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"166166"  [000'1] The invention relates to an acidic treatment liquid and
to a method of treating copper surfaces; especially of  forming copper
surfaces on printed circuit boards, the copper surfaces being suitable for
the subsequent coating with  plating resists, Bich resists; solder masks
and other dielectric films and further to copper substrates leaving
roughened  surfaces. [0002] In the manufacture of printed circuit boards
copper surfaces are coated with various organic films; such as  for example
etch resists, placing resists; solder masks and other dielectric materials.
These films can be applied to the  board surfaces as a liquid or as a dry
film resist. In any case good adhesion of the film to be applied to the
surfaces is  necessary. In some cases the film shall remain permanently on
the surfaces after it has been applied thereto; for  example in the case of
a solder mask. In this case a tight bond to the copper surlaces is required
since t he mask shall  protect certain areas of the copper surfaces prior
to a contact with molten solder during the soldering process or prior  to a
treatment with. corrosive chemicals which come into contact with the
uncoated areas: before. metal layers are  deposited for example. In other
cases the film shall remain. on the copper surlaces only temporarily, for
example ii an  etch resist is used. Good adhesion is required in this case
too because these resists shall protect certain areas of tl.e  copper
surfaces against an attack from corrosive chemicals which serve to remove
copper areas being exposed by  etching. Alter the resist has been etched it
is removed again. Both in the cases in which the film permanently remains
on the copper surfaces and in the cases in which ii is deposited merely
temporarily good adhesion of the organic film  is required in order to
prevent etching oft or slaking thereof from the surfaces. [0003] A common
method of improving adhesion of an organic film on a smooth copper surface
consists in roughening  the surfaces. This may either be carried out by
mechanical means, for example by grinding or by treatment of the  surface
with a slurry of pumice in water. The surlaces may as well be roughened by
chemical means, for example by  microetching with solutions of persulfates
or. with solutions at hydrogen peroxide and sutiuric acid. [0004] The
abovementioned roughening methods have proven problematical in that the
organic films do not have  sufficient adhesion to the copper surlaces ii
they are deposited to the copper surfaces of very narrow conductor lines
and to extremely line solder pads or bond pads. [0005] In order to solve
this problem a method o1 microetching of copper surfaces is described in
US-A-5,807,493;  the method comprising bringing an etching composition into
contact wish the copper surfaces. The etching composition  contains
copper(II) ions, an organic acid having a dissociation constant (pKa} of at
most 5, especially certain carboxylic  acids, such as for example formic
acid, acetic acid or propionic acid, a halide ion source, such as for
example hydrochloric acid, hydrobromic acid and the alkali salts thereof,
as well as water. If this etching composition is used a considerable part
of the copper layers are to be removed from the printed circuit boards in
order to guarantee sufficient  adhesion. For example typically 15 to 18 %
(corresponds to 2.5  3 microns) are removed by etching from a 17 microns
thick copper layer. [0006] An aqueous microetching solution for copper and
copper alloys is disclosed in EP 0 890 660 A7 ,the solution  containing 1 -
50 % by weight sulfuric acid, 0.7 - 20 % by weight hydrogen peroxide and
0.0001 - 3 % by weight tetrazole  or the derivatives thereof. [0007] A
method o1 manufacturing a printed circuit board substrate coated wish thin
copper layers is described in  US-A-4,97 7,758, the method comprising
etching the copper layers with a solution containing hydrogen peroxide, sul
folic acid and~copper(II) chloride. The etching method is designed
such,that 0.01 =~0.3 micronsc~op~er..-ary:~rem~,.ved.  per second. In total
20 - 90 % of the layer is removed by etching. Thereafter the copper layers
are post-treated with a  solution containing benzotriazole for example.
[0008] A liquid etching means is described in DE 199 26 117 Al the means
containing halides as well as tetrazoles  and/or triazoles in addition io
hydrogen peroxide or any other peroxide as well as sulfuric acid,
phosphoric acid orany  other inorganic acid. The copper surlaces etched
with this etching means are dark, especially brown. In further processing
of the printed circuit boards treated in this manner this leads to a
reduction of contrast in color between copper and  the epoxy resin
substrate, visual alignment of a photomask on the conductor line pattern
being rendered very difficult  ii the alignment marks are formed by the
copper surface. An etching means is also disclosed in DE 197 32 47 9 Al
this  means however containing no tetrazole but instead benzotriazole as an
auxiliary component. [0009] Furthermore a method of treating metal
surlaces, especially copper surlaces, for enhancing adhesion of the  copper
surlaces 1o epoxy resin composite materials: especially so-called prepregs,
i.e. epoxy resin being reinforced  by glass fiber mats; is disclosed in
US-A5,800;859. The composition used for this treatment contains 0.1 - 20 %
by  weight hydrogen peroxide, an inorganic acid; especially phosphoric
acid, nitric acid; sutiuric acid on the mixtures thereof,  a corrosion
inhibitor, especially a triazole; tetrazole or imidazole; and a wetting
agent; especially a cationic wetting  agent. Copper is dissolved by the
action of the composition on the copper surlaces. According to US-A-5,800;
859 the  copper dissolved reacts with the inhibitor components and corms a
film on the copper surfaces. [0010] A method of treating metal surlaces,
especially copper surlaces, is disclosed in WO 96/19097 A1, the method
comprising bringing the metal surlaces info contact with a composition
containing' 0.1 - 20 % by weight hydrogen 



"G00001"  06 JAN 205 Acidic Treatment Liquid and Method of Treating Copper
Surfaces prescription [000'1) The invention relates to an acidic treatment
liquid and to a method of treating copper surfaces; especial)}! of  forming
copper surfaces on printed circuit boards, the copper surfaces being
suitable for the subsequent coating with 5 plating resists, etch resists:
solder rnasks and other dielectric films and further to copper substrates
leaving roughened  surfaces. [0002) In the manufacture of printed circuit
boards copper surfaces are coated with various organic films; such as  for'
example etch resists, placing resists. solder' masks and other dielectric
materials. These films can be applied to the  board surfaces as a liquid
or' as a dry film resist. In any case good adhesion of the film to be
applied to the surf aces is 7o necessary. In some cases the film shall
remain permanently on the surfaces alter it has been applied thereto; for
example in the case of a solder mask. In this case a tight bond to the
copper surfaces is required since the mask shall  protect certain areas of
the copper surfaces prior to a contact with molten solder during the
soldering process or prior  to a treatment with corrosive chemicals which
come into contact with the uncoated areas, before. metal layers are
deposited for Example. In other cases the film~shell remain. on the copper
surfaces only temporarily, for example i1 an 75 etch resisf is used. Good
adhesion is required in this case too because these resists shall protect
certain areas of the  copper surfaces against an attack from corrosive
chemicals which serve to remove copper areas being exposed b}!  etching.
After the resist has been etched if is removed again. Both in the cases in
which the film permanently remains  on the copper surfaces and in the cases
in which ii is deposited merely temporarily good adhesion of the organic
film  1 is required in order to prevent etching off or flaking thereof from
the surfaces. 20 [0003] A common method of improving adhesion of an organic
film on a smooth coppersurlace consists in roughening  the surfaces. This
may either be carried out by mechanical means, for example b)+ grinding or
by treatment of the  surface wish a slurry of pumice in wafer. The surfaces
may as well be roughened b)+ chemical means, for example by  microetching
with solutions o1 persulfates or. with solutions. ai hydrogen peroxide and
sulfuric acid. [0004] The aforementioned roughening methods have proven
problematical in Thai the organic films do not have  25 sufficient adhesion
to the copper surfaces if they are deposited io the copper surfaces of very
narrow conductor lines  and to extremely fine snider pads or bond pads.
[0005] In order to solve this problem a method of microetching of copper
surfaces is described in US-A-5,807,93;  the method comprising bringing an
etching composition into contact with the copper surfaces. The etching
composition  contains copper(I I) ions, an organic acid having a
dissociation constant (pKo) of at most 5, especially! certain carboxylic 30
acids; such as for example formic acid, acetic acid or propionic acid, a
halide ion source, such as for exarmple hydrochloric acid, hydrobromic acid
and the alkali salts thereof, as well as wafer. li this etching composition
is used a considerable part of the copper layers are to be removed from the
printed circuit boards in order to guarantee sufficient  adhesion. For
example typically'15 to 18 % (corresponds to 2.5 - 3 microns) are removed
by etching from a 17 microns  thick copper layer. 35 [OOOfi) An aqueous
microetching solution for copper and copper alloys is disclosed in EP 0 890
660 Al ,the solution  containing 1 - 50 % by weight sulfuric acid, 0.1 - 20
% b)+weight hydrogen peroxide and 0.0001 - 3 % b)+ weight tetrazole  or the
derivatives thereof. ~ [0007] A method o1 manufacturing a printed circuit
board substrate coated with thin copper layers is described in  ' US-A-4,91
7,758, the method comprising etching the copper layers wish a solution
containing hydrogen peroxide, suly~'.. 'furic acid arr+~-copper(II)
chloride. The etching method is designed such~hat 0.01 - 0.3 microns
copper.are~,~removed. per second, In total 20 - 90 % of the layer is
removed by etching. Thereafter the copper layers are post treated with a
solution containing benzotriazole for example. [0008] A liquid etching
means is described in DE 199 26 117 Af the means containing halides as well
as tetrazoles  and/or triazoles in addition io hydrogen peroxide or an}!
other peroxide as well as sulfuric acid; phosphoric acid or any  45 other
inorganic acid. The copper surfaces etched with this etching means are
dark, especially brown. In  further process ing of the printed circuit
boards treated in this manner this leads to a reduction of contrast in
color between copper and  the epoxy resin substrate; visual alignment of a
photomask on the conductor line pattern being rendered very difficult  ii
the alignment marks are formed by the copper surface. An etching means is
also disclosed in DE 197 32 419 Al this  means however containing no
tetrazole but instead benzotriazole as an auxiliary component. 50 [0009]
Furthermore a method of treating metal surfaces, especially copper
surfaces, for enhancing adhesion of the  copper surfaces to epoxy resin
composite materials, especial)}! so-called prepregs, i.e. epoxy! resin
being reinforced  b)+ glass fiber mats; is disclosed in US-A~,800;B59. The
composition used for this treatrnent contains 0.1 - 20 % b}!  weight
hydrogen peroxide, an inorganic acid; especially+phosphoric acid, nitric
acid; sulfuric acid or the mixtures thereof,  a corrosion inhibitor:
especially a triazole; tetrazole or imidazole; and a welling agent,
especially! a cationic wetting 5s agent. Copper is dissolved by the action
of the composition on the copper surfaces. According to US-A5;800;859ihe
copper' dissolved reacts with the inhibitor components and forms a film on
the copper surfaces. [00'10] A method of treating metal surfaces,
especially! copper surfaces, is disclosed in WO 96/19097 At ,the method
comprising bringing the metal surfaces into contact with a composition
containing 0.1 - 20 % b)+ ~n~eight hydrogen 



1  06 JAN 2005 peroxide, an inorganic acid, especially phosphoric acid;
nitric acid: sulfuric acid or a mixture of these acids. as well as  an
organic corrosion inhibitor, especially a triazole; tetrazole and/or'
imidazole. [0011] A solution and a method of pretreating copper surfaces
for subsequently forming an adherent bond between  the copper surfaces and
plastics substrates is described in DE '198 30 038 At .The solution used
for carrying out this  5 method contains hydrogen peroxide; at least one
acid, especially sulfuric acid: at least one nitrogen containing hete
recyclic compound: especiallytriazoles, ietrazoles; imidazoles, pyrazoles
and purines, as well as at least one adhesionpromoting compound. Sulfinic
acids, selenic acids and telluric acids, heterocyclic compounds, having at
least one  sulfur; selenium or tellurium atom in the heterocycle; as well
as sulfonium, selenonium and telluronium salts have been  proposed as the
adhesion-promoting compounds. Above all thiophenes, thiazoles,
isothiazoles, ihiadiazoles and ihi  ro atriazoles are a possibility as the
heterocyclic adhesion-promoting compounds. [0012] A rnethod of pretreating
copper surfaces for the subsequent formation of a tight bond between the
copper  surfaces and plastics substrates is described in DE 198 30 037 A1,
the method comprising bringing the copper surfaces  info contact first with
a solution containing the components contained in the solution according to
DE t 98 30 038 A7 'with the exception o1 the adhesion-promoting compounds:
Thereafter the copper surfaces are treated with a second  y5 solution
containing the adhesion promoting compounds. ~ ~ ti. [0013] On carrying out
the aforementioned methods it has been observed in part that problems arise
when the copper  surfaces, exposed again after organic films had been
applied thereto, are chemically treated, for example when tin,  silver,
nickel, gold or palladium are deposited in an electroless manner or when
organic protective layers are applied  priorto soldering. These problems in
part consist in that deposition of the metals mentioned could not be
achieved at  all and in part that just a very uneven deposition was formed,
and the problems arise if the copper surfaces have been  pretreated with
the etching means prior to applying the organic film. [0014) Using
conventional methods and treatment solutions ii is therefore not possible
to fulfill the following requirements simultaneously: 25 a. Sufficiently
high adhesion of the organic film also on very narrow conductor lines and
extremely line solder pads  and bend films upon mechanical, chemical and/or
thermal strain. b. Very small etching off of copper from the surfaces, for
example by 10 % or less, i.e. bar 7.7 micrometer from a  copper coil having
a thickness of 17 micrometer. Such small etching off of copper is required
to be able to manusc facture impedance-controlled printed circuit boards.
c. Further processing of the copper areas not coated by the organic film
using further chemical methods without  any difficulties, for example ii
metal layers are deposited or other protective layers are applied. d. Light
copper color of the copper surfaces priorto applying the organic film. s5
[0015] The problem underlying the present invention therefore comprises
avoiding the disadvantages mentioned of  the conventional solutions and
methods. [0016] According to a first aspect the present invention comprises
a novel acidic liquid for treating copper surfaces.  [0017] According to
another aspect the present invention comprises a novel method of treating
copper surfaces.  [0018] According to a further aspect the present
invention relates to the use of the novel treatment liquid for forming ~QO
copper surfaces on printed circuit boards, the copper surfaces being~
suitable for the subsequent coating~with plating  resists, etcfl resists,
solder masks and other dielectric films. ~  [0019] According to still
another aspect the present invention comprises copper substrates having
roughened sur  faces with two structural dimensions. [0020] The method
according to the present invention serves to treat copper surfaces,
especially on printed circuit  45 boards. The acidic treatment liquid
preferably serves io form copper surfaces on printed circuit boards, the
copper  surfaces being suitable for the subsequent coaling with plating
resists, etch resists, solder masks and other dielectric  films. The acidic
treatment liquid according io the present invention, preferably being
aqueous, contains a. hydrogen peroxide and 5o b. at least one live-membered
heterocyclic compound. [0021] The acidic treatment liquid according to the
present invention additionally contains  c. at least one microstructure
modifying agent; selected from the group comprising organic thioles having
the  55 general formula 2  



06 JAN 2005 5 yo r5 organic disulfides preferably leaving the general
formula R ~ / S~ 2 s R organic sulfides preferably having the general
formula R~~ S~R2 25 and thioamides preferably having the general formula vC
!I ~'~`~ R3' ~NH2 E], 3r7 wherein R~ and R2 =alkyl, alkenyl, aryl, aralkyl,
especially benz)+I; cycloalkyl and the derivatives thereof, wherein R~ and
R2  may be identical or different, R3 = R~, R~-O, R7-S, amino or
substituted amino, wherein R7 and R2 may be phen)+I or substituted phenyl.
[0022] Alkyl is preierabl)+ C7  C2D alkyl, more preferably Cy - C70 alkyl
and most preferably C~ - C6 alkyl, i.e. methyl,  35 ethyl, propyl, butyl,
pent)+I and hexyl as being most preferred, wherein all isomers are
included, i.e. n-propyl, iso-propyl,  n-butyl, iso-butyl, iert-butyl,
n-pentyl, iso-peni)+I, tent-pentyl, neo-pentyl etc. This definition is also
to be applied to alkyl  groups in definitions given hereinafter. [0023]
Derivatives of the alkyl groups are preferably hydroxylated'alk)+I groups.
Examples of the hydroxylated alkyl  ~ groups are 'I-hydroxyethyl,
2-hydroxyethyl, 1-hydroxypropyl, 2-hydroxypropyl, 3-hydroxypropyl,
t,2-dihydroxyeth)+l,  'QO, 7,2-dihydroxypropyl, 1.,3:dih)+droxypropyl.,
2,3-dihyd[oxy_prop)+I., t,?-,,3-trih~+ciroxypropyl etc..This definition is
also to be  ' applied to hydroxy groups in deiiniiiorrs given hereinafter.
Derivatives of the alkyl groups may also be the all<oxyfsted alkyl groups,
such as e.g. 1-methoxyethyl, 2-methoxyethyl, 1-methox)+propyl,
2-methox)+propyl, 3-methoxyprop)+I,  7 ;2-dimethoxyethyl,
1,2-dimethoxypropyl, 7 ,3-dimethoxypropyl; 2,3-dimethoxypropyl, t
,2,3-trirreihox)+propyl etc. as  well as the corresponding ethoxy and
propoxy analogues. This definition is also to be applied io alkoxy groups
in 45 definitions given hereinafter. Derivatives of the alkyl groups may
also be the corresponding c)+ano compounds, nitro  compounds, amido
compounds, sulfinyl compounds, sulionyl compounds and sulionyl amido
compounds. [0024] Aryl is preferably phenyl, naphihyl, anthracenyl and
phenanthryl and moss preferably phenyl. Derivatives of  the aryl groups are
preferably alkyl derivatives, i.e. mono-, di and ire-substituted alkyl
derivatives, the definition of the  alkyl groups as given above, furher
derivatives with preferably one, two or three hydroxy groups, the
definition of the 5o hydroxy derivatives as given above, further
derivatives wish preferably one; two or three alkoxy groups, the deiinilion
of the alkoxy groups as given above, further with preferably one, two or
three nitro groups as well as derivatives in  which more than one type of
substituents given above are bonded to the aryl groups; i.e. alkyl groups
together with  hydroxy groups and/or alkoxy groups and/or nitro groups or
hydroxy groups together ~a+ith alkoxy groups and/or nitro  groups or
alkoxyl groups together with nitro groups and further the corresponding
cyano compounds, nitro compounds, 



55 amido compounds; sulfinyl compounds; sulfonyI compounds and sulionyl
amido compounds. The rbspeciive substituents may be in any of the positions
in the aryl skeleton, e.g. in 2-: 3-; 4-, 5- and 6-position of a phenyl
ring; ii the  phenyl ring is bonded to the sulfur atom in t-position.
[0025] Arallc)+I is an,ar)+I group bonded to an alkylen group; the aralkyl
group in this case being bonded to the :~uliur 3  06 JAN 2005 atom via the
allcylene group; or an alkyl group bonded to an aralkyl group; the
aralkylen group in this case being bonded  to the sulfur atom via the
arylen group. The alkyl group is defined as given above and the all<}+len
group has the  corresponding meaning; e.g. n-propyl corresponds to
n-propylene. The aryl group is defined as given above as well  and the
arylene group has the corresponding meaning; e.g, phenyl corresponds to
phenylene. Derivatives of the aralkyl 5 groups are preierably compounds
which comprise derivatives of the alkyl or alkylene groups, respectivel}+,
as given  above; the respective substituents being bonded to the alkyl or
alkylene group. respectivel}+, and/or'to the aryl or arylene  group;
respectively. [0026] Cycloalkyl is preierably a Ca - C~ cycloalkyl group,
i.e. a cyclopropyl, cyclobutyl, cyclopentyl, c)+clohe>cyl or  cycloheptyI
group, and most preferably a cyclohexyl group. Derivatives of the
cycloalkyl groups are preferably alkyl  7o derivatives, i.e. mono-, di- and
tri-substituted alkyl derivatives, the definition of the alkyl groups being
as given above; further derivatives with preferably one; two or three
hydroxy groups, the definition of the hydroxy groups being as given  above,
further derivatives with preierably one, two or three allcoxy groups, the
definition of the alkoxy groups being as  given above, further with
preferably one, two or three nitro groups and further the corresponding
cyano cornpounds,  amido cornpounds, sulfinyI cornpounds, sulfonyl
compounds and sulfonyl amido compounds. There are also comprised 75
derivatives in which more than one type of substituents as given above are
bonded to the cycloalkyl groups, e.g. alkyl groups together with hydroxy
groups and/or alkoxy groups and/or nitro groups or hydroxy groups together
with alkoxy  groups and/or nitro groups or allcoxy groups together with
nitro groups. The respective substituents may be in an)~ of  the positions
in the cycloalkyl skeleton, e.g. in 2, 3, 4-, 5- and 6-position of a
cyclohexyl ring, ii the cyclohexyl ring is  bonded to the sulfur atom in f
-position. [0027] Rt and R2 preierably contain one or more functional
groups mediating the solubility of the microstructure  modifying agent in
an aqueous solution, for example a group selected from the group comprising
amino, carboxy  (COON) and sulio (S03H) and the protonated (NH3+, NRHp+,
NRR'H+) or deprotonated derivatives thereof (COO',  S03 ), respectively.
The amino group may be any of an unsubstituted (NH2), mono- (NHR, wherein R
is preierably  alkyl as defined above) or disubstituted amino group (NRR',
wherein R and R' ere preferably alkyl as defined above 25 and are selected
independently). The position of the iunciional groups in R~ and R2 may be
any. These functional  groups may be contained in R1 and R2 in addition to
the substituents as given above. [0028] As tar as R3 is substituted amino
this moiety preierably comprises groups such as e.g. alkyl and dialkyl
amino  groups, alkyl being defined as above. [0029] As tar as R3 is
substituted phenyl this moiety preierably comprises groups in which phenyl
is substituted with  30 one, two or three alkyl groups, the alkyl groups
being defined as above, further groups in which phenyl is substituted  with
one, two or three hydroxy groups as defined above, further groups in which
phenyl is substituted with orie, two or  three alkoxy groups as defined
above, further groups in which phenyl is substituted with one, t~vo or
three nitro groups  as well as groups in which phenyl is substituted wish
more than one type of subsiituents as given above as well as  groups in
which phenyl is substituted with cyano, nitro, amido, sulfinyl, sulfonyl
and/or sulfonyl amido moieties. 35 [0030] The five-membered heterocyclic
compounds are preferably selected from the group comprising ietrazoles  and
the derivatives thereof, especially preferred comprising 5-aminoteirazole
and 5-phenyltetrazole. [003'1] The microstructure modifying agents are
preierably selected from the group comprising L-cysteine, DLcysteine,
2-aminoethanethiol (cysteamine), rnercaptoacetic acid (thioglycolic acid),
3-mercaptopropionic acid; 2-rnercapioethanesulfonic acid and
3-mercaptopropanesulfonic acid as thioles (type A compounds), further
L-cysiine, DL ~4o cysiine, D-cystine and bis-(2-aminoethyl) disulfide
(cystamine), dithiodiacetic acid, 3,3'-dithiodipropionic acid,
4.4'-dithiodibutyric acid, 3,S'-dithio-bis-(propanasulior~ic acid) as
disulfides (type El compounds); further thiodiecetio acid;
-3,3'ihiodipropionic acid and 3,3'-thio-bis-(propanesulionic acid) as
sulfides (type C compounds) as well as thiourea and  thiobenzamide as
thioamides (type D cornpounds) as well as the salts of the aforementioned
compounds as tar as  these compounds are acids and amines. 45 [0032] In
general in addition to the components mentioned the acidic treatment liquid
according to the present invention contains an acid. The liquid preferably
contains an inorganic acid, especially sulfuric acid. li may also contain
any other acid. [0033) The method according to the present invention is
simple and cheap and may be easily carried out. The method  is carried out
by means o1 galvanochemical methods after the copper structures on printed
circuit boards have been  50 formed by bringing the copper surfaces into
contact with the treatment liquid. An additional cleaning step priorto
carrying out the method according to the invention may be performed in
order to remove impurities from the copper surfaces  and in order to
guarantee even treatment. [0034) The problems encountered if conventional
means are used can be eliminated ii the treatment liquid according  to the
present invention is used. Especially the adhesion of organic films being
subsequently applied to the copper  55 surfaces may be improved. For this
purpose a small etching oil of copper is required only, the copper
thickness therefore varying only in a narrow range after the etching
process has been carried out. For this reason impedance-controlled  printed
circuit boards may be manufactured. Furthermore the light color of copper
is conserved during the treatment  Therefore problems encountered during
alignment 01 a photomasks on the conductor.line pattern do not occur. Disad
A  



06 JAN 2005 vantageous effects due io further processing of the copper
surfaces exposed after the organic film has been removed:  for example due
to electroless plating of tin; silver, nickel; gold or palladium or due to
depositing organic protective  coatings prior to soldering, have not been
observed. [0035] It has proven that a high adhesion of the organic films to
the copper surfaces can be achieved even after a  5 small etching oft of
copper ii a certain copper structure is formed during fife etching method.
Ii fife conventional mechemical roughening techniques of grinding or
pumicing as well as ii conventional chemical etching methods using
solutions, simply containing hydrogen peroxide and sulfuric acid, are
applied. surface structures on the copper surfaces  are formed due to
roughening which are too large or too even, so that adhesion of very narrow
conductor lines and  extremely fine solder pads and bond pads is not
sufficiently high to exclude lifting off or flatting o1 the film due to 7o
mechanical, chemical or thermal strain. Verb tine microstructures are
formed on the copper surfaces ii the etching  means according to the
present invention is used; the microstructures guaranteeing high adhesion.
High adhesion  may in fact also be achieved ii a few of the aforementioned
chemical etching means is used which contain hydrogen  peroxide and an
inorganic acid. However, in general very rough surfaces are generated. For
exarnple.it has proven  `thaf'deep cracks (depth of 1'= 5
micrometer)`ar'eforriied in life copper surfaces in the methods described
in EP 0 890 `a ~ 660 A7 is applied On the contrary the structures on the
copper surfaces obtainable with the ~~netFrod according io the present
invention have two orders of irregularities having different structural
dimensions: On the one hand semicrystalline structures are formed which
-dependent on the crystallite size in the copper surfaces -have an average
size  in the range of from f - f 0 micrometer. Ii the copper surfaces would
exclusively have structural dimensions of this size  adhesion of the films
~roould not be sufficiently high on the surfaces. On the other hand pits
and dendritic structures are  generated due to the use of the
microstructure modifying agents according to the present invention the pits
and dendritic  structures having an average size in the range ollrom 50 -
500 nanometer and superponing the semicrysialline structures. The average
sizes of the t~vo types o1 irregularities are structure widths in the
copper surfaces that are averaged  over an area of f micrometer x f
micrometer (7 m2).~As the structure widths the widths of individual peaks
and valleys  are determined by evaluating SEM (Scanning Electron
Microscope) photographs. 25 [0036] Furthermore ii conventional methods are
used considerable etching off of copper takes place. In contrast  <r.~!~-c.
i' is~ ^: n -:.s~ - is ^;^ ~; . ... ~. ,... @:... .~ c ~.~ ~ C. ~. ^.rc
irinri .._~ !!~!iCrGfi!_tV'I' ::~f cLppe~, prefBr'aD!y not mprc fi'.an 1
.l) mIC!'QmeTOr if the method according to the present invention is applied
in order to guarantee sufficiently high adhesion of the organic  films to
the copper surfaces. This property of the treatment liquid according to the
present invention is of exceptional  importance ii electric circuits having
smaller and smaller size o1 the conductor lines as well as of the solder
pads and 3o bond pads are to be manufactured. Due to the minor etching off
of copper manufacture of impedence-controlled circuits  is made possible
for which conductor line cross-section must be be kept within a narrow
range of tolerance. [0037] Besides it has been observed Thai the copper
surfaces darken if any of a plurality~ of conventional chemical  etching
methods is applied so that safe alignment of a photomask with respect to
the conductor pattern is no longer  possible. 11 the treatment liquid
according to the present invention is used a rnat, light and copper-colored
copper 35 surface is formed. Alignment may therefore easily be carried out
since alignment is facilitated considerably due io the  high contrast
between the light copper surfaces and the substrate surface. [0038]
Subsequent chemical treatment of copper surfaces exposed again after
organic films had been applied thereio  is possible without loss of
production safety if the method according to the invention is used as
opposed to conventional  methods. li the conventional methods are used
problems encounter frequently, for example when tin, silver, nickel, Sao
gold or palladium are deposited in an electroless manner or when organic
protective coatings ark applied'prior to  soldering. These problems in part
consist in that deposition of the metals mentioned cannot be achieved at
all and in  part consist in that just very uneven deposition is achieved.
The problems further arise ii the copper surfaces are  pretreated with the
etching means prior to depositing the organic film. These problems may
possibly be ascribed to  the presence of triazoles. The reason of problems
arising if the exposed copper surfaces are chemically further proc 45 essed
is probably a thin layer of adsorbed triazoles or any other organic
compound on the treated copper surfaces ii  conventional etching means are
used. A Thin adsorption layer possibly formed due to application of the
method according to the present invention can however be removed easily by
means of alkaline or acidic cleaning solutions  usually used in printed
circuit board manufacturing processes. Because o1 that a subsequent
metallization rrrethod; for  example a method for electroless placing of
fin, silver or nickel/gold or a soldering method using a slightly acidic
fluxing  5o agent, may be carried out without any difficulties, [0039] The
copper surfaces are first cleaned prior to the treatment with the liquid
according to the present invention  in order to remove impurities from the
copper surface which could impair the treatment. All conventional cleaning
agents  can be used. Usually surface active agents and if possible also
complexing agents: such as for example triefhanolamine: are added to the
aqueous cleaning solutions in order io achieve an improved cleaning action.
55 [0040] After the copper surfaces have been rinsed they are tested with
the liquid according to the invention. The  microetching effect of the
liquid results frorn the combination of hydrogen peroxide and the acid. The
unique microstructure is obtainable due to the use of the tetrazole
compounds in combination with the microstructure modifying  agent by
modifying the microetching effect brought about sorely by the combination
o1 hydrogen peroxide and the acid, 5  0 6 .IAN 2005 [U04'I] Stabilization
of the hydrogen peroxide solution is achieved by addition of further
compounds,for example by  addition of lower alcohols, such as o1 1;
4-butanediol and 1-propanol, further by addition of
4-hydroxybenzenesulfonic  acid and 8-hydroxyquinoline. Therefore preferably
these compounds are contained in the liquid. [004?_] Further components of
the liquid according to the invention are further organic solvents, such~
as alcohols.  5 which may be included in order to raise the solubility of
the tetrazoles and of the microstructure modifying agents as  solubilizers.
Addiiionally further organic and inorganic components may be contained, for
example copper sulfate and  surfactants. [0043] The method according to the
present invention is preferably car'r'ied out a1 a temperature of from 20 -
60C.  The treatment time preferably amounts to 10 - 600 seconds. The higher
the temperature of the liquid during the etching  7o treatment the faster
is the etching reaction. Therefore in this case a shorter treatment time is
required ii a certain etching result is to be obtained. Due to technical
reasons an etching temperature in the range of from~ 30 - 40C is preferred
in order to keep the method easier controllable. In general a temperature
is set in the range of from 20 - 60 seconds.  [0044] 'The concentrations of
the main components of the liquid according to the present invention are as
follows: 75 



[0052] An aqueous solution according to the present invention was prepared
by mixing the following components: 1 - 100 g/L  10 - 250 g/L  0.1 - 20 g/L
0.01 - 10 g/L ~o [0045] The optimum concentrations of the components in the
liquid depend on the type of tetrazole compounds and  microstructure
modifying agents used. [0046] After having treated the copper surfaces with
the treatment liquid according to the present invention they are  rinsed,
preferably with warm ar~d deionized water. Thereafter' they are dried in an
appropriate manner, for example  25 wish hot air. X00471 It is also
possible to further treat the sur(ac? !?Binre rlr~+inrr h~+ exLOSir!C the
Ri!!'!o.^.^ ?^_ .^. !^ ~_.^.~~:r r.~ c!!~=!!^c  rinsing solution, which is
common in the industry+. Thereafter the surface is rinsed with water. - ~ ~
y ~ y  [0048] Attenn~ardsfhe organicfilm can be deposited tothe
coppersurfaces pretreated in the aforementioned manner.  [0049] The liquid
is prepared shortly before the application thereof in order io maximize tis
durability. For example 3o first a concentrated aqueous solution of
sulfuric acid, tetrazole compounds and microstructure modifying agents can
be prepared. This solution has a sutliciently long shelf life. Short before
the use thereof the solution is added to wafer  together with hydrogen
peroxide in an amount which is just sufficient io adjust the desired
individual concentrations.  [0050] The printed circuit boards can be
treated in conventional dipping bash containers. It is preferable howeverto
use conveyorized plants, the printed circuit boards being conveyed
therethrough in a horizontal direction and being 35 held in a horizontal or
vertical position or in any other orientation. In the plants the printed
circuit boards are brought  into contact with the treatment solutions by
conveying them through medium-isolated rooms the treatment solution  being
sprayed orswelledtothecoppersurfaces ortheprinted circuit boards
beingsubmersed inthetreatment solutions.  For example conveyorized plants
of tl~iis t)rpe are manufactured by Atotech Deutschland GmbH, DE, Feucht.
.. .  [005'1] The following examples serve to more detailedly explain the
invention~~  -"' ~-~  )  40  . ~ . "-' Ecample 1: 45 50 55 h;~drog~n
peroxide, 30 % by ~+eight  sulfuric acid, cone. tetrazole compounds
microstructure modifying agents sulfuric acid, 96 % by weight
hydrogen.peroxide, 35 %by weight  5aminotetrazole L-cystine Add up with
deionized water to 1 liter. 50 ml  35 ml  2g  0.1 g [0053] The solution was
heated to 35C. A printed circuit board, which had been plated by means of a
bright copper  bath (tor example CUPRACID(r)BL-CT; sulfuric acid copper
bath of Atotech Deutschland GmbH) preferably developped  for the
manufacture of printed circuit boards, was dipped into the solution
according to the invention for 60 seconds.  Atter treatment the copper
surfaces vrere rinsed with warm deionized water and then dried with hot
air. The copper  surface obtained was mat and had a light pink color. The
thickness of the copper layer etched ot1 by means of the  solution amounted
io 0.9 micrometer. The microstructure of the copper surface exhibited two
different structural (lateral)  dimensions; (1) On the one hand
semicrystalline structures v~+ere formed which had structures in the range
of from 2  - 5 micrometer. (2) On the other hand pits and dendrilic
structures wish a size of from 50 - 500 nanometer were formed. 6  0 6 JAN
2005 5 I 70 75 



p 25 30 35 45 50 55 the pits and dendritic structures superponing the
semicrystalline structures. [0054] The semicrystalline structures are shown
in fig. 1 at a magnification of about 2:000 (1 crr corresponds to 5
micrometer). The pits and dendritic structures are shown in fig. ?. a1 a
magnification of about 12:500 ('I cm corresponds  to 0.6 micrometer).
Example 2: [0055] An aqueous treatment solution according to the present
invention was prepared by mi>;ing the following components: sulfuric acid,
9G % by ~~~eight  hydrogen peroxide; 35 % Icy weight  5-aminoletrazole
thioherizamide Add up with deionized water to 1 liter.  - ~. 50 ml  35 ml
2g  0.05 g [0056] The solution was heated to 35C for carrying out the
method. A copper substrate which was prepared using  CUPRACID(r)BL-CT was
dipped into the solution for 50 seconds. Atter treatment the copper
surfaces were rinsed wish  warm deionized water and then dried with hot
air. The copper surface obtained was mat and had a light pink color. The
thickness of the copper layer etched off by means of the solution amounted
to 0.8 micrometer. The microstructure of  tl~e copper surface again
exhibited two different structural (lateral) dimensions; (f) On the one
hand semicrystalline  structures were formed which had a structural size in
the range of from 1 - 7 micrometer. (2) On the other hand pits  and
dendritic structures with a size of from 100 - 200 nanometer were formed,
the pits and dendritic structures superponing the semicrystalline
structures. ~ '  [0057] The semicrystalline structures are shown in fig. 3
at a magnification o1 about 2,000 (1 cm corresponds io 5  micrometerl the
pits and dendritic structures are shown in fig. 2 at a magnification of
about 12,500 (1 cm corresponds ~~~ to 0.8 micrometer) to 0.9 micrometer).
Example 3: [0058] An aqueous solution was prepared by mixing the following
components: sulfuric acid; 96 % by weight50 ml hydrogen peroxide, 35% b}~
weight35 ml 1 H- i ,2,3-triazolo [4,5-bJ pyridinef.5 g L-cysiine Add up
with deionized water- to 1 liter. 0.1 g [0059] The solution was heated to
35C for carrying out the method. A copper substrate which was prepared
using  CUPRACID(r)BL-CT was dipped into the solution for 50 seconds. After
treatment the copper surfaces were rinsed with  warm~deionized water and
than dried ;,pith hot air. The copper surface obtained was was mat and had
a pink color. The  thickness of the copper layer etched oft by means of the
solution amounted to 0.85 micrometer. The microstructure of  the copper
surface exhibited two different structural dimensions; (1) semicrystalline
structures were formed which had a structural size in the range of from 4 -
10 micrometer; (2) and deep pits wish a size of from 300 - 500 nanometer
were  lormed within the larger semicrystalline structures. 



Example 4: [0060] An aqueous solution was prepared by mixing the following
components: sulfuric acid; 96 % by weighs  hydrogen peroxide, 35% by weighs
5-aminotetrazole L-cysteine Add up with deionized water to 1 liter. 50 ml
35 m I  2g  0.2 g [0061] The solution was healed to 35C for carrying out
the method. A copper substrate which was prepared using  CUPRACID(r)BL-CT
was dipped info the solution for 50 seconds. Auer treatment the copper
surfaces were rinsed with  warm deionized water and then dried vvith hot
air. Tl~e copper surface ol~iained was mat and had a pink color. The 7  o ~
~a~ X005 thickness of the copper layer etched off bar means of the solution
amounted 10 0.85 rnicromeier. The microstructure of  the copper surface
exhibited two different structural dimensions; (1) semictystalline
structures v~~ere formed which had  a structural size in the range of from
2 - 5 micrometer; (2) and dendritic structures with a size of from 50 - 500
nanometer  were formed; superponing the larger semictystalline structures.
5 [0062) A 25 micrometer thick photo-sensitive film was applied to the
copper surface using standard processing parameters for the film. As a
comparison; the same film was applied to a similar copper substrate That
was treated with  a common persulfate etching solution (80 g/L potassium
persuliaie, 30 rnl/L sulluric acid; 35C, 60 seconds). The  adhesion of the
film was measured using a Romulus III Universal Tester manufactured by Ouad
Group. Ten measurements ~were taken for each substrate using studs with a
contact area of 5.7 tnm2. The average adhesion force o111~e 7o substrate
treated according to the described method vvas '193'1 N/cm2, whereas the
adhesion force measured on the  substrate created with persulfate ~was
'1034 IV/cm2. g   Claims '1. Acidic treatment liquid for the treatment o1
copper surfaces comprising  a. hydrogen peroxide and b. at least one
five~membered nitrogen containing heterocyclic compound  wherein c.
additionally at least one microstructure modifying agent is contained,
selected from the group comprising  organic thioles, organic sulfides,
organic disulfides and thioamides, the organic thioles having the following
general formula i~'i R~ wherein  R~ =alkyl, alkenyl, aryl, aralkyl,
cycloalkyl and the derivatives thereof. Treatment liquid according claim t
,wherein the organic disulfides have the general formula R~  ~S S~R2 the
organic sulfides have the general formula 



and the thioamides have the general formula B, C, 9  06 JAN 2005 5 wherein
Ri and R~ =alkyl; alkenyl, aryl: arallcyl, cycloalkyl and the derivatives
thereof, R3 = Rt, Rt-0, Rt-S; amino or substituted amino;wherein Rt and R2
may especially be phenyl or subsiituted  phenyl. 3. 'Treatment liquid
according to any of the preceding claims, wherein Rt and R2 contain a group
mediaiiny the sol  ubility of the microstructure modifying agent in an
aqueous solution. 4. Treatment liquid according to claim 3, wherein the
functional group mediating the solubility of the microstructure  70
modifying agent in an aqueous solution is selected from the group
comprising ar~nino, carboxy and sulfo. 75 5. Treatment liquid according to
any of the preceding claims; wherein the ai least one live-rrrernbered
heterocyclic  ~compound i=, selected from the group comprising tetrazole
and the derivatives thereof. F. Treatment liquid according io claim 5,
wherein the at least one five-membered heterocyclic compound is selected
from the group comprising 5-amine ~tetrazole and 5-phenylietrazole. 7.
Treatment liquid according to any of the preceding claims, wherein the at
least one microstructure modifying agent  is selected from the group
comprising L-cysteine, DL-cysteine, 2-aminoethanethiol, mercaptoacetic
acid. 3-mer 20 captopropionic acid, 2-mercaptoethanesulfonic acid,
3-mercaptopropanesulionic acid, L-cystine, DL-cystine, Dcystine,
bis-(2-aminoethyl) disulfide, dithiodiacetic acid, 3,3'-dithiodipropionic
acid; 4,4'-dithiodibutyric acid, 3,3'dithio-bis-(propanesulfonic acid),
thiodiacetic acid; 3,3'-thiodipropionic acid,
3,3'-thio-bis-(propanesulionic acid),  thiourea, thiobenzamide as well as
the salts thereof. 25 S. Treatment liquid according to any of the preceding
claims, wherein at least one an inorganic acid is contained. 9. A method of
treating copper surfaces comprising bringing into contact the copper
surfaces with an acidic treatment  liquid comprising 30 a. hydrogen
peroxide and b. at least one five-membered nitrogen containing heterocyclic
compound  wherein d. additionally at least one microstructure modifying
agent is contained, selected from the group comprising  organic ihioles,
organic sulfides, organic disulfides and thioamides, the organic thioles
having the following  35 general formula HS J a0 1 wherein  R7 =alkyl,
alkenyl, ar)~I: arallcyl, cycloalkyl and the derivatives thereof. 



45 50 55 t0. method according to claim 9, wherein the organic disulfides
have the general formula 1  R \ / g\ 2 S R the organic sulfides have the
general formula A, h~  o e .lar~ ~a~~ 5 70 and the thioamides have the
general formula (r), 75 R~ and R2 =alkyl, alkenyl, aryl, aralkyl,
cycloalkyl and the derivatives thereof, R3= R7, R~-O, R~-S, amino or
substituied amino, wherein R~ and R2 may especially be phenyl orsubstituted
phenyl. wherein 20 'if Use of the 'd'  a l t g ny o t 



e claims h to 8 forming copper surfaces on printed circuit  boards the co
er pp surfaces being suitable for the subsequent coating with plating
resists, etch resists, solder  masks and other dielectric films. f 2.
Copper substrates having roughened surfaces including irregularities with
two different structural dimensions, the  25 first one being
semicrystalline structures having am average in the range of from 1 to 10
micrometer and the second one having an average size in the range of 50 to
500 nanometer superponing the first structural   Dimension, the substrates
being formed by treating copper substrates comprising bringing into contact
the copper  substrate surfaces with an acidic treatment liquid comprising
3o a. hydrogen peroxide and b. at least one live-membered nitrogen
containing heterocyclic compound c, ai least one microstructure modifying
agent, selected from the group comprising organic thioles, organic
sulfides; organic disulfides and thioamides, 35 wherein the Organic thioles
have the following general formula HS A, 45 wherein R~ =alkyl, alkenyl;
aryl; aralkyl, cycloalkyl and the derivatives thereof. c Ic reatment Iiquid
according to a f h 1f 


