwere
treated in this solution. Sub- sequently they were treated using the

sanme procedure as in Exanples 1 and 2, ex-
A sheet of copper and an internal layer treated using exactly the same pro-

cedure as in examples 1 and 2 was prepared. After treatment a very compact ariqi
uniform organometallic deposit of a dark brown colour was to be seen on the surface
of the copper. The peel strength obtained in this case was 1.6 kg/cm. No pink riﬁg
problems or wedge voids in the metal coating were to be seen in the finished multi-
layer circuit.

Example 7
An aqueous solution having a composition which was precisely identical to
that of the solution in Example 6 was prepared. A sheet of copper and an intemnal
10  layer of copper were treated with this solution, treating them successively using the
same procedure as in examples 1 and 2, except that instead of using a bifunctional
epoxy resin prepreg a tetrafunctional epoxy resin prepreg was used. In this case a
peel strength of 1.2 kg/cm was obtained. No pink ring problems or wedge voids in the

metal coating were to be seen in the finished multilayer circuit.

15 Example 8

An aqueous solution having a composition which was precisely the same as
that of the solution in Example 6 was prepared. A sheet of copper and a flexible in-
te.r'nal layer in polyamide, printed on both surfaces, were treated in this solution. Sub-

sequently they were treated using the same procedure as in Examples 1 and 2, ex-

SUBSTITUTE SHEET (RULE 26)



-22 - cept that a pol yam de prepreg was used instead of using a
bi functi Xy resin prepreg. In this case a pe of
0. 95 kg/ %"é’ﬁ’g y sufficient to avoid any de- | am ngqﬁitﬁﬁgﬁaem was
obtained. No pink ring problens or wedge voids in the netal coati.ng
were to be seen in the finished nultilayer circuit. 5 Exampl e 9

A sheet of copper and an internal |ayer printed on both surfaces were
treated using the sanme solution as in Exanple 6, using the sane procedure
as in Ex- cept that arﬁl.]llwni&ieﬁmebrag veascagdd Hsaéadtqsfewsin@rathbmﬁmﬁmmlépbdybusin

I mersion in a np e wth a C £, . 1n i chet he parts were
conveyed I%?Rr?%nlf‘gﬁ'lsﬁas? r?s‘feeeéatrS?gq'rogarQ{% %Plcﬂ'y ain?\'\é]y pYfficiept E% PRI 3Ry Ler 4k
Af t er treamiatiorpdlidngolas/obtairfedr Nogink dogrpetierns ganadgé abidsdn depmetdl of a

dark b | b on_the sur f th ~ Th |
Strengt h coatng Weef e e To A€ fushed BVt o pi e ring probl ems

nor wedge voids in the netal coating were to be seen in the finished
mul til ayer= Gi ht. 15 Exanpl e 10 A sheet of copper and
an intgrng?%hgﬁg? printed on both surfaces were treated with the sane

sol ution as in éxahpéteob coppémgnd an dntemabriayssdemirded son mokix surfaces waamgl es 1
and 2, ex | | Y. LAG s rel J1 dul e
W th  coyelieg il It e s5EHh b EXRRERS bsnBiatiY B Ryeids A €

t r eat nent ampbex 1 add 2, fexceptthahiréatmantmascappied tbydimgearsiostimlal moduepvithi 4 of a
dark bro | our. b er... The
peel st r\gﬁaﬁﬂe@gt'g},\@ﬂ* \%assg ﬁr?%ge{(eg?@ﬁq@ygg htoﬂforﬁgfé{, ﬁrl?(&é?é:{g)f B?%tgfe yd’ln'wedge
voi ds19 n niwsioptirab tardati ng were to be seen in the fin- i shed

mul tilayer circyi.tg. Ex | e 25 heet. of co r and
anI [ tn_t er ngl M! ;ygf{eﬁﬁfﬁfr\%?tgnph %’iﬂlysmwlf?}%e@%\%ﬁ a‘;t °fgﬁ°§é§§'ﬁi° g’%r?lsdlp&i sitrre
sol uti on dark browracgber Wasi&i beg sebke cate guracesiof ¢heasopperEXhe peel stearpgties
and 2, except that.to renmove r’r}akkls and oxjdation preventive cheni cal

Lr eat frent OREANSS B C15 4% Aok PRt Al P TectiBRlS R FRb YRARF 595 38 ng

t r eat ment metal coalifg vete RebieTseen incthe fieished mmdtilayeridirerit.si ng in an acid
degreasi ng agent, marketed 30 by Al fachimci under the name Cuprolite H
86/ 1, for 3 mnutes at 50[err]C, followed by washi ng in running water
and then EBxampre?®i on in an al kal i ne degreasi ng agent, mar ket ed by

Alfachim ciunder L0& 8P TBppsr B8NS ar intertid syer WHritla 'oh Bob” sGABER Gere
treated with the same solution as in example 6, using the same procedure as in Ex-
amples 1 and 2, except that in this case the treatment was by spraying, in a module
with a conveyor, with the parts being conveyed horizontally. After treatment a per-

20  fectly uniform and compact organometallic deposit of a dark brown colour was to be
seen on the surfaces of the copper. The peel strength obtained was 1.55 kg/cm. No
pink ring problems or wedge voids in the metal coating were to be seen in the fin-

ished multilayer circuit.

Example 11

25 A sheet of copper and an internal layer printed on both surfaces were - ,
treated using the same solution as in Example 6 using the same procedure as in Ex-
amples 1 and 2, except that to remove marks and oxidation preventive chemical
treatment was used in this case instead of preventive mechanical sanding treatment.
This treatment was performed by immersing in an acid degreasing agent, marketed

30 by Alfachimici under the name Cuprolite H 86/1, for 3 minutes at 50°C, followed by
washing in running water and then by immersion in an alkaline degreasing agent,
marketed by Alfachimici under the name Remover DFA 85/LC, which is also capable



-23 - of renoving any dry-filmresidues fromthe surface of the
copper, for 3 mnutes at 45[err] C, followed by washing in running
wat er. WO 00/74451 After treatnment in the adhesi on pr omPCSYERfH/04406
organonetal | ic deposit of a dark brown col our, which was perfectly
uni form and conpact, was to be seen on the sur- 5 faces of the copper.
The peel strength obtained in this cas@dms 1.65 kg/cm No pink ring
probl ems or wedge voids in the netal coating were to be seen in the

fini shed denpnst r at es

er. cirg |
Lhat *tre Bf EVRONNG EnEV AT Segdies, Hpmothe SHitace of the CaoPeRaRY SaMPLTSaRtrant
yi el d preassxs|fyldve bypwashieg il fupning vifter. Exanpl e 12 Sor‘re

printed circuits were treated with the same sol ution as

D tor Cthe. 51 age AT EERERN I herRdhGSIon RIBMOAT Ay ORGP RN USRS bR dark
adhesi on bRwMEEslour, which Wae ;Ia_eﬁéétfy GRRIPA’ arfd EdrAg&ct Ofvat & beideHidnSthaddr-t he
sol der - mask pol yner | ayer. treat ment was perforned by i mersion

in t hé sofases of theeorpeRi Tha resl strengtheehtpined inthinGrse Was 1.65Ko/era e gink
washi ng i n%q@ @aneﬁnp%r%a/d é‘é {Pthd ptf‘etéﬂzfi%hﬁ%'&%er@% HeI SN R fy Uﬂrﬁsqéﬁp%' t

of a dark wn col our, was perrtect orm and very conpac
to be multilayee girowit. t he surfaces of the copper. The | ayer of

I d K ;
o by a T ogg) ngiR, PERTHIE e sfplsiE lieR Y s RElGS dndineicel Feappeny g °°°S
devel op- @ chemiad! tteaenémasidls pradiely tHeesamhe asults with the layer of sol der

mask were exam ned, they did not appear to be distinguishable from
the circuits treated in accordance with t he conventional technol ogy
usi ng ccopprEmprel fe. These circuits were then subjected to the
subsequent treatnents specified by the production cycle, such as the

hot deposition SpPme mntemqumlsoyemtr@ateﬂwgumfemae 2olition @ ip Hxaower ( hot
air solder,l evel li of nickel,and gold. In

|
Srt; oul Pt stad bt Slipbie BartRRRY ARR R Pl e rpete Sindiiin BSien
deposi ti ofhe outer dopkes sedfé’&eeoh@ﬁe (Relis 2he ther §8ld8r0rh€§>!€ ]pG)ymé@rnaiérenﬁeof

del am nati on of the sol der fre- quently occur. However,
del ani nat lrmtnmmaerp@rfmned bm lrbmemelm :mtmetswtlon fet? minutes at 409G, éeillowddas

sty ARENE HAETH el B, Wi et SRS hesaRr °
probl ens ¥eg &P brown colodf WRIER -was perfectly uniform and very compact, was to be
seen on the surfaces of the copper.
The layer of solder mask was applied to the circuits by a screen printing
process or by a "fogging” treatment, followed by corresponding printing and develop-
20  ment treatments. When the circuits with the layer of solder mask were examined,
they did not appear to be distinguishable from the circuits treated in accordance with
the conventional technology using copper oxide.
These circuits were then subjected to the subsequent treatments specified
by the production cycle, such as the hot deposition of tin/lead alloy onto the surfaces
25 of the copper (hot air solder levelling) or the chemical deposition of nickel and gold. In
particular, when chemical nickel and gold are deposited, because this deposition
takes place hot (80°C + 90°C), problems of delamination of the solder mask fre-
quently occur. However, no delamination problems were to be seen on the circuits
treated as described above. These circuits were then subjected to thermal stressing
30 tests as described in Example 2. Again in this case no delamination problems were to

be seen.



WD 00/ 74451 _o4 -

Exanpl e The sanme procedure as in Exanpl e§,1c?r eat ed,
except tﬁg}wg“ﬁﬂot o- sensitive pol yner commonly use agy@ 8| el'ectric
in the build-up techni que was de- posited instead of depositing a

normal sol der mask. After the first |aygf_ of photosen- 5 sitive polyner
had been deposited, with corresponding printing and devel opnent, the
surface of the polynmer was netal -coated between the faces of the circuit by
deposit- gxampié g copper chenically and electrolytically in order to
obtain the connecting hol es be- n,the Ia ers. Althou

doubl e- si ded ci ridf %agmg mgtagq%asérbﬁ*am\aﬁ.'uavqsor@p plade eXcept thghﬁlWFQiyer
circuit i SseﬁbiWé PRAMdI atRohili s et ehaidiBlgctridin tHe BuikPlpitetifiqed Wadides are

again 10 ected to treatnent in the sol u t e adhesi on, as

doscr | bed AoRH ek staas of denoskind AAnERRl Saer Mk pRBEBerst [AVE" BPYRIRReTs

L henbiispl 'Sgﬂle pdiyrﬂem&d béavaépdsntbb @tth corresp@hamqumumis dﬁvelo%)&fh’rﬁ thg tod
e o0 al ne roauce

ol d
e o i Slitath ot thePolliner B9 Tarakea s petasn fap faces of e arEak % debpaly
met al | ogr alﬁ)@prﬁEer“riénﬁéél@Sarﬁ:E&btmwcah@lrpér@lbl' &5T8bRiNn e ecmrrwm@holb'% be-

f I
o obl ams. MieSt e fayer dithouch & abille-srbd Sl it Bsdd T REFR WitS| - ¥s ot
the pr Ocedﬁwlmaﬁl@e&fcuhwo@tameaharo@.@mﬁxsItémmue At this p6iat tHeDEirduit® besTBRAIh NI
thi s procedure,. shoul d be noted that, jn those gases wher e

a conpBsi tSUBk‘?le?éj HOH(%Q{’(‘.P&H" t”othSéO'Ufm” to pppeieadhesiony g dssgabed i Exareple

silanes, thi s\ heRAldyRPlof FHotORMALE iyhéeisCORBROSHPledN if a multiiyef Wit an
procedure whi ch mépyf.%hl sr?abse S narﬁlgjle){ ed in the %rfready hydrolyye/sed state,

or i nstea@reqtﬁ(e"‘é‘ﬁhﬁb%“?)'%'ﬁ it Laebianedcprthefinat $pldefdRaty dr ol ysed state,

and in this Thé@ﬁ&|ey9foeh&§d %s‘ﬁgemlgﬂééhrﬁﬁué ‘Wéré'éﬂﬁﬁﬁecﬁ CHf!EF tR@fhal Of
the process for pronoting ad- hesi on, perfornmed g% g@ae use of

this conpd¥eesing using meta"ographlc mem. ﬁ@éﬁtsleempnss Nfbtprcpblﬁmﬁ mination
exanpi §s ¢RacddPaRE cé{?dér%ﬁaﬁ@? iahl R ua%% of polym@ﬂ@'esw*&tphﬁwhh@rﬁouéﬂn@g

equi val ent techni ques, are within the scope of led in
the art, d&¥e Ffel"‘é’ppl i ed t o vvhat has been descri bed wi t hout t her eby 90| ng
b%ond t he spirit of the invention and«the scope of this patent.

This invention relates to both the'procedure described and the compositions
used for implementing this procedure.

20 It should be noted that. in those cases where a composition is intended to be
subjected to hydrolysis of the silanes, this treatment may be part of the composition
production procedure, which in this case is marketed in the already hydrolysed state,
or instead, the composition may be marketed in the non-hydrolysed state, and in this
case hydrolysis treatment of the silanes forms part of the process for promoting ad-

25 hesion, performed through the use of this composition.

The invention is not limited to the examples described. Various modifications
and substitutions using equivalent techniques, which are within the scope of those
skilled in the art, can be applied to what has been described without thereby going
beyond the spirit of the invention and the scope of this patent.



CLAI M5 1. Process for pronoting adhesi on between an

I norgani ¢ substrate and an organi ¢ pol yner, charact t hat an
or ganom¥ QP75 ayer of a dark brown col our, whi ch F@égﬁj@“g?ﬁ form
and conpact, is deposited on the inorganic substrate by neans

treatnment in a conposition which corrp[bg_ a) a 5| I ane or a
m xture of functional organic silanes With a structure repre- sent ed
by the followi ng general formula:

[err] where: Y represents ap;Alpstional organic group, 10

n I S a nunber which has a val ue between 0 and 3, and R

represents a hydrogen atom or any easily hydrol ysable group which is

capabl e of rel egsprgesifortpgrometing \diihesion between an inorgani&&ub%&aﬁzaicean
COITpOUI’l carri er an or'ganl C

. C)._an oxyge D
or i nor ga?fﬂ@”'&cﬂ%l/me" charsdiefzed gan ?’ﬁ&@@g’gté‘t‘b'@mﬂ' e f’ﬁ’k(ﬂr WwiFglou
char act erwies is very halfornhand eompatt, iodeptsitéd on the iriotganid eabstraté bg nearpound.

3. Pr cess ac ord| ng to characterized in that it also conprises
t r eat ment °f 72 WB?‘B%&?"&’%&C‘P@‘@ COMBNITS i xt ure of functional organic
sihl anes 20 a) a silane orémlﬂfuﬁé:%ifur&mmﬁélcbrgargt@llﬁwes muthaehmtmtrepifezed inf
that it %@?fi)éﬁ'gﬂefggwng generatformu?rgam C substrate conprising surfaces o

copper 5. Process according to daim 4,
char act erl zed inthat it is used in the manuf acture of nultilayer
printed circuits to pronote adhesyqCH)RISNGR),;t he copper surfaces of

an internal layer and a sheet of only partly polynerized polyner resin 2 5
ng to Claimb5, characterized

i(ﬁrteﬁgteg%\wéerﬁolx/rre@pﬁfﬁgf r 3! fepnCE'gﬁgl (59%?1&0(&% ernal |ayer and/or the sheet

of o@by partly rpol igreemunzieet ittty s arvadierbetwaen 0 and 3,@nidse a resin sel ect ed
fromthe group F? Onprplrésslerr]\gs S ?/)é}/ogre%sétrc])m grhgr[l])p Ie'agilyr escirol’ysgtﬂe group which is
capable of releasing an atom of hydrogen;
b) an azole compound;
C) an oxygen carrier;

15 d) an organic or inorganic acid.

2. Process according to Claim 1, characterized in that the composition also

includes a zinc compound.

3. Process according to Claim 1, characterized in that it also comprises
treatment for hydrolysis of the silane or mixture of functional organic silanes.

20 4. Process according to Claim 1, characterized in that it is performed on an
inorganic substrate comprising surfaces of copper or copper alloys.

5. Process according to Claim 4, characterized in that it is used in the
manufacture of multilayer printed circuits to promote adhesion between the copper
surfaces of an internal layer and a sheet of only partly polymerized polymer resin

25 (prepreg).

6. Process according to Claim 5, characterized in that the polymer substrate
of the internal layer and/or the sheet of only partly polymerized polymer resin com-
prise a resin selected from the group comprising epoxy resin, phenolic resin, poly-

R TR A



-26 - I mde resin, polyamde resin, polyester resin, polyphenylene
sul phi de ol yet her I mde resin and fluorinat I Nn.

7. Pr ocesvgeg?:lz‘grsgl ng to Claim4, characterized in that it F&’EE@(P]}?% t he
manuf act ure of doubl e-sided or nultilayer printed circuits to pronote
adhesi on be- 5 tween the outer coppgy.surfaces of the circuit and the

| ayer of polyner resin consti- tuted by the sol der nask.

8. Process according to Claim4, characterized in that it is used in the

manuf act uiridefresin| polyayiie fesin)pelyester fasin, polyphangiehe 20pMidH fdlid B s‘yQiHelrd up
t echni que e .adhesi on between the” outer copper surftaces of

the ci rcui'rf"dgr{as"?ﬁé‘d%ﬁgpgtegfrei'ﬂ phot osensitive dielectric which are
subsequent |y deposited upon them 9. Process according to

Cl ai m 4, character, b f i trea nt With . 1 he said
corr;305| tion a pt’glérég%aslr gc%}gi-pngon 3 ﬁeF%ﬂFﬁ%&zﬁéi'HJh@ sy Usgst imthe al
t r eat nent nmnusacrtthremfcwque-eldeduoremmmdyet IpantddeWMS rte rpremd e auhslaéﬁ %-

and/ org t he S
10. Pre ocess acé‘gr%f"t&[ c‘%‘%js éélc% mCIzI£ %mr ‘éﬁct e 'ﬁy?rh%tp"ﬁwgg'i rRSin c%%t'h t he
sai d conpt#ed bpthe solperrrheslmsd at a terrperature of between 10[err] C and

60[err] C and, pref- erably, between 30[err]C and 40[err]C
11. Process according to Caimd4, characterized in that the treatnent tinme
in t he saPd Preegssshesandingi tosClaimvecharbctedzadds thatditls useduireshe and

ey haRaeRnd of TS brAh GO Etorsance vt e e SRRl S
conposi t i Biemade @dhﬁapmmmm wel eonpesisorfaces ohthe dircuid andrtke tayers oft
nmodulqg wi o r ' . 13.
Compad 11 B Basnsitve GOBKEY e e WS BRI B Yepapitad upan i0Emyi ' view to 25
pronoti ng adhesi on betvveen an i norganic substrate, such as a copper surface

of a pring eﬁa{g‘ﬁ%&:?%&ordﬁ'%‘dlloaﬁa% Qa%gﬁtghgg In 1h3Y BLtorS HALAGE men w:ﬁwed in

that it conprises owmng t
the said composition a preliminary treatment is performed using either mechanical

treatment or a chemical procedure with the view to removing oxidation and/or marks
or residues from the surfaces of the copper.

15 10. Process according to Claim 4, characterized in that treatment with the
said composition is performed at a temperature of between 10°C and 60°C and, pref-
erably, between 30°C and 40°C.

11. Process according to Claim 4, characterized in that the treatment time in
the said composition lies between 15 seconds and 15 minutes, and preferably be-
20 tween 1 and 2 minutes.

12. Process according to Claim 4, characterized in that treatment in the said
composition is performed either by immersion, either in a tank or in a module with a
conveyor, or by spraying.

13. Composition for the deposition of an organometallic layer with a view to

25 promoting adhesion between an inorganic substrate, such as a copper surface of a

printed circuit, and an organic polymer layer, characterized in that it comprises the
following components:

A



-27 - a) a silane or a mixture of functional organic

silanes with a structure repre- sented by the follow n ener al

f or mul a: WO 00/74451 [err] PCT/EPOQf4¢406: Y
represents an functional organic group, 5 n I s a nunber which
has a val ue between 0 and 3, and R represents a hydrogen
atom or any easily hydrol ysabl e group'%i‘ch S capabl e of rel easing
an atom of hydrogen; b) an azol e conpound,; c)
an oxygen carri gy, . . . Of: .

14. Conpositi ong;%csi’)g%ff ﬁbatr%'x%ﬁreaioﬁki@'oghgﬂéﬁ'&réﬂf 559%%%&% peafe&)e'

cont ai ns sented by the folowingrgenrdal formula: 15. Conposition according
to Claim13, characterized in that the Y group of t he functi onal

organi c silane conprises an am ne group, an al kyl-substituted or aryl- 15
substituted anine group, a (strai JHCH-FtQRshed) al kyl or al kyl ene chain
ending in an am ne group, a glycidoxy group, a vinyl group, a
nMercapt 0 @hetdd, Ya paprBserity bh functional ddgani@greup)i trile group, a chlorine atom
or a cyano group.

. . 16. Conposition cording to Claim13,
characterized i'h t iR PYMBeRVRER hgs g value ggm@ﬁ@ Offimgg'i%l organi ¢ sil ane
conprises an atRm edprésehto aaiydesgeraRink vt afy @dbily BjdroR8abledrolis wHidhy isa
nmet hyl , et hall g'r O%lé' i sopropyl., buteyl., i sobutyl, sec-butyl, tert-butyl
gr oup capahle gtyeleasing angtamof Hydrogen; 17. Conposition according

to Claim13, chayaﬁ:hﬁgéz;gﬁpbuna;hat t he functi onal organi c sil ane
conprises 3-am nopropyl -tripethoxy silane, 3-am nopropyl-triethoxy-
si | ane, N- afh IHOMFEN-CBIMSN nopr opyl - t ri met hoxysi | ane,

3- gl W@ doxypr opyj an érganic drﬁﬁd??bﬁi@&ﬁii. | ane, _
3-gl yci doxypropyl -triethoxysillane, 3-nmercaptopropyl-trinethoxy
silane or 3-nercaptopropyl-triethoxysil ane. 18. Conposition

according to O g4nCdmposiiii &sdoeding ¢sl Claimt 18 tchbecedrizet s thidiet also contains
functional organic silane is subjected to partial or total hydrolysis

t r eat ment@ FRCERAPOUND.  hresence of an aci d.

15. Composition according to Claim 13, characterized in that the Y group of

the functional organic silane comprises an amine group, an alkyl-substituted or aryl-

15  substituted amine group, a (straight or branched) alky! or alkylene chain ending in an

amine group, a glycidoxy group, a vinyl group, a rhercapto group, a methacrylic
group, a nitrile group, a chlorine atom or a cyano group.

16. Compaosition according to Claim 13, characterized in that the R group of

the functional organic silane comprises an atom of hydrogen or an alkyl group, and

20  preferably a methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyt group
or an acetyl group.

17. Composition according to Claim 13, characterized in that the functional
organic silane comprises 3-aminopropyl-trimethoxy silane, 3-aminopropyl-triethoxy-
silane, N-aminoethyl-3-aminopropyl-trimethoxysilane, 3-glycidoxypropyl-

25 trimethoxysilane, 3-glycidoxypropyl-triethoxysilane,  3-mercaptopropyl-trimethoxy
silane or 3-mercaptopropyl-triethoxysilane.

18. Composition according to Claim 17, characterized in that before use the
functional organic silane is subjected to partial or total hydrolysis treatment in the

NG

presence of an acid.
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19. Corrp%éoinqgslaccordi ng to Caim18, characterized in trﬁf’r/%:f’oo%g%ai ns a
I on

single functional organic silane. 20. Conposi accordi ng
to Claim18, characterized in that it conprises a m xt ure of
functional organic silanes. 5 -28- 21. Conposition according to
Claim19 or 20, characterized in that the con- centration of the

functional organic silane or the m xture of silanes |ies between
0. 01% and 30% bygwebmpbsitiord aptartimgatd Cldiat 18 echatddtenzbdb i that \Wecebins a

22. Conpositiaon according to Cclaim 13, characterized in that the azole
conpound %’39*5?‘?%%@"3{9@#83%}?96, a benzinmidazole, a triazole, a

benzotriazole or 10 their derivatives. 23. Conposition

according to & - N MO t . . . . nd
conpri ses benzoﬁ'r&ﬁé@P %é,m‘f'%?§‘f°?‘?'?‘§§§|%',g"‘ﬁ13 FS%} cé%ﬁ'g%‘r?f'g%tét &me risBS'3
benzi m damixhere of functional organic sitahesConposi ti on according to Caim 13,
characterized in that the concentra- tion of the azole conpound lies
bet ween 0. 1% and 10% by wei ght, and preferably 15 bet ween 1% and 3% by

wei ght. 21. Compositinn aeaasdind itp (Hainr 48 afli2@g charactesizad i thatiae gen-er i zed
in that t b ; : | S Qi Eaf! :

2. Compoey VAR cihe functiorB (afiCTiehars: e RMGetof RTEEY s, gl ¢

zi nc 0.8 t¥etarshdpiei hyareightrandpreferably betweerns A% andS%Mnweighbsphat e, zi nc
acetate or zinc nethane 2 0 sulfonate. 27. Conposition
according to Gaim 14, characterized in that the concentra- tion of
the zinc conpou2dl Cpewositionassowingl 36 £pelaipnd3behardctiiizedaindthst dhe azpley

bet ween 0..29 9 | . oy 8, G Sigty Ihg to
G i m 13, “RHARRS, Eohitestidfhidpecip, 2 Senvimidezo’s RSRRSH! odofRlk

hydr d§en their driivitives.

23. Composition according to Claim 13, characterized in that the azole com-
pound comprises benzotriazole, tolyltriazole, hydroxybenzotriazole or benzimidazole.

24. Composition according to Claim 13, characterized in that the concentra-
tion of the azole compound lies between 0.1% and 10% by weight, and preferably
15 between 1% and 3% by weight.

25. Composition according to Claim 14, characterized in that the zinc com-
pound comprises a soluble zinc salt.

26. Composition according to Claim 25, characterized in that the soluble zinc
salt comprises zinc nitrate, zinc sulfate, zinc phosphate, zinc acetate or zinc methane
20 sulfonate.

27. Composition according to Claim 14, characterized in that the concentra-
tion of the zinc compound lies between 0.01% and 20% by weight, and preferably

between 0.2% and 2% by weight.

28. Composition according to Claim 13, characterized in that the oxygen car-
25 rier comprises hydrogen peroxide.

I
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29. Conposition according to Caim28, characterized in that the concentra-
tion of MWROWTASIbgen peroxide |ies between 0.1% and 5% arRCTRRO0OH406] v

bet ween 1% and 2% 30. Conposition according to aim -
13, characterized in that the acid is se- 5 | ected fromthe group
conprising sulfuric acid, phosphoric acdd, nitric acid, methane

sul fonic acid, acetic aC|d glycollc aC|d and C|tr|c aci d.

31. Oorrposition cpordi n ac t he co centra-
tion of the aci &gr ?8@"88 \%é‘fcﬁr | %‘ g? enz 41[5' {Kﬂﬁgh@r ﬁt ween -
5% and tion bb ety dregeyhperoxidédies between 0. 1%2andﬁ%pasd preﬁerablycbntd'eag 100

Claim 13, E%f(:t erized in that it also com pri ses a conponent
conpri si n@ tabilizer for hydrogen peroxide.

30. Composition according to Claim 13, characterized in that the acid is se-
5 lected from the group comprising sulfuric acid, phosphoric acid, nitric acid, methane
sulfonic acid, acetic acid, glycolic acid and citric acid.

31. Composition according to Claim 13, characterized in that the concentra-
tion of the acid lies between 1% and 40% by weight, and preferably between 5% and

15% by weight.

10 32. Composition according to Claim 13, characterized in that it also com-
prises a component comprising a stabilizer for hydrogen peroxide.

L



