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A metal surface, usually copper, is micro-roughened to improve adhesion of polymeric materials, by the use of an adhesion-promoting
composition comprising hydrogen peroxide, an inorganic acid, & corrosion-inhibitor which is for example a triazole, tetrazole or imidazole,
and a quatemnary ammonium surfactant. The process is of particular value in production of multi-layer PCBs to promote inter-layer adhesion.
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and at | east one outer-layer. The expression inner-|ayer as used in
the PCB industry generally refers to a conposite of at least two
lrayers (conprising an insulating | ayer and a conducting |ayer), or
nore usually, three |ayers: a 25 central insulating |ayer, and on

ei ther si Gpp 9gngedpper - conducting |ayery The outer-| ayePCuiGB0288% be a
pre-preg may be a single insulating layer. Aternatively, it my
conprise both an insulating |layer and a conducting | ayer. Duri ng
the manufacture of a PCB, at |east one outer 30 | ayer is adhered to the
conducting layer of the inner-I|ayer so that an insulating |ayer of the

outer-layer is I nner nost, cont acop! 'pggtbggmu!gucting | ayer of the

' - | . P f bl g, f d
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outer layes to é)&it&ler(ahm-@ﬂp)cm,l Ag"baysr boardfeis prepamed ander .

WO 96/ 19097 g, . gecond mulf -ste sta e, 5%?1539569%%B%ents are
It has been found ha I ng o pe nent bond

pe
conduct i ng | ayenoumtied ren m bopxrg.| Jhe R!tf-ﬁﬂ#tt invention relates to the
first stage in which the bare board is manufactured and to

- the provision of an adhesion promotion step to improve
10 adhesipn within a multi-layer board. A multi~-layer board
.comprises at least one insﬁlating layer and at least one
conducting layer which comprises a conducting circuit
pattern. - The conducting layer is therefore, generally:'a _
discontinuous sub-layer in the form of a circuit pattern.

15 The board may also comprise conductive pads and/or through-
holes. The conducting'layer pattern and the conductive-
pads and/or through holes are generally formed from copper. .
The insulating layers are generally formed from fibreglass
bonded with epoxy-based resin. '

20 Generally, a bare board is formed from an inner-layer
and at least one outer-layer. The expression inner-layer
as used in the PCB industry generally refers to a composite
of at least two laYers (comprising an insulating layer and
a conducting layer), or more usually,"thfee layers: a

25 central insulating layer, and on either side, a copper
conducting layer. The outer-layer which may be a pre-preg
may be a single insulating layer. Alternatively, it may
comprise both an insulating layer and a conducting layer.

During the manufacture of a PCB, at least one outer

30 layer is adhered to the conducting layer of the inner-layer
so that an insulating layer of the outer-layer is
innermost,_¢ontacting the conducting layer of the inner-
layer. -

Preferably, a multi-layer board will be formed from at

35 least one iﬁner layer and at least two outer layers, one
outer layer to be adhered to each conducting layer of the

inner-layer.



another, it is difficult to provide a sufficiently strong bond. If a
weak bond is fornmed, during the second 5 manufacturing stage where
conponents are nmounted on the board, or later during use, delam nation
of the board may occur. In particular, the copper surface tends to
oxi di se WO 9%/1997exposure to the at rmspher% to forma tarniPCTEBISA989 ON

its surface. If an insulating |ayer is adhered directly to 10 this :
tarni shed | ayer, t L) | n | e 3y Many
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effective. 3thave beent proposede ddist mast commonly susedf mekbedi dis fovi de"

good adhesi ofpdifovd e Rt¥n flied) Ay et ahdC B0’ PEEH"ESEtESngly adherent
copper oxide layer, known as black or brown oxide.

15 In order to form a black or brown oxide layer on a
copper surface as .preparati'on for adhesion, the copper"
surface generally undergoes in sequence, a cleaning step,

a rinsing step, a ca_ust-ic'pre-'-rinse and an oxide processing
_ step. In the oxide processing step, the temperature is

20 generally no less than 50°C and the contact time with. an
oxidising solution is from 5 to 7 minutes. This contact
time and relatively high processing temperature are
disadvantageous as the high energy requirement and time
period required increase processing costs. In addition,

25 there are an undesirably high number of process steps. .

However, the black or brown oxide -layer adheres well
to the copper and also forms a surface having good surface
roughness so that adhesion to the neighbouring insulating
layer is effective.

30 - It would be desirable to form a surface which provides
good adhesion to the copper and good surface roughness to
provide adhesion to the neighbouring insulating layer (or
other organic coating layer), using a simplified process
and preferably also which does not require such high

.35 temperatures or such long processing times.

Metal treatment involving the use of acidic peroxide
solutions is known. For example in CA-A-1250406, metals

é
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provi de adhesion to the nei ghbouring insulating |ayer (or ot her

organic coating layer), using a sinplified process and preferably al so
whi ch does not require such high 35 t enperatures or .such-long processing
tines. Metal treatnent involving the use of acidic peroxide :
sol Uti ons iwoloensed7 For exanple in CA-A-1250406, netals PCT/GB9602909

96/ 19097 ' 3 PCT/ GB95/ 02909 such as

iron, copper or Liigh' a@ |i®6h Albgp?tSF AP alloys APLULEREteASi%Hg"%
hydr ogen peroxi de for ,nmetal - pi ¢kl n% or EE)ﬁol I shj n%. The hi/drfégn.

per oxi de sol uti ofORUtiPR,FPRREYSING hydrogen BATdds I9rBetal Rigklingor
o i oni P e T e S se, Yk par ed
per oxi de deconpo¥Fihdn qsgggﬁiob‘?én‘? s°1l%ﬁ§an§a?'§§’én%3§r oé?%tgﬂ?%éﬁ in
conposi ti onsShavadiidééion a achrrdsiond, irhibitonpsushngsabenkzberiazolepand

stabiliser. 10 AP | #1000l | Shing conpositions based
on hydrogen gé%bﬁ%dgrapgnéggéﬁ %ggfg%rtgé‘gnpl e in US-A- 3556883

di scl oses conposi ti onBecansei bydgoden: pgeaxjdestegenposition is a problen,
many hydrogen peroxide-based compositions have been

developed, each comprising a different type of stabiliser

10 systen. :

Cleaning or polishing compositions based on hydrogen
peroxide are described for example in US-A-3556883
‘discloses. compositions comprising hydrogen peroxide,
sulphuric acid and alcohol stabilisers for'cleaning of for

15 example, metal wires. Other similar cleaning compositions
are described in US-A-3756957 where a stabiliser for the
hydrégen peroxide is selected from the grdup of aliphatic
amines and their salts, alkoxy amines, aliphatic acid
amines and aliphatic imines.

20 For use in the PCB industry, such compositiong are
known and have been described as etchant compositions to be
used in the etching step for forming the copper circuit
pattern: a layer of conductive foil, generally copper foil
mounted on an insulating layer is partially protected in a

25 pattern which corresponds to the final desired circuit
pattern. The foil is then contacted with an etching
solution and the areas of foil which are unprotected are
etched away, leaving the desired circuit patterns. 1In
etching processes, the metal foil which is contacted with

30 the hydrogen peroxide-based composition is etched away for
complete removal. This type of etchant composition and
process is described for example in US-A-4144119, US-A-
4437931, US-A-3668131, US-A-4849124, US-A~4130454, US-A-
4859281 and US-A-3773577. 1In the latter two references,

35 the etching composition also comprises a triazole to
increase the rate of metal dissolution achieved by the
etchinq composition.



sul phuric acid and al cohol stabilisers for cleaning of for 15 exanpl e,
nmetal wires. Oher simlar cleaning conpositions are described in

US- A- 3756957 where a stabiliser for the hydr ogen peroxide is selected

fromthe group of aliphatic am nes and their salts, al koxy am nes,
al i phat i woessigos? amines and aliphatic igmnes. 20 POTVGBISMH2909N t he
PCB i ndustry, such conpositions are Known and have been descri bed as
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US- A- 4849124, ngénq.ggﬁq,_ lgsaﬁ Lied. 4859281 and US- A-3773577. In the
|atter two relgerences

th osition also conpr, ses a
triazole to i A&y eH§éAt'ﬂ95|19§3 ofaﬁ%t a‘PnE 527280 a?chlr%)’@i1
et chi ng £0Wp0&bhp631tion for polishing/pickling metal surfaces, for

instance of copper, comprises sulphuric acid, a hydroxy
acid, such as citric acid; hydrogen peroxide, a triazole
and/or a tertiary fatty amine. The final product should
not have "pittings".. The incorporation of ‘surfactant is
1s said to increase the rate of etching/removal of. oxide from
" the surface, whilst the incorporation of benztriazole is
said to improve the "levelling effect"”.
In US-A-3948703 chemical copper polishing compositions
are described containing hydrogen peroxide, an aoi_o and an
20 .azole compouhd. The compositions may also contain a
surfactant and nonionic surfactants are used in the worked
examples.
In US-A-4956035 chemical polishing oomposi_tions for
metal surfaces comprise an etching composition, such as
25 ferric chloride or peroxy sulphuric acid with a quaternary
ammonium cationic surfactant and a secondary surfactant.
In GB-A-2106086 hydrogen peroxide/acid compositions
are used to etch, chemically mill or bright dip copper
surfaces. The compositions contain triazole compounds to
30 stabilise them against decomposition by h'eavy metal ions.
In JP-A-06-112646 a copper surface is roughened to
improve adhesion in laminates in the production of multi-
layer PCBs. The roughening is carried out a by two-step
process, each step involving treatment with a hydrogen
35 peroxide/sulphuric acid composition. Both compositions
must be free of corrosion inhibitor.
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- In GB-A-2203387 a copper etching process is described anR@PEK'CED

" bath regeneration step. A hydrogen peroxide etching c osition
conpri si ng We96HPT sers i ncl udi ng wetting agent is di SPCT/GBON/G2009
cl eani ng copper surfaces of x5 a PCB prior_to electroplating an-
addi tional, thickening copper | ayer ont® the conducti ng | ayer whi chis
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d d d | I
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exanpl es. examples/being Miiaryher tertiarysaminessnpbbet anines Gare
metal surfg3ees GRUIWT kiPraBeClddtile .COMRASI IPALoFLFS776 a copper etchant

based on sulphuric acid and hydrogen peroxide contains a
triazole and chloride ion together with an alcohol or -
glycol. In JP-A-51-27819 a copper etchant based on
hydrogen peroxide and sulphuric acid contains a tetrazole

15 and optionally a tertiary amine or an alcohol.

The present inventors have surprisingly found that the
use of a hydrogen peroxide-containing aqueous composition
on a copper surface forms a cleaned copper surface which is
micro-roughened and has sufficiently good porosity that a

20 particularly strong bond may be formed with an organic
layer, as is required in the preparation of multi-layer
PCBs. _

In accordance with the present invention, there is

provided a process for treating a metal surface comprising

25 contacting the conducting layer of the surface with an

adhesion promotion composition comprising 0.1 to 20% by

weight hydrogen peroxide, an. inorganic acid, an organic

corrosion inhibitor and a surfactant in an adhesion

_promotion step to form a micro-roughened conversion-coated
30 surface. _

The process of the invention is particularly useful
for forming a multi-~layer PCB comprising an inner-layer and
an outer-layer, the inner layer comprising at least one
insulating layer and at least one conducting layer and the

35 outer-layer comprising at least an insulating layer, in
which the conducting layer is the metal whose surface is
treated in the invention. After the adhesion promotion

Sheet Has Been Replaced
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25 - ferric chloride or peroxy sul phuric acid with a quaternary

ammoni-um cationi c surfactant and a secondary surfactant. - I'n

GB- A- 2106086 hydr ogen per oxi de/ aci d conpositions are used to etch,
cheni cal |WO96419093r bri ght di p copper surfaces. The coRCTAGRIS/02909
contain triazole conpounds to 30 stabilise them agai nst deconposition by
heavy netal ions. In JP-A-06-112846 a copper surface is roughened

t i dh I t t he . ti f Lti-

| ayer pcos Fheh BBRLAPRELFORRERFERY TrripdRrakiy edbsted dispgtaystocacn
igepOiSin;/ioL\éi Nahier emmr(i)ametiwy hlayh;druig@éSinnpzrgaiyfdzL Strjlmmrjr:]clméﬂlc

| nrmJ P- A- 03- 15‘8%}11{1 fﬂ%ﬁffé %g%péps I%B@Sa%% of thid 5'9&’? 1%?% #u or
t o | ani nati on fan Riregtirasthesion S dthe insulating player %l%h%dh\pm-tl on

to form agroughy surface I n . '484 the conposition contains an

addi tive (CB-896) manuf act ured by the Mekki Co., which is said to
accel erat e he process of the invention may also be used to

provide a roughened surface to which._.polyme_nc materials
such as photo imageable resins, solder masks, adhesives or
_ polymeric etch resists have improved adhesion, usually in
10 the manufacture of PCBs. | - ' _
The process  is particularly suitable where the metal
is copper or a copper alloy. . The process is hereinafter ‘
described by reference to the application to copper
surfaces but it is to be understood that it can also be
15 used for other mnetals. The process of the present
invention has been found to be parti_cu].,ﬁrlyQ:advantageous as
it overcomes the need for forming a black or brown copper
oxide layer, as in the prior art processes. As explained
above, the conducting layers of the inn.er-flqy_er and/or
20 outer-layer (which is optionally clad on 'th.e one side with
the conducting layer) generally comprises coppei:' or a
copper alloy. '
The adhesion promotion composition is an aqueous
composition which comprises hydrogen peroxide, an inorganic
25 acid, one or more organic corrosion inhibitors, preferably
selected from triazoles, tetrazoles and imidazoles and a
surfactant, preferably a cationic surfactant.
The adhesion promotion composition has been found to
form a roughened conversion coated surface. From atomic
30 surface analysis this coating is believed to comprise a
‘complex of copper with the corrosion inhibitor on the
conducting layer. This coating, it is believed, provides
greater surface area so that good adhesion with the
neighbouring organic coating can be formed.
35 Hydrogen peroxide is present in the adhesion promotion
composition at a concentration of at ]_.e_ast- 0.01% by weight
active hydrogen peroxide and preferably at least 1.0% by
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10 weaker bond than when lower concentrations of hydrogen
peroxide are used. The most preferred concentration of
hydrogen peroxide is from 0.5% by weight of the adhesion
promotion composition to 4% by weight.

The inorganic acid in the adhesion promotion

15 composition is preferably provided by phosphoric acid,
nitric' acid, sulphuric acid, or mixtures thereof.'
Sulphuric acid is particularly preferred. " The
concentration of acid in the composition is generally at
least 1%, preferably at least 8% and most preferably at

20 least 9% by weight of the composition. Generally the
concentration of acid in the composition will be no greater
than 50%, preferably no greater than 30% and most
preferably no greater than 20% by weight of the total
composition.

25 The corrosion :mh:.b:.tor is usually selected from one
or mixtures of more than one triazole, tetrazole and
imidazole. Triazoles are particularly preferred and
optionally substituted benzotriazoles are most preferred.
Suitable substituents -are for example C,, alkyl

30 substituents. ' -

The' corrosion inhibitor is preferably present in the
adhesion promotion composition in an amount of at least
0.0001% by weight, preferably at 1least 0.0005%.
Particularly desirable results are achieved with

35 concentrations of at least 0.1%, more preferably more than
0.5% by weight and sometimes more than 1% by weight.
Generally, the corrosion inhibitor will be present in the

-
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of an inorganic acid, at |east 0.0001% by weight o ET ) I C
corrosion inhibitor and at |east 0.001% by IE %pé? ijc
r

surfactant in an adhesion pronotion step whe eby & oughiened
conver si Wo96A9097 coated surface is forned. PCT/GB95/02909
- 5a-, - The process of the invention is particularly. useful

for formng a mlti-layer PCB conprising &n |nner-Iayer and
outer-layer, the inn

| ayer rispn i nsul t|n | ayer
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o o Cthgn 5% by Wit Tof "EnlERA P ve1ght of "End 4BhkT0n
promotion composition. High concentrations, such as more
5 than 5% can be desirable as they can allow a reduction in
the processing time. Preferably, however, the
' concentration is less than 5% or even less than 1%.

The surfactant is preferably a cationic surfactant,

usually an amine .surfactant. Most prefefably it is a

10 quaternary ammonium surfactant is preferably one or more
e'thoxylated fatty amines. Preferably the surfactant will
be a Cy, surfactant, that is a surfactant comprising at ‘
least one (preferably one) Cyo - alkyl  group. Suitable
surfactants have at least one, preferably two hydroxy lower

15 alkyl groups, that is C,, hydroxyalkyl, .and one or, less
preferably, two lower alkyl, ‘that is C;,-alkyl groups,
attached to the nitrogen atom. ‘Particularly preferred
guaternary ammonium surfactants are isodecyloxypropyl
dihydroxyethyl ' methyl - ammonium. chloride  and

20 isotridecyloxypropyl d’ihydroxyethyl methyl. ammonium
chloride. .

Generally the surfactant will be present in the
composition in an amount of at least 0.001% by weight,
preferably at least 0.005% by weight or even 0.01% by

25 weight. Generally, the surfactant will be present in the
adhesion promotion compositiori in amounts no greater than
5%, preferably no greater than 3% and preferably no greater
‘than 2.5% by weight. It has been found that if the
~ concentration of surfactant is increased significantly
30 above . 5%, the micro-roughened surface of the metal which
forms the gbod adhesion promotion lacks uniformity so that
good adhesion may not be provided over the entire surface
of the conducting layer. :
: Preferably, the weight percentage of surfactant in the
35 adhesion promotion composition will be below the weight
percentage corrosion inhibitor in the composition.
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Other optional components may be incorporated in the

| composition. A preferred additional component comprises

stabilising agent for the hydrogen peroxide. Suitable
stabilising agents may be those mentioned in the patents
above. Examples include dipicolinic acid, diglycolic and

'thiodiglycolic acid, ethylene diamine tetraacetic acid and

its derivatives, magnesium salt of an aminopolycarboxylic
acid, sodium silicate, phosphates, phosphonates and
sulphonates. _ '

When the composition includes stabilising agent,
preferably the stabilising agent is present in an amount of
from 0.001% or even at least 0.005% by weight of the
adhesion promotion composition. Generally there will be no
more than 5% by weight, preferably no more than 1% by
weight in the composition. |

' The adhesion promotion composition may be made up by

mixing the components in an aqueous solution, preferably

formed using deionised water. 1In accordance with _s:tandard :
safe practice, hydrogen peroxide will be added to the
composition in a diluted form. The components formingm the
adhesion promotion composition will be mixed as required.

The copper surface is contacted with the adhesion
promotion composition generally without any pre-treatment.
The copper surface may have previously been provided with
a tarnish-inhibiting coating eg by incorporating the
tarnish inhibitor into a resist stripping composition used
in an immediately preceding step of etch resist stripping.
Tarnish inhibitors used in such strippers are, for example

 a triazole or other coating. If so, it may be desirable to

pre-clean the copper surface with an acidic pre-cleaner
such as PC 7078 or PC 7087 (tradenames of Alpha Metals
Limited), before contact with the composition. Preferably
prior to contact with the adhesion promotion composition,
the copper surface will be substantially dry. Aapart from
such a cleaning step, it is generally unnecessary to carry
out any pretreating steps. . In a preferred embodiment of
the invention the adhesion promotion step follows
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‘by any conventional means for example by immersion in a

bath of the adhesion promotion composition or by spraying
or any other means of'contact._ COntact_may'be as part of
a continuous process. . _

Generally contact of the copper surface with the
adhesion promotion composition will be at a temperature3no
greater than 75°C, most preferably the temperature will be
less than 50°C, for instance atjambient temperatures, for

example from 10 to 35°C, usually above 15°C, most

preferably from 20 to 30°C. The contact time will
generally be no less than 1 second, preferably no less than
5 seconds and often at_leastnlolseconde, most preferably at’
least 30 seconds. The maximum contact time'may be up to 10
minutes, although preferably the: contact.time is no greater
than 5 minutes, most. preferably no greater than 2 minutes.
A contact time of about 1 minute or 1ess than 1 minute is
particularly preferred. It is surprising that the
compositions can provide desirable results with such short
processing times, that is with contact times of less than
2 minutes. - ,

If the contact. time of the adhesion promotion
composition with the copper surface 15 too 1ong, there is
a risk that the copper surface may be etched away due to
dissolution and/or'that a deposit other than the micro-
porous crystalline deposit which forms the micro-roughened
surface, will be deposited onto the surface of the
conducting material.

The process has been found to be particularly
advantageous because it can be used to replace the black
copper oxide adhesion promotion s_f.ep in a 'c:oniderably
reduced number of steps, The micro-roughened surface which
is formed prov1des good adhes1on to an adjacent polymerlc
coating for example.an epoxy bonded fibre glass resin of a

peroxide is no greater than
10% nore preferably no greater than
preferably no greater than 4% by PoaiGpss02909 |t has
found that when the concentration of hydrogen peroxide in
structure of the
somewhat coral-1ike
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The inorganic acid in the adhesion pronotion 15 conposition is preferably
provi ded by phosphoric acid, nitric acid, sul phuric acid, or m xtures
t Her eof . Sul phuric acid is particularly preferred. The

concentration of acid in the conmposition is at | east 1% preferably at

| east 8% anWO¥d0%ref erably at 20 | east 9%by weight of tIRCTGBASH9A9 on.
The concentration of acid in the conposition will be no greater
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al kyl 30 sost ipaeficularly usefuhewmmbeoﬂopm twhtn:hu ts ptreated| nst ae
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wei ght , pref erably | east 805% Parti cue%rl ;? esl rabYe fcn

results are acﬂ’F%‘O%@PsmPtﬁ°BBercSH ¢ndnamhdeh Fheysmaotdi, rup side
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wei ght. Cenclifid Vis' PSudh! " 22RO’ B RotR e¥des Feibis® datdh IS the
10 method, preferably the drum side, at least, being treated.
The DSTF may be as described in WO-A-9421097 which is
incorporated herein by reference and the present method is
therefore used in addition to the adhesion promoting step
suggested in that specification. The foil is thus provided
15 on its drum side only with an adhesion enhancing plating,
preferably of copper-zinc particles. The foil has been
electrodeposited onto a smooth surface and preferably has
a nominal conductive thickness in the range 2.5 to 500um.
The rough (or matte) side which is not coated. with an
20 = adhesion enhancing plating may have a roughness R, value of
less than 10.2um, ie the foil is a low profile foil, or
less than S5.1um (ie a very low profile foil) or it may be

a standard foil (that is any roughness value).
After contact of the copper surface with the adhesion
25 - promotion composition to form the micro-roughened surface,
generally a pre-preg layer may be placed directly adjacent
to the copper surface and the p_re-preg layer adhered
directly to the copper surface in the adhesion step,
forming a multi-layer PCB. Generally in the adhesion step
30 heat is applied to initiate the adhesion reaction. 1In the
adhesion step, mechanical bonding is due to penetration of
the polymeric material of the insulating layer into the
micro~roughened surface provided in the adhesion promotion
step. As an alternative to the pre-preg layer, the
35 polymeric material applied directly on top of the micro-
roughened surface produced in the adhesion promotion step
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an amount of rirlseeassttep,o i%isy oW% % adequate to rinse just with water.
The treated surface is optionally subsequently dried. '
Accordlng to a preferred embodiment of the process a ‘
polymeric material is subsequently adhered to the micro-
15 roughened surface with no intermediate steps between the
adhesion promotion step and the adhesion of the polymeric
 material, or with a single rinse and/or drying step.
Preferably a pre-preg insulating layer may be applied
directly to the micro-roughened siurface and in the: adhesion
20 step, pressure is also applied by placing the layers which -
are to form the multi-layer laminate of the PCB of at least
the inner layer and outer-layer, in a press. Where
pressure is applied it is generally from 100 to 400 psi,
preferab_ly from 150 to 300 psi. The temperature of this
25 | edh_esi'o'n 'step will generally be from 100°C, preferably from
120°C to 200°C. The adhesion step is generally carried out
for any period from 5 minutes to 3 hours, most usually from
20 minutes to 1 hour, but is for sufficient time and
pressure and at a sufficiently high temperature to ensure
30 good adhesion between the first and second layers. During
this adhesion step, ‘the polymeric material of the
insulating layers which is generally an epoxy resin, tends
to flow ensuring that the conductive pattern in the metal
_ is substantially sealed between insulating layers and
35 subsequent penetration of water and air is avoided.
If de'si'r'ed', several layers may be placed together in
the adhesion step to effect lamination of several layers in
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or even 0.01% by weight. Generally, the surfactant will be pres p—
adhesi on pronotion conposition 25 in"an anount of fro ﬂ}"§/$l'lléﬁ S BEEI
preferably no greater than 3% and nore preferably AgreﬁEBLAC D
t han 2. 5% bWO0 96/19097 wei ght. |t has been found that if tRCI/GB95/02909
concentration - of surfactant is increased significantly above

5% the roughened surface of the tal which forns the good

30 dh t] | acks Lni ] t : - '
my not be. provi e e (FECE 4 st b, BRI YAea poara, (pg HEdT BS"
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35 percentage corrosion In |b|tor Int conposi t
AMVENDED SHEET ~ conducting surface fo3messfrPBNCPRPER %‘Fnﬂ}'rhernve&#é&t@hich

than 20% by \EBI ghagingood adhesion.

The present invention also 1nc1udes an adhesion
promotion composition comprising 0.1% to 20% by weight
hydrogen peroxide, an inorganic acid, 0.5 to 2.5% by weight
of an organic corrosion inhibitor, preferably comprising

10 triazole, tetrazole and/or imidazole and a cationic
surfactant. In a particularly preferred composition, the
composition also comprises a stabilising agent for hydrogen
peroxide selected from those mentioned above. '

, Examples of the invention are given below:

15 Example 1-8 _ . _

Adhesion promotion compositions 1-8 were made up by
mixing the components in the various weight percentages
given in Table 1 to form agqueous compositions.

Figure 1 shows the type of surface resulting.on copper

20 foil without an adhesion promotion treatment. Figure 2
shows the results obtained using a chemical cleaner as
discussed above. Figure 3 illustrates the results obtained
after treating copper foil in accordance with the present
invention. _

25 Standard copper foil has a smooth surface topography
(fig. 1). The use of chemical microetch cleaners based
upon sodium persulphate or ferric chloride chenmically
modifies the surface. The etching component does not
dissolve the surface in a uniform manner, and the surface

30 roughness is increased (fig. 2). The mechanism of the
process described in the present invention is quite
different. In this case copper is dissolved at the
surface, this copper reacts with the inhibitor components
to produce a £film on the surface. This film is believed to

35 be crystalline in nature because of its repeating
structure. The colour of the film is red brown, and often
shows the distinctive "cracked-mud" appearance under

-
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quat ernary anmoni um surfactants are i sodecyl oxypropyl .

di hydr oxyet hyl et hyl anmoni um chl ori de and '

i sotridecyl oxypropyl dihydroxyethyl nethyl amonium 20 chl ori de.
Generally the surfactant will be present in the . conmposi tion in
an anount of at |east 0:.005% by wei ght _ or even 0.01% by wei ght .
Generally, the surfactant will be present in the adhesion pronotion
conposition 25 in an anount of fromO0.5%to 5% preferably no
greater than 3% and nore preferably no greater than 2.5% by '
weight. It has been found that if the concentration - of

surfactant is increased significantly above 5% the
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concentration is less than 5% or even |ess than 196THIS SHEET HAS BEEN|  The

surfactant is preferably a cationic surf actant, REPLACED usually an
am ne surfactant. Most preferably it is a ' LO—gttat-etr-rrat-y
anmoni umveoisé/Boyant i s preferably one or nore ' PCT/GBYSINR9ém ! ed
fatty amnes. Preferably the surfactant w || be a (Jerr]
surfactant, that is a surfactant conprisintf at | east one
(preferably one) err al kyl group. Suitable - _ surfactants
have at | east mié-!ek‘,“ erably two hydroxy | ower 15  al kyl

groups, that is (] erhe. bpdutival iyl examplencl owas|esed to treat copper-
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samples were treated with the _solution in example 1. These
foils were than laminated to prepreg material for the
purpose of testing peel strengths in accordance with MIL-P-
13949. Mean peel test values for the standard foil were in

20 the range 5.5-6.5 pounds per inch and those for the DSTFoil
were in the ‘range 6.5-7.51b/in. Both foils showed
performance egual or better than the gé_n_e:alljr accepted
requirément of 5-6 pounds per inch. - (Achieved using
conventional alkaline black oxide processes as the copper

25  treatment.) | -
Example 10 .

. Samples ' of typical simple singlé-—s'_ided PCB’s were
obtained before the application of solder resist. One
example was passed through a mechanical bfushing machine,

30 the other was treated with the soluti_.on in example 1. Both
PCB’s were then coated with a UV curing solder resist
(supplied by Alpha Metals) using a screen printing
techriiqne. After_ the solder resist had been UV cured,
adhesion of the resist was tested by immersing the samples

35 which had been brliéhed showed exter;_s_ive blistering of the
solder resist. The sample treated with this invention
showed no “bli_ster_ing up to the point when the test was

T
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percentage corrosion inhibitor in the conposition. WO 96/ 19097

PCT/ GB95/ 02909 S : 9 O her

opti onal . conponents nay be incorporated in the conposition. A
preferred a¥kQONM conponent conpri ses stabi |l i si ng ageRaT/GBOS/I02909
hydr ogen per oxi de. Sui tabl e - stabilisi ng agents may be those
nmentioned in the patents 5 above. Exanpl 24 include di pi col i ni ¢ acid,

di gl ycolic and t.hi Qdi gl ygol ic acid,, et hyl ene di am ne, tetraacetic acid
and SO T Ger ommipated, K st e Roir BhETRAT RRAATS At. the $E

aci d, sodi um si | isubiskratie hatiteesurpiedsphonat es and sul phonates. 10
When the conposition nclu ali)J.si g y.
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| east 0.005% by pbofeinsgeatle dry-§iknssoldernank ifnomn Sheolupont company.
Ceneral |y there Wn knis RAse a siHida3mprévenetiti G adiedfidnttas ROLER. e

than 1% by 15 wei ght in_the conposi.tion, Th§ adhesi on pronotion
conposition may W& apsgy noted fkhat, thecusgrf cHris; prefregtaent to

solution, prefergphance adhesion did not interfere with the clean
| development of the solder resist after imaging. This
problem known as "resist lock-in" has been encountered with

10 other adhesion promoting processes.
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cgggzr or a copper alloy, preferably copper, more
preferably a drum side treated copper foil.

3. A process according to claim 1 or claim 2 in which
hydrogen peroxide is present in the adhesion promotion
composition at a concentration of 1.0% to 4.0% by weight
hydrogen peroxide.

4. A process according to any preceding claim in which
the inorganic acid is phosphoric acid, nitric aciqd,
sulphuric acid, or mixtures thereof, preferably snlphnrié
acid. .

5. A process according to any preceding claim in which
the concentration of acid in the composition is in the
range 1 to 50%, preferably 9-20%. '

6. A process according to any preceding claim in which
the corrosion inhibitor is a triazole, tetrazole and/or
imidazole, preferably a triazole, most preferably a benzo-
triazole.

7. A process according to any preceding claim in which
the corrosion inhibitor is present in the adhesion
promotion composition in an amount of at least 0.0001% by
weight, preferably at least 0.0005%, more preferably at
least 0.1% and no greatef than 20% by weight and preferably
no greater than 10% by weight, more preferably up to 5% and
most preferably up to 1% of the total weight of the
adhesion promotion composition.

8. A process according to any preceding claim in which
the surfactant is a cationic surfactant, preferably a

guaternary ammonium surfactant.
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a polyneric: photo-resist, screen-resist solder mask or
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m croetch Womsa9e%s which * requitre® 3 addltlonabcﬁmmyynjﬁnvs-
a mcroetch step and the 5 subsequent PCB manuf acturing steps
between a mcroetch step and t¥ subsequent PCB manuf act uri ng
step in which a pol ymeric layer is applied to the copper,
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12. A process according to any preceding claim which is

15 carried out at a temperature up to 75°C, preferably in the
range 15 to 35°C, most preferably 20 to 30°C. )
13. A process according to any preceding claim in which
the contact time is in the range 10 s to 10 minutes,
preferably in the range 30 s to 2 minutes. :

20 . 14. A process accordihg to any preceding claim in which a
poiymeric material is subsequently adhered to the micro-
roughened conversion coated surface, preferably with no
steps between the adhesive promotion step and the step of
adhering the polymeric material or with a single rinse

25 and/or drying step.

15. A process according to any preceding claim which is
for forming a multi-layer PCB comprising an inner-layer and
an outer-layer, the inner layer comprising at least one
insulatihg layer and at least one conducting layer and the

30 outer-layer comprising at least an insulating layer, in
which the metal surface which is treated is a conducting
layer.

16. A process according to claim 15 in which, after the
adhesion promotion step, a pre-preg layer is placed

35 directly adjacent to the conducting layer and the two

| layers adhered to one another in the adhesion step, forming
a multi-layer PCB.
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and air is avaaleak by weight hydrogenf p_étsxu._dé,, anv dnoirgamier actdy bes
pl aced togethegy if) 55 by weignt!8f 2NG2GAAIY! BBrkBaIbh°inniBTLAR! ARG &'

several layers 1n
a single step cationieisarfactantayered board. As will be seen,

the preseny inygntiondmpdsition casebLain |}to claim 17 ShMRIN{dEdthe
process over the known ocesses ndq&gér %h conductin

surface for mecINAREERD ?no? d is in the range 1,tg 4%
adhesi on. by weight. The present invention also includes w t_hi nits an

adhesi on promog on o OS'ér@fo a@éc;zsdﬁ% %éa&%ﬁ%";‘?"@r 18 in which the
surfactant is a gquaternary ammonium surfactant, preferably

10 an ethoxylated fatty amine, more preferably selected fr'om'
isodecyloxypropyl dihydroxyethyl methyl ammonium chloride
and isotridecyloxypropyl dihydroxyethyl methyl ammonium ‘
chloride and in which the surfactant is present in the
composition in an amount of at least 0.001% by weight,

15 preferably at least 0.005% by weight or even more. than
0.01% by weight, and no greater than 5%, preferably no
greater than 3% and preferably no greater than 2.5% by
weight. ' : - ;- .

- 20. A composition according to any of claims 17:to 19 in
20 which corrosion inhibitor comprises a triazole, tetrazole
| and/or imidazole in a concentration in the range 0.0005% to

10% by weight.
21. A composition according tc any of claims 17 to 20
which comprises a stabiliser for hydrogen peroxide.

25 . 22. A composition according to claim 21 in which  the
stabiliser is selected from sulphonic acid, alcohols,
aliphatic amines and their salts, alkoxy amines, aliphatic
acid amines and aliphatic imines.

23. A composition according to claim 21 or 22 in which the

30 acid is sulphuric acid.

\
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by wei ght hydrogen peroxide, from1%to 50% by wei ght of an
inorganic acid, 0.5 to 2.5% by weight of an organi c corrosion
i hhi bitor and at | east 0.1% by. 10 weight of a cationic surfactant.
Exanpl es ofwole&19@venti on are gi ven bel ow Exanpl BC1i6B95/02909
Adhesi on pronotion conpositions 1-8 were nade up by 15 m xi ng the
conponents in the various wei ght perceﬂﬂ&ges given in Table 1 to
f orm aqueous conpositions. Figure 1 shows the type of
surface resulting on copper foil w thout an adhesi on pronotion
treatment. Figure 2 shows the results obtained using a chenica
cl eaner as di scussed above. Figure 3 illustrates the results
obt ai ned 20 after treating copper foil in accordance with
t he present i nventi on. _ St andard copper foil has
a snooth surface topography (fig. 1). The use of chem cal mcroetch

cl eaners based 25 - upon sodi um persul phate or ferric chloride

chem cal ly difies the surface. The et chi ng ponent does

« e

not ipiel T AN f ace
roughness i 4 .7?? {'7‘ ) Ocess
descri bed i ~ T ol In this
case copper hcts with
the inhibit (EEEE e. This
filmis bel g its
repeating |

Figure 1
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structure. The colour of the filmis red brow, and often shows
the distinctive "cracked-nud" appearance under

-13- a siq%!e step to formthe nmulti-layered board. As will be

seen, the pPMOB7nvention provides a considerably si MPICT/GRISOIMODCESS
over the known processes and provides a conducting surface fornmed from

copper or other nmetals which has 9863 adhesion. 5 The present
i nvention also includes within its an adhesi on pronotion conposition
conprising 0.1 t @ U = : ' | f

by wei ght .
organi ¢ corrosi ogh%
surfactant.
Exanple 1-8
15 m xi ng the

Figure 3
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g| ven in TabI elto formaqueous CoMpQsdni ons. 0o . Hgre 1 shows the
type Qf s_uirface resul ting onn @ogper 0" wfaoLI v@thd;ut safls &3BTSIi on pronotion
t reat npnt Figure 2 shuovvsnt he, "rqsul s obf@j ngd, usi pg® & cheni cal

cl eaner., as di scussed above. Flgure illustrates the results obtained
20 .. after treating copper foil in accordance with the present

k nvent-i on. St andard copper foil has a snmooth surface topography
{fid. 1). The use of chem cal m'croetch cl eaners based 25 upon sodi um
persul phate or ferric chI oride chem cally i es the surface. The

-Eetchl ng conponent doesIRot IP-A~03-d40484 ( ke, sur?ﬁce"?ﬂpﬁrunPPS:ﬂ?ﬁﬁnnEFG
and the surface pretredg¢edepriop toclambwatién owith .a hifdrogen perarygényhe

Phis case copper PulphBELB £GFdicanptles3n b5 Abud & ﬁgggegb%éeé% oo
~the inhibitor comféAént the compogpitionre containmn ame additive. 18B=896) in
i's believed to anﬁ?a?fvxlﬁle :cl.'»* e ﬂeﬁ%&“bﬁ.?eﬁﬁf d&ﬁl Wﬁ%&éﬂ&f—%%e

"structure. 5rhe coPour 0 | | s,.red brown
di stinctive "crackb® Hﬁﬂ“e%p%%@gr@é decomposition of peroxide.
In US-A-3773577 a copper etchant based on sulphuric

acid and hydrogen peroxide contains an aliphatic amine,

examples being primary or tertiary amines. The amines are

10 not surface active. .In JP-A-03-79778 a copper etchant

based on sulphuric acid and hydrogen peroxide contains a

triazole and chloride ion together with an alcohol or

glycol. In JP-A-51-27819 a copper etchant based on

hydrogen peroxide and sulphuric acid contains a tetrazole
and optionally a tertiary amine or an alcohol. |

The present inventors have surprisingly found that the

use of a hydrogen peroxide~-containing aqueous composition

on a copper surface forms a cleaned copper surface which is

micro-roughened and has sufficiently good porosity that a

particularly strong bond may be formed with an organic

layer, as is required in the preparation of multi-layer

PCBs.

15

20

25 . In accordance with the éresent invention, there
is provided a process of forming a micro-roughened
conversion coated metal surface, which process

_ _ comprises contacting the metal surface with an

£ adhesion promotion composition comprising 0.1 to 20%

}ﬁt 30 by weight hydrogen peroxide, from 1% to 50% by weight

’-'” of an inorganic acid, at least 0.0001% by weight of an
inorganic corrosion inhibitor and at least 0:001% by
weight of a cationic surfactant in an adhesion

_ promotion step whereby a micro-roughened conversion-

35 coated surface is formed.
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0,000

13 @ single step to f&)ramd he’ rml t°|°-| ayergd Ward’ nod\S w il be
.séeny-the present inventiors prew des ao con5| dst.abi e Y m*ﬂ ified process
over t he known processes -antl prfovi des a conducting surface formed from
.copper or other netals which 5 has gedsa-<adhesi on. The present
{invention al so i ncludes an adhesi on pronoti on conposition conprising
0.1%to 20% by wei ght hydrogen peroxide, an inorganic acid, 0.5 to

;2. 5% by wei ght of an organic corrosion inhibitor, prefer abl y

‘conpri si ng 10 tr| a/Miee pracass:of cthedinventhoniabs partienlarlyc asesulc
surfactant. In fuzﬁahar%ﬁﬁf rarégﬁ 8§in£i'i3§‘ind AR fnner<T4RAS ahaon

‘al so conpri ses a stabi[1srng agent é Rerom e sel ected from
t hose nenti oned gboq%ter-layer, the apne &f’ FH’e"PHPE' Eing atc 1gast,one ow

‘15 Exanple 1-8 jnsulating’dageirOandr#EVLéeat o1 ondueting- Tayer anaadneup

by m Xi ng the conponents in it varj o i ght ven
h Tabl e 1 po f SHRIBYEE BTG, ¢ “18a2€' 4R 4RRIBRIAT Savery ]
of surface resulvthmj\ mhe:cqmulucﬁﬁng fhyemisnothe aretadhadiose ;sm'ﬁaceo

treatment. Figy (fesagtl?sdseida Sﬁig%‘giﬁg&éféﬂ'ts Fled e %ﬁ{& n° HOmbRio

cl eaner as rgure 3 ustrates the results obt al ned
after treating copper foil in accordance with the present i nvention.
25 St andard copper foil has a snooth surface topography

10

15
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(L‘Ig 1). The use of chem cak m:croeéech ﬁaleeaner§ based ’, o8pon sodi um
persul phate or ferric: chl orlgje: *ehent caaITtya o gmdlﬁl &s ot hp 388y f ace. The
et &hi ng conponent does not ° odl ss«ﬂ Ve, t»he sygface, in @, uALfdr m manner,
and the surface 30 roughness i's" i ncreased (f|g 2). The nmechani sm of the

rocess described in the present invention is’quite different.

hi s case copper sur ce t hi vvfth
he i nhi bitor conp ?%ﬂi%y&oqa%‘ é’rg%(?dgged SFPNGRA kﬁ?ﬁ%’g °£’?ﬁ' i????ﬂ
s believed to 35 pexaxide #Staclgmtamthnat ao&, prafarablyno greater than
riepeating St rygg ur Tﬁf‘e t e brl'SMr ﬁﬁ of.
:shows the distinctl ve' ng‘?réec ed féﬁcﬁﬁg %g%r ngé‘:%}? %ﬁaﬂ Sy iy gt
-16- poafiarably no greater than 4 Ry Weightn | n Stahins beeps

:USEd to treat scOpPEVund that when thﬁ'édnBEﬁttﬂﬂﬁén'WQi d@@@éﬁ er&’ﬁe in
ol uti on was used

5[err ont ct ti of 60
Ioconde tarr o tlle adnesion prAndbien: Shicalfidh 20 €% o
(trade nmark of structure oPot}yelmglﬁanelhmxabacofoth&‘esonﬂemdq rl,ayl&tw

j Fﬁgfsmge’ formng%iﬁew rg)ni'aﬁ Qgﬁﬁsé@ﬂhéédn"%%mi@?qgaﬁgﬂ( 139
“coloration than than the desir roughening effect, so that it forms a
: | 10 weaker bond than when lower concentrations of hydrogen
peroxide are used. The most preferred concentration of
hydrogen peroxide is from 0.5% by weight of the adhesion
promotion composition to 4% by weight. '

' The inorganic acid in the adhesion promotion

15 composition is preferably provided by phosphoric acid,
nitric acid, sulphuric acid, or mixtures thereof.
Sulphuric acid is particularly preferred. The
concentration of acid in the composition is at
least 1%, preferably at least 8% and most preferably at

20 least 9% by weight of the composition. e
concentration of acid in the composition will be no greater
than 50%, preferably no greater than 30% and most
‘preferably no greater than 20% by weiqht of the total
composition.

25 The corrosion inhibitor is usually selected from one
or mixtures of more than _one triazole, tetrazole and
imidazole. Triazoles are particularly preferred and
optionally substituted benzotriazoles are most preferred.
Suitable substituents are for example ¢, alkyl

30 substituents. '

The corrosion inhibitor is present in the
adhesion promotion composition in an amount of at least
0.0001% by weight, preferably at least 0.0005%.
'Particularly ' desirable results are achieved with

35 concentrations of at least 0.1%, more 'preferably more than
0.5% by weight and sometimes more than 1% by weight.
Generally, the corrosion inhibitor will be present in the
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an

those with standard copper fois. Th@ o lANET Ia,\gers,,,,were .""So ther\

pressed into 4 layer PEB>% f Ol evMong norgral o oooo a "o procedures.
iThe PCB's were finished, ardd tﬁlen toestoeq"for oo ugn oc” fprhnk ri ng" and
tdel ani nation foll ow ng i nddst ry standar d g - 10 tests I PC-TM 650 &
{M L- P-55110D respectively. Al of the : panel s passed these

itests. - IIn a further test standard copper foil & DSTFoil -
=sarrp| es were treaﬁampoaﬁ.thohhiansah wmaunt mee greaterl thinc20% by weight and

:foils were than | ?ES&%FSM Bop{ a3 TR aioioﬁn%lh%rl_ Igre&rably less

‘pur pose of testi M I'n accordance w
113949. Mean peel thegx %Ihﬂéswséght-h@fsthmmtotﬂdr |wadkght @f the adhesionthe .

range 98.18 to 1 ds | h f
range 22 1 mremﬂgégﬁ&&ﬁm ®Egh e&ﬁ&entrauons, suthd abhaspef OF

;(6.5-7.51b/in) of?n o‘@%ﬂirabla as the%e‘??’br*r’eﬂ'&‘g a, reduckioneine,
vthan t he general the processingaccmmi requi Pre!erably89 2owevek()7/. 1thg/m

f(bEiaSk| OX,lge procé’g’é’éggggé)ﬁ] 2%% léeééb‘%aeﬁ/% ‘{fx{' ;Uqéaﬁ@? ﬁ} Lpaal 18! kaline
:We?gp ° obt a?%%ds‘b’egﬁgga?ﬁegép%l ‘19%%??‘6%: ’?@ﬁ#gﬁfeyﬁfﬂ One

‘exanpl e was passan ahlmgﬁunfaetmm caMogt usheferalpliniife is a quader-t he

other was treat eﬂ %@&Q'é‘ﬁif‘é‘c EXMDER is ﬁ%fbxably an ethPCB S
were then coated W curl er resist sntg) d by

Al pha Met al8) ustlﬁtSQr%QEt%r?‘%{-F‘%g Preferably %%rﬁﬂ%t
sol‘r resist hagy bge@ WV Giffffbtant, that is a surfactant comprising at
least one (preferably one) Cy., alkyl group. Suitable
surfactants have at least one, preferably two hydroxy lower
alkyl groups, that is C;, hydroxyalkyl, and one or, less
15 preferably, two lower alkyl, that is C, -alkyl groups,
attached to the nitrogen atom. Particularly preferred
quaternary ammonium surfactants are isodecyloxypropyl
dihydroxyethyl methyl ammonium chloride and
isotridecyloxypropyl dihydroxyethyl methyl ammonium
20 chloride.

Generally  the surfactant will be present in the
composition in an amount of at least 0.005% by weight

-or even 0.01% by weight. Generally, the surfactant
6@ will be present in the .adhesion promotion composition

25 in an amoﬁnt of from 0.5% to 5%, preferably no greater
than 3% and more preferably no greatef than 2.5% by
weight. It has been found that if the concentration
of surfactant is increased significantly above 5%, the
roughened surface of the metal which forms the good

30 adhesion promotion lacks uniformity so that good
adhesion may not be provided over the entire surface

of the conductzng layer.

Preferably, the weight percentage of surfactant in the
adhesion promotion composition will be below the weight

35
: percentage corrosion inhibitor in the composition.

coT | . - AMENDED SHEET



‘a adhesi on of the resi st was’ bested byoi maer si ngst hgosarrpl €3 o33 - which had

been brushed showed extensi §e.,t i st’erd ﬁge of thg 9 oo 2°8ql der resist.

"The sanple-treated with thi§ irentibdns o oS ooghomeﬂ"rf’o. BI istering up
to the point when the test ®as ®° °°°° °°

- 16- Exampl e 9 _ = 12 = The solution in exarrpl e 1 was
used to treat copper- clad PCB i nner |ayer panel S. The
sol ution was used at about, 45[ e ci tinme of 60

Soconds. 1aif of Shpolymeric PhotdriRRisty, SCErai-FASLEE, Hoifess sk oF
~(trade mark of adhesive matierial amhy e Iﬁmt]lylcappifiemst Franklin, New

fampshire, ol G a1 b VB ol ine
~:coloration than use ©of mult:h-\-gieem. twienoetah d pragessesi whithe reguire
ilayers were adaitiond ] CsPeps Schetibén 4 hayRicEEREn! Obtayi néndor €A
‘pr ocedur es. The P were finis en .t est
~ " pi nk-ring" sand c@%ﬁﬁ‘mﬁﬂ%ﬁ%PPB#ﬂﬁtﬁmgﬂgt? RS %&gp&n a microetch step; ¢
' ggslglﬁ ?ﬁgsg l\ﬂels_tiil&S%QD g6686Gient| PCB A?hnofaébering step in whigls a
DR oS Ot e et ayer, 8 pblida' B! 50 el MRAAGE SRl
+ .These dips, oxide and reducer steps. Although it may be
: desirable to follow the adhesion promotion step with a
rinse step, it is often adequate to rinse just with water.
The treated surface is optionally subsequently dried.
According to a preferred embodiment of the process a
polymeric material is subsequently adhered to the micro-
roughened surface with no intermediate steps between the
15 . adhesion promotion step and the adhesion of the polymeric
material, or with a single rinse and/or drying step.
Preferably a pre-preg insulating layer may be applied
directly to the micro-roughened surface and in the adhesion
- step, pressure is also applied by placing the layers which
are to form the multi-layer laminate of the PCB of at least
the inner layer and outer-layer, in a press. Where

10

20

pressure is applied it is generally from 689 to 2756
kPa (100 to 400 psi). Preferably from 1033 to 2066
kPa (150 to 300 psi). The temperature of this
25 adhesion step will generally be. from 100°C, preferably from
120°C to 200°C. The adhesion step is generally carried out
for any perio'd'from S minutes to 3 hours , most usually from
20 minutes to 1 hour, but is for sufficient time and
pressure and at a sufficiently high temperature to ensure
30 good adhesion between the first and second layers. During
this adhesion. step, the polymeric material 'of the
insulating layers which is generally an epoxy resin, tends
to flow ensuring that the conductive pattern in the metal
is substantially sealed between insulating layers and
35 subsequent penetration of water and air is avoided.
I1f desired, several layers may be placed together in
the adhesion step: to effect lamination of several layers in

AMENDED SHEFT



af0|ls were than | am nated t0 prepreag rraberlal Joforasthe 2, ,°715

ipur pose of testing peel st r°engt, hs 9 noaca@ordanoe vm°t h,,M'L,P“” _

1139460. Mean peel test valugs far thé s»tandarq‘t’f 0|,]° Wer €qdN%er” t he
«range 98.18 to 116 kg/m (5.5-6.5 pounds per inch) and those for
ithe DSTFoil were in the range 116 to = 13 20 133.87 kg/m
1(6.5-7.5lb/in). Both foils showed performance equal or better
-1than the generally -accepted requirenent of 89.25 to 107.1 kg/m
| EF % oxi a RAugis Beep p to rorf’thacmelt iislaypredh boardonahs vidl ibe

-ibl ack oxi de processe ast € Cco t

|Exanpl e 10 seen, P&ﬁé)ﬁo'g's Jr’“ﬁfbl c%é'l ?%ﬁg?gggl 213 echlmside?gé. ¥
‘wer e 1a,|ﬂea in‘bm:ess: loyexpbhe cknown RICCASSES aF‘@sP§?"i e%

texanpl e was passed A o s&c&- Fther metals whidie
lother was treat & q‘?ﬁg Ellgogb?ﬁég%rrpl e p Bot h PCB' s

twere then coat ehas tgood Bdmimg. sol der resi st (supplied by

L Al pha Metggs)  usingpy ﬁ%é‘rﬁ? ifdri¥id also includeé eaeniguatsARher the

isol der resi'st had been cured sion ,of th I‘ESI%'[

[itested by i mer stdhesiRn R Qiion compositigp c‘T‘P"PP&H{] ﬁ'u b sﬁ%ﬁed
‘ext ensive bli st asy Wih.ﬂjhﬁ heydrogen peroxiid defromsiftto Shie byawelightreated
W th this invention = inorganic adfd®h./K &8 1516Y 1P Wiidhit beapoi Nt when

‘the test was
. organic corrosion inhibitor and at least_: 0.1% by
10 weight of a cationic surfactant.

Vb

&

-

Examples of the invention are given below:
Example 1-8

Adhesion promotion compositions 1-8 were made up by
mixing the components in the various weight percentages °
given in Table 1 to form aqueous compositions.

Figure 1 shows the type of surface resulting on copper
foil without an adhesion promotion treatment. Figure 2
shows the results obtained using a chemical cleaner as
discussed above. Figure 3 illustrates the results obtained
after treating copper foil in accordance with the present

15

20

invention.

Standard copper foil has a smooth surface topography
(fig. 1). The use of chemical microetch cleaners based
upon sodium persulphate or ferric chloride chemically
modifies the surface. The etching component does not
dissolve the surface in a unifornm manner, and the surface
roughness is increased (fig. 2). The mechanism of the
process described in the present invention is quite
different. In this case copper is dissolved at the
surféce, this copper reacts with the inhibitor components

" to produce a film on the surface. This film is believed to
be crystalline in nature because of its repeating
structure. The colour of the film is red brown, and often
shows the distinctive "cracked-mud® appearance under

25

30

35
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Substitute sheet - 19/5/98, ., na o ma = 12 AproceS”s of formng a

m cro-roughened convé,rs,l on coabéd: |copperr or °coppég: sal T oy surface, 5
fwhi ch. process conprises corit ac£| ng ~f he copper or ¢, popber al | oy
gsurface wi th an aqueous adhesi on ‘pronotion conposition consisting of
from 0.1%to 20% - by wei ght hydod€n~peroxide, from1%to 50% by

wei ght . of Exaimpdegdnic acid, from0.0001%to 20% by wei ght of 10

|eat1 oni & surf act ;‘n’f' e s A . ““ﬁ?“ﬁ?‘g
peroxi de and t heclad %ﬁ!ﬁé}/v&ﬁr Pa'i% s. egzsgf'ﬁxéjpﬁ'gcr:‘!%eg
'to claiml in \/\hasbu{:hes°c witlf epeontastatdmenosi 60 secehdsl. c gkt dﬁ)lﬁhe
'panelsg were clad in Polyclad DSTFoil (trade mark of
i Polyclad Laminates, Inc. of West Franklin, New Hampshire,
! UsA). After processing it was immediately noted that the
DSTFoil samples had a much darker red-brown coloration than
! those with standard copper foil. The inner layers were
then pressed into 4 1layer PCB’S following normal
procedures. The PCB’s were finished, and then tested for
: "pink-ring® and delamination following industry standard
10 tests IPC-TM-650 & MIL-P-55110D respectively. All of the
S~ panels passed these tests.

In a further test standard copper foil & DSTFoil
samples were treated with the solution in example 1. These
foils were than laminated to prepreg material for the.
purpose of testing peel strengths in accordance with MIL-P-
13949. Mean peel test values for the standard foil were in

15

the range 98.18 to 116 kg/m (5.5-6.5 pounds per inch)
and those for the DSTFoil were in the range 116 to

20 133.87 kg/m (6.5-7.51b/in). Both foils showed
performance equal or better than the generally
accepted requirement of 89.25 to 107.1 kXg/m (5-6
pounds per inch). (Achieved using conventional

@? alkaline black oxide processes as the copper
o 25 treatment). ' -

Example 10
Samples of typical simple single-sided PCB’s were

obtained before the application of solder resist. One
example was passed through a mechanical brushing machine,

30 the other was treated with the solution in example 1. Both
PCB’s were then coated with a UV- curing solder resist
(supplied by Alpha Metals) using a screen printing

" technique. = After the solder resist had been UV cured,
adhesion of the resist was tested by inmersing the samples

35 which had been brushed showed extensive blistering of the
solder resist. The sample treated with this invention
showed no hiistering up to the point when the test was

% N -~ AMENDED SHEET _



é. A process according to cdaiml or cla|n12 o whrcbohydrogen_

perOX|de Is present in the adhéS|on 2@ %an pronnilom cgnp9s1gﬁgp
¢oncentration of 1.0%to o 4. 0%y ewmoght I"rydrggen peroxj de. THIS SHEET Hag BEE]

g. A process acchd+ﬂg—%e—aﬁy—prEEéd|ng "clai m i n which the | NRERIATED

cid is phosphoric_a acw%, sul phuric acid, or mX
t;hereof preferabl \m} m“!m‘ .aci d. 5. A process

in which the concentration of acid

ccording to any

Zn t he conposition 30 is in the range from9 to 20% by wei ght.

¢ A process according to any preceding claim i n which the corrosion
tnhibitor is a t cLAZRBe, tetrazole and/or imdazole, preferably a
triazole, 35 nost preferably a benzotriazol e. '

Substitute sheet- 19/5/98 ' :
i 1. A process of forming a micro-roughened

conversion coated metal surface, which process

5 comprises contacting the metal surface with an
adhesion promotion composition comprising 0.1 to 20%
by weight hydrogen peroxide, from 1% to 50% by weight
of an inorganic acid, at least 0.0001% by weight of an
inorganic corrosion inhibitor and at least 0.001% by

10 weight of a cationic surfactant in an adhesion
promotion step whereby a micro-roughened conversion-
coated surface is formed.

2. A process according to claim 1 in which the
15 metal is copper or a copper alloy, preferably copper,
more preferably a drum side treated copper foil.

3. A process according to claim 1 or claim 2 in
which hydrogen peroxide is present in the adhesion
20 promotion composition at a concentration of 1.0% to
4.0% by weight hydrogen peroxide.

4. A process according to-any preceding claim
in which the inorganic acid is phosphoric acid, nitric
25 acid, sulphuric acid, or mixtures thereof, preferably
sulphuric acid.

5. A process according to any preceding claim
_ in which the concentration of acid in the composition
30 is in the range from 9 to zo%lby weight.

6. A process according to any preceding claim
in which the corrosion inhibitor is a triazole,
tetrazole and/or imidazole, preferably a triazole,

35 most preferably a benzotriazole.

Sheet Has Been Reﬂlaced

“THAAR

AMENDED Spggy



)
7. A process according tOvan¥=preced|ng°cIaLm1 .3 I n Whith the
cofrogion,inhibitor is presenb t¢n the~ =»_  _adfesign progfti®n conposition

4]

it an anmount of from 5 Q 0005% t:q.. 2096 by wei.ghtg, ae® Tan ‘3 FET HAS BEE
process accordin recedi ng clalm in which the surfg FHE&Tiﬁﬁgn
guaternary anmoniu . - 9. A procegs _ac L DG
toclaim8 in whi cn‘\“‘“ﬂ“‘“i““ m‘ﬁ nary ammnl um surfactant is an

et hoxyl ated fatty ne, preferably selected fromisodecyl oxypropyl

di hydr oxyet hyl nethyl annnnlun1chloride-and 15 i sotridecyl exypr opyl

di hydr oxyet hyl nethyl anmmoni um chl ori de. 10. A process
accordi ng to any preckdi n(A @process accdrﬂi/ﬁg'cﬂ:bt&ny préced i d]:amr esent
in the conpositi o} 5%t Yy Ve
11. A process ac]g'g @9 g tol{%ﬁ%/b%@é{egl n{gnﬁc 19{1&9:- is &vﬁés/&ﬁ rr| ed out
at a tenper at ur cadiiesion PrEiatiqrC, 00@51*-1011 in2n /anpmwéﬁ &xomy ding to

any preceding cl@i¢doss to 20% by weight.

5
8. A process according to any preceding claim
in which the surfactant is a quaternary ammonium
- surfactant.
10 9. A process according to claim 8 in which the

guaternary ammonium surfactant is an ethoxylated fatty

amine, preferably selected from isodecyloxYpropyl

dihydroxyethyl methyl ammonium chloride and

isotridecyloxypropyl dihydroxyethyl methyl ammonium-
15 chloride.

-10. A process according to any preceding claim
in which the surfactant is present in the composition
in an amount of from 0.5% to 5% by weight.

20
11. A process according to any preceding claim
which is carried out at a temperature of up to 75°C.
12. A process according to any preceding claim
25 in which the contact time is in the range 10s to 10

minutes.

13. A process according to any preceding claim
" in which a polymeric material is adhered to the
30 microroughened conversion coated surface, immediately
after the adhesive promotion step with an optional,
intermediate single'rinSe and/or drying step.

14. A process according to any preceding claim

35 which is for forming a multi-layer PCB cqmprising an
This Sheet Has Been Reﬂ
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in mhlch the contact tinme |$ in»the-range 10s to 1@ > njortut es.
13 A progess according to any precedfnguclalnw30 o LN s ¥ ,a pol yneric

materi’al is adhered to the mcro- o - roughemed Qanengwdm coat ed

surface, immediately after t he adhesive pronotion step. V

optlonal Internmediate single rins and/or dryi ng step. 1¥@§%MEETHQSEEENW
14. A process ac ecedlng clai m Q&EQAQ PS -
“for formng a mul ﬂ“llmm I“H:MH“I‘HH sing an i nner | ayer and an outer

{ayer, the inner |ayef *t onprti sing at |east one insulating |ayer and at

| east one conducti ng Iayer and the outer |ayer conprising at

inner-layer and an outer-layer, the inner layer

comprising at least one insulating layer and at least

one conducting layer and the outer-layer comprising at

least an insulating iayer, in which the metal surface
5 which is treated is a conducting layer.

15. A process according to claim 14 in which,
after the adhesion promotion step, a pre-preg layer is
placed directly adjacent to the conducting layer and

10 the two layers adhered to one another in the adhesion
step, forming a multi-layer PCB.

16. An adhesion promotion composition comprising
0.1 to 20.0% by weight hydrogen peroxide, from 1% to
15 50% by weight of an inorganic acid, 0.5 to 2.5% by
weight of an organic corrosion inhibitor and at least
0.001% by weight of a cationic surfactant.

17. A composition according to claim 14 in which
20 the concentration of hydrogen peroxide is in the range
1 to 4% by weight.

18. A composition according to claim 16 or 17 in
which the surfactant is a quaternary ammonium
25 surfactant, preferably an ethoxylated fatty amine,
more preferably selected from isodecyloxypropyl
dihydroxyethyl methyl ammonium chloride and
isotridecyloxypropyl_dihYdorxyethyl methyl ammonium
_ chloride and in which the surfactant is present in the
30 composition in an amount of from 0.005% by weight to
5% by weight. _ : -

19. A composition according to any of claims 16
to 18 in which corrosion inhibitor comprises a -

35 triazole, tetrazole and/or imidazole in a
________ﬁ_____‘__~____ _
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werds o adbad

B T T B et

% " least an I nsul ati ng Iayer :in whichathe nmetal zsurface. © which is

tseated js a conducting Iayér o o ~J: A5, ¢A p[ocgss acpordlng to claim

1121 i n""whi ch, after the atheS| c)n prom)tlon step, a.pre-p ET'HAS BEEﬂ
10  placed di fwe conduct| ng | ayer and $1 CED

| ayers adhered to one another in the adh step, forning R —_

rom1%to 50% by weicght- of ah i norgam o acid, fromO0.5%to 2.5% by
, i ght of any organic corrosion inhibitor, fromO0.001%to 5% by
wei ght of a cohdtientirat ion LACtAB! rafpki epabl yoosst 8bi losivryg agent 20
for t he hydrogenyp%ﬁ érde and the bal ance water. 17. A
iconmposi tion acco & o claim114 in which t he concentration of
thydrogen peroxide is in the range 1 to 4% by weight. 25
i18. A conposition accgidin ct ant
_ 90C! N4 EBmgbé?’E‘iéﬁ Q&cé@d H?a%? )‘ﬁ’% {Oxyl = JB

IS a quaternary anmoni um actant, atty
ani ne, 5 nnréspﬁeféPaHP}cgeFQEPEHSPFoﬂlFSBHE&?F%Ry%?% drggen

di hydr oxyet hyl ngbgbklagnnnlun1chlor|de and i sotridecyl oxypropyl

idi hydr oxyet hyl nethyl - amoni um chloride and in which the surfactant
lis present in the conposition in an anount of from 0.005% by wei ght
ito 21. A composition according to claim 20 in which

the stabiliser is selected from sulphonic acid,
10 alcohols, aliphatic amines and their salts, alkoxy
amines, aliphatic acid amines and aliphatic imines.

T A 5 it on i (o Copaeon

22. A composition according to claim 20 to 21 in
which the acid is sulphuric acid.

15
23. Copper having a micro-roughened surface
which is obtainable by the process as claimed in any.
one of claims 1 to 15 and which has an appearance
under a 1000 times magnification substantially as

20 illustrated in Figure 3 of the accompanying drawings.

-
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- 21 ‘ 19. A conposition according to any of claiml6 to 18 in
whi ch corrosion inhibitor conprises a triazole, tetrazole and/or

i mdazole. 5 20. A conposition according to g I

16 to 19 which conprises a stabiliser for hydrogen tl?unﬁe éﬂdeect a’l%/ga
21. A conposition accordi ng to claim?20 in which 10 the

sel ected from sul phonic acid, al cohol's, aliphatic am REELA@ERW SHEET |

salts, al ko>n“|“| “ll“ “I““m“ |m| i phatic acid pgines and alipfpafTrcTmrTES:

2 2 MAY 1998

‘CLAIMS
1. A process of forming a micro-roughened
~ conversion coatsd copper or copper alley surface,

s which process comprises contacting the copper or
copper alloy surface with an agueous adhesion
promotion composition consisting of from 0.1% to 20%
by weight hydrogen peroxide, frem 1t to 50% by weight

' of an inorganic acid, from 0.0001% to 20% by weight of
" 10 an inorganic corrosion inhibitor, from 0.001% to S% by
weight of a caticnic surfactant, optionally a

stabilising agent for the hydrcgen peroxide and the
balance water,

15 2. A process according t¢ c¢laim 1 in which the
copper is a drum side treated copper foil.

3. A process according to claim 1 or claim 2 in
which hydrogen peroxide is present in the adhesion
20 promction composition at a concentration of 1.0% to
4.0% by weight hydrogen percxide.

4. A process according to any preceding claim
in which the inorganic aci@ is phosphoric acid, nitric
25 acid, sulphuric acid, or mixtures thereof, preferably
sulphuric aeid.

S. A process according to any preceding claim
in which the concentration of acid in the composition
30 is in the range from 9 to 20% by weight.

§. A process according to any praceding claim
in which the corrosion inhibitor is a triazole,
tetrazole and/or imidazole, preferably a triazole,

3s most preferably a benzotriazole.



22. A conpposition according to claim20 to 21 in 15 which the acid is

sul phuari.c aci d. " 23. Copper having a mcro-roughened conversion
coat éd surface in which the surface coating conprises a conpl ex of
copper with a corrosion inhibitor which 20 is obta&jatGelshddie pgmggs
as claimed in any one of clains 1 to 15. RSP
REPLACED PnncgnLLailon in the range of O

i ght si tsigon according to hny oné of

e s | mnnm i AN S

7. A process according to any preceding clainm
in which the corrosion inhibitor is present in the
adhesion promotion composition in an amocunt of from

5 0.0005% to 20% by weight.

8. A process according to any preceding claim
in which the surtactant is a guaternary ammonium
surfactant.

10 .
9. A process according to claim 8 in which the

quaternary ammonium surfactant is an ethoxylated fatty

amine, preferably selected from isodecylexypropyl

dihydroxyethyl methyl ammonium chleride and

15 isotridecyloxypropyl dihydroxyethyl methyl ammenium
chloride.

10. A process according to any preceding clainm
in which the surfactant is present in the campositxon
20 in an ancunt of from 0.5% to S% by weight. -

11. A process according to any preceding claim
which is carried out at a temperature of up to 75°C.

2s 12. A process according to any preceding claim
irt which the contact time is in the range 10s to 10
ninutes.,

13. A process according to any preceding claim
30 in which a polymeric material is adhered tc the micro~
roughened conversion coated surface, immediately after
the adhesive promation step with an opticnal,
intermediate single rinse and/or drying step.

3s 14. A process according to any preceding claim



21. A conposition according to claim20 in which e
st abi,liser is selected fron1su|phon|c acid, 10 al cohol s, BEPE&GEME%HTSHEET

am nes and their ~am nes, aliphaf i acl d am nes

and aliphatic im n _ 22. A comapi<titare| &4 ' A983
claim20 to 21 in Mw{’ ’"!M ‘the acid is sulphuric aci&?ﬁ'ﬁ'm 8.
23. Copper having a surf gge whi ¢S

obt ai nabl e by the process as’ cPalned i n any ong of clains 1 to |
15 and whi ch has an appearance = - under a 1000 times
magni fication substantially as 20 illustrated in Figure 3 of the

acconpanyli ng dr%%hﬂgf:1‘ for forming a multi-layer PCB comprising an

inner layer and an outer layer, the inner layer
comprising at least one insulating layer and at least
one conducting layer and the outer layer comprising at
] least an insulating layer, in which the metal surface
. which is treated is a conducting layer.

15. A process according to claim 14 in which,
after the adhesion promotion step, a pre-preg layer is
10 placed directly adjacent to the conducting layer and
the two layers adhered to one ancther in the adhesion
step, térning a multi-layer PCB.

16. An aguecus adhesion prcomotion composition
1s consisting of from 0.1% to 20.0% by weight hydrogen
peroxide, from 1% to 503 by weight of an inorganic
acid, from 0.5% to 2.5% by weight of any organic
corrosion inhibitor, from 0.001% to 5% by weight of a
cationic surfactant, optionally a stabilising agent
20 for the hydrogen peroxide and the balance water.

17. A composition according to claim 14 in which
the concentratiocn of hydrogen peroxide is in the range
1 to 4% by weight.

25

18. A composition according teo claim 16 or 17 in
which the surfactant is a quaternary ammonium
surfactant, preferably an ethoxylated fatty amine,
more preferably selected from isodecyloxypropyl '

30 dihydroxyethyl methyl ammonium chloride and
isotridecyloxypropyl dihydroxyethyl methyl ammoniun
chloride and in which the suxrfactant is present in the
composition in an amount of from 0.005% by weight to
5% by weight.

35
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19. A composition according to any of claim 16
toe 18 in which correosion inhibitor comprises a
triazole, tetrazole and/or imidazole.

20. A composition according to any one of clainms
16 to 19 which comprises a stabiliser for hydrogen

peroxide.

21. A composition according to claim 20 in which
the stabiliser is selectad from sulphonic acid,
alcchols, aliphatic amines and their salts, alkoxy
amines, aliphatic acid amines and aliphatic imines.

22. A composition according to claim 20 to 22 in
which the acid is sulphuric acid. '

23. Copper having a micro-roughened conversion
coated surface in which the surface coating comprises
a complex of copper with a corrosion inhibitor which
is obtainable by the process as claimed in any one of
claims 1 to 15. o



