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Aqgueous composition for etching of copper and copper alloys

Field of the Invention

The invention relates to aqueous compositions for etching of copper and copper
alloys and a process for etching of copper and copper alloys in the manufacture
of printed circuit boards, IC substrates, copperised semiconductor wafers and
the like.

Background of the Invention

Circuit formation by etching of copper or copper alloy layers is a standard
manufacturing step in production of printed circuit boards, IC substrates and
related devices.

A negative pattern of the circuit is formed by a) applying an etch resist, e.g., a
polymeric dry film resist or a metal resist on a layer of copper, b) etching away
those portions of copper not covered by the etch resist and ¢) remove the etch

resist from the remaining copper circuit.

Etching solutions applied for this task are selected from different types of com-
positions such as mixtures of an oxidizing agent and an acid. Two main types of
etching solutions are based on an acid such as sulphuric acid or hydrochloric
acid and contain as the oxidizing agent either hydrogen peroxide or Fe** ions
added as FeCl;. Such etching solutions are disclosed in C. F. Coombs, Jr.,
“Printed Circuits Handbook”, 5" Ed. 2001, Chapter 33.4.3, pages 33.14 to 33.15
and Chapter 33.4.5, pages 33.17.
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The ongoing miniaturization of circuits in terms of line width / interline-space
values and thickness of the copper layers to be etched does not allow to using

conventional etching solutions such as the ones described above.

The disadvantage of known etching solutions is even more present if the copper
tracks are manufactured by a semi additive process (SAP). Here the bare die-
lectric substrate is first coated with a seed layer serving as an electrically con-
ductive layer. The seed layer comprises for example copper deposited by elec-
troless plating. Next, a patterned resist layer is formed on the seed layer and a
thicker, second copper layer is deposited by electroplating into the openings of
the patterned resist layer onto the seed layer. The patterned resist layer is
stripped and the seed layer in between copper tracks deposited by electroplat-
ing needs to be removed by a differential etch step. The seed layer deposited
by electroless plating has a finer grain structure than the second copper layer
deposited by electroplating. The different grain structures can lead to a different

etching behaviour of the individual copper layers.

A similar situation is present when copper tracks are manufactured by a modi-
fied semiadditive process (m-SAP) wherein a thick, second copper layer is de-
posited in the openings of the patterned resist layer onto a first thin layer of
copper. The first copper layer is manufactured, e.g. by thinning a copper clad
attached to the dielectric substrate. Again, both first and second copper layer
have a different grain structure.

The etching solution applied for the differential etching step should only remove
the first copper layer in between the copper tracks while not attacking the side-
walls and the top of the copper tracks deposited by electroplating and the un-

derlying first copper layer or copper seed layer.

Etching solutions based on sulfuric acid and hydrogen peroxide lead to an un-
desired undercutting of the first copper layer during etching (Fig. 1) which re-
sults in an insufficient adhesion of the copper layer on the dielectric substrate.
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Etching solutions based on sulfuric acid and Fe*" ions typically show an etching
behaviour as shown in Fig. 2. The broader base of the etched copper line can

lead to circuit shorts which are not acceptable.

Objective of the present Invention

Therefore, it is the first objective of the present invention to provide an aqueous
composition for etching of copper and copper alloys which results in the for-

mation of rectangular shaped copper features after etching.

It is a second objective of the present invention to remove Cu®* ions from said

aqueous composition.

Summary of the Invention

The first objective is solved by an aqueous composition for etching of copper
and copper alloys, the composition comprising Fe®* ions, at least one acid, at
least one triazole or tetrazole derivative, and at least one etching additive se-
lected from the group consisting of N-alkylated iminodipropionic acid and salts

thereof, modified polyglycol ethers and quaternary ureylene polymers.

A rectangular line shape of etched copper or copper alloy structures is achieved
when applying the aqueous composition of the present invention. Thereby, the
risk of circuit shorts between individual copper or copper alloy structures is min-
imized. Furthermore, a sufficient adhesion between the etched copper or cop-

per alloy structure and the underlying dielectric substrate is achieved.

The second objective of the present invention is solved by a process for etching
copper and copper alloys comprising, in this order, the steps of

a. providing a substrate having a copper or copper alloy surface,

b. contacting said substrate with the aqueous composition according

to the present invention in a first tank
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wherein during contacting copper is oxidized to Cu®* ions and the
Cu?* ions are disclosed in the aqueous composition according to

the present invention,

c. transferring a portion of the aqueous composition according to the
present invention after contacting with the substrate to a second
tank wherein said second tank comprises an anode and a cathode

and

d. reducing said Cu®* ions to copper by applying a current between
said anode and said cathode.

Brief Description of the Figures

Figure 1 shows two copper tracks obtained by etching with an aqueous compo-
sition consisting of sulfuric acid and hydrogen peroxide (comparative example).

Figure 2 shows a copper track obtained by etching with an aqueous composi-

tion consisting of sulfuric acid and Fe®** ions (comparative example).

Figure 3 shows two copper tracks obtained by etching with an aqueous compo-
sition comprising a N-alkylated iminodipropionic acid.

Figure 4 shows two copper tracks obtained by etching with an aqueous compo-

sition comprising a modified polyglycol ether.

Figure 5 shows two copper tracks obtained by etching with an aqueous compo-

sition comprising a quaternary ammonium polymer.

Detailed Description of the Invention

A layer of copper or a copper alloy is etched with an aqueous composition for
etching of copper and copper alloys, the composition comprising Fe** ions, at
least one acid, at least one azole derivative, and at least one etching additive
selected from the group consisting of N-alkylated iminodipropionic acid, salts
thereof, modified polyglycol ethers and quaternary ureylene polymers.

4
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Most preferably, the at least one etching additive is selected from compounds

according to formula (1).

The N-alkylated iminodipropionic acid or salt thereof is selected form com-

pounds according to formula (1):

R3

|
R'ooc”” S N\/\COOR2 0

wherein R' and R® are independently selected from the group consisting of H,
Li*, Na*, K*, and NH4* and R® is preferably selected from the group consisting of
unsubstituted linear C4 to Cq» alkyl, branched and unbranched, and unsubstitut-

ed cyclic Cs to Cs alkyl.

More preferably, R® is selected from the group consisting of unsubstituted linear
C; to Cg alkyl, branched and unbranched.

Most preferably, R® is selected from the group consisting of n-pentyl, n-hexyl, n-
heptyl, n-octyl, branched pentyl, branched hexyl, branched heptyl and branched
octyl.

The term “unsubstituted” is defined herein as containing no residue such as hy-

droxyl, carboxyl, carbonyl, amino etc.

The term “branched” is defined herein as having one or more side group(s)

which is (are) an unsubstituted alkyl residue.

Modified polyglycol ethers are preferably selected from the group consisting of

compounds according to formula (l1):

R12

R16
R13 R15
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(I

wherein R and R" can be equal or different and are selected independently
from the group consisting of H or a suitable counter ion like sodium or potassi-
um, C+-Cxo-alkyl, substituted or unsubstituted, linear or branched, C+-Ce-alkaryl,
linear or branched, allyl, aryl, sulfate, phosphate, halide and sulfonate and
wherein each of the multiple R'?, R'®, R™ and R'® groups may be the same or
different and are selected independently from the group consisting of H or C;-
Ce-alkyl, linear or branched, substituted or unsubstituted and wherein R' is se-
lected from the group consisting of C+-C+z-alkylene, linear or branched, substi-
tuted or unsubstituted, aryl 1,2-, 1,3- or 1,4-substituted, naphthyl, 1,3-, 1,4- 1,5-
1,6- or 1,8-substituted, higher annulated aryl, cylcloalkyl and -O-
(CH2(CH2),OR"", wherein R'! has the meaning defined above and R is select-
ed from the group represented by formula (Il

(1)

wherein the substitution independently is 1,2-, 1,3- or 1,4 for each ring and
wherein g and r are equal or different and 0 to 10 and R'® and R are selected
independently from the group consisting of H or C+-Ce-alkyl, linear or branched
and wherein m, n, o and p are integral numbers ranging from 0 to 200 and can
be equal or different and m+n+o+p is at least 2. Preferably m+n+o+p ranges
from 4 to to 100, more preferably from 10 to 50.

Substituted alkyl, alkaryl and aryl groups described herein are hydrocarbyl moi-
eties which are substituted with at least one atom other than carbon, including
moieties in which a carbon chain atom is substituted with a hetero atom such as
nitrogen, oxygen, silicon, phosphorous, boron, sulfur, or a halogen atom. The
hydrocarbyl moieties may be substituted with one or more of the following sub-
stituents: halogen, heterocyclo, alkoxy, alkenoxy, alkynoxy, aryloxy, hydroxy,
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protected hydroxy, hydroxycarbonyl, keto, acyl, acyloxy, nitro, amino, amido,
nitro, phosphono, cyano, thiol, ketals, acetals, esters and ethers.

Preferred are aqueous solutions, wherein R' and R’ of the modified polyglycol
ethers according to formula (ll) are selected independently from the group con-
sisting of H, methyl, sodium, potassium, halide, sulfate, phosphate and sul-

fonate.

Preferred are aqueous solutions, wherein R'?, R™®, R and R'® of modified pol-
yglycol ethers according to formula (II) are selected independently from the
group consisting of H, methyl, ethyl, n-propyl and isopropyl.

Preferred are aqueous solutions wherein R™ of the modified polyglycol ethers
according to formula (I1) is selected from the group represented by formulae (1V)
and (V)

L SNy
and R19
(IV) (V)

and wherein R'® and R are selected from the group consisting of H, methyl,

ethyl, n-propyl and isopropyl.

Modified polyglycol ethers according to formula (II) having the following formu-

lae are particularly preferred.

Jr__%D\B__Jr

n

(V1)

and wherein n = 1 - 20, preferably 3 — 8.
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HO+CH2—CH2—O O—CH2—CH2%7OH
Me n
n |
C

the

(V1)

and wherein n =1 — 20, preferably 2 - 10.

CH2+ O—CH2—CH2+ OH
L n
—

HO%CHZ—CHZ—O%CHZ— —CH2—CH2%7OH
n n

and wherein n =1 — 20, preferably 2 - 7.

(VI

The quaternary ureylene polymer is preferably selected from polymers having
the formulae (1X) and (X):

wherein n is an integer and preferably ranges from 1 to 40, more preferably
from 3 to 30 and most preferably from 5 to 20. Monomer A is derived from a
diamino compound represented by compounds according to formulae (XI) to
(XIID:

R 23 i 24 R
\N/R\N N/R\ /
Rzz/ H H N
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(XI)
R\ N R )]\ )]\ /
F|{22 F|{26
(XII)
24 25
R® \ / \ )]\ A AR
N N
lLZZ H lLZG
(X111)

wherein R?', R??, R®, and R® are independently selected from the group con-
sisting of a substituted or unsubstituted hydrocarbon residue with 1 to 10 carbon
atoms, preferably methyl, ethyl, hydroxyethyl or —CH,CH»(OCH,CH,),~OH,
wherein y is between 0 and 4, and

R?®, R** and R? are independently selected from the group consisting of (CHa),,
wherein p stands for an integer of 2 to 12, preferably for an ethylene or propyl-
ene group, or for a -[CH>CH,0],,—CH>CH.— group, wherein m is between 1 and
40, preferably for a —(CH2)o—O—(CHz)o— or —(CHyz)o—O—(CH2)o—O—(CH>)— group.

Preferably, monomer A is selected from compounds according to formula (XI).

Monomer L in the at least one ureylene polymer according to formulae (1X) and
(X) stands for a divalent residue, which is selected from the group consisting of

—(CH.)p—, wherein p is an integer preferably between 1 and 12, more preferably
between 1 and 6, and most preferably between 2 and 4,

—CH>—CH(OH)-CH2—, -[CH20]—CH>CH>— and -[CH>CH0]q—CH>CH>—, wherein
g is an integer between 1 and 40, preferably —(CHy)—O—(CHyz)o—,
_(CHQ)Q_O_(CHQ)Q_ or —(C Hz)z—O—(CHz)z—O—(CHz)z—,

and -CH2-CH(OH)-CHo-.
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The concentration of the at least one etching additive in the aqueous composi-
tion preferably ranges from 0.1 to 1.0 g/I, more preferably from 0.25 to 0.75 g/I.

The aqueous composition further comprises at least one triazole or tetrazole
derivative preferably selected from the group comprising 5-amino-1H-tetrazole,
5-phenyl-1H-tetrazole, 1-phenyl-1H-tetrazol-5-thiol, 1-[2-(Diemthylamino)-ethyl]-
1H-terazole-5-thiol, 1-H-benzotriazole, 1H-tolyltriazole and 5-carboxy-1H-

benzotriazole.
Most preferably, the at least one triazole or tetrazole derivative is benzotriazole.

The concentration of the at least one triazole derivative ranges from 1 to
100 mg/l, more preferably from 5 to 50 mg/l and most preferably from 10 to
25 mgl/l.

The at least one triazole derivative present in the aqueous composition accord-
ing to the present invention serves as a complexing agent for copper ions which

are formed during etching.

The source for Fe** ions is preferably selected from water soluble salts of Fe®*
ions. The most preferred source of Fe* ions is Fex(SO4)s.

The concentration of Fe®* ions preferably ranges from 1 to 100 g/, more prefer-
ably from 1 to 50 g/l and most preferably from 5 to 40 g/l.

The at least one acid is selected from the group comprising mineral acids such
as sulfuric acid, and organic acids such as methanesulfonic acid. The most pre-
ferred acids are sulfuric acid and methanesulfonic acid.

The concentration of the acid (or all acids together in case more than one acid
is added) ranges from 10 to 400 g/l, more preferably from 30 to 300 g/l and
most preferably from 50 to 200 g/I.

The aqueous composition according to the present invention may further com-
prises chloride ions, preferably in a concentration in the range of 5 to 500 mg/l,

10
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more preferably in the range of 10 to 200 mg/l and most preferably in the range
of 20 to 100 mg/l. The source of chloride ions is preferably a compound select-

ed from the group comprising LiCl, NaCl, KCI, and NH4CI.

In order to provide chloride ions in the desired concentration range and at the
same time preferably providing a pH of the aqueous composition of < 4, more
preferably < 2. Hydrochloric acid is not preferred as a source of chloride ions.

Optionally, the aqueous composition further contains one or more of Fe®* ions,
surfactants, organic sulfur compounds such as thiourea and sulfosalicylic acid
and polyalkylene compounds such as polyethylene glycol, polypropylene glycol,
copolymers of polyethylene glycol and polypropylene glycol and derivates
thereof of which all may improve the etching behaviour of the aqueous composi-
tion according to the present invention.

The substrates are preferably treated by spraying the aqueous composition ac-
cording to the invention onto the substrates. The aqueous composition can be
sprayed in a vertical mode or horizontal mode, depending on the equipment
desired. Alternatively, the substrates can be immersed into the aqueous com-
position by dipping.

The temperature of the aqueous composition according to the present invention
during use preferably ranges from 10 to 60 °C, more preferably from 20 to 50 °C
and most preferably from 30 to 45 °C. The contact time depends on the copper
thickness to be etched and is in the range from 10 to 360 s, more preferably
from 20 to 200 s and most preferably from 30 to 90 s.

During use the aqueous composition is enriched in Cu®* ions (they are disposed
in the aqueous composition according to the present invention). At the same
time Fe® ions are reduced to Fe®* ions. Cu®* ions have a negative impact on
the performance of the aqueous composition. Cu®* ions increase the density
and viscosity of the etching solution and thereby negatively effect the etching
behaviour. The etch rate and side wall etching performance may decrease. Fur-
thermore, precipitation of Cu®* ion complexes can occur. Such precipitates pose

11
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a mechanical danger to the equipment and the surfaces coming into contact

with the aqueous etching composition.

In processes according to prior art some or all of the added Cu®* ions are re-
moved by bleeding (removing) an adequate amount of etching solution and
adding (feeding) fresh etching solution to the remaining solution.

One particular method to remove Cu®* ions from an aqueous solution is to elec-

trolytically reduce Cu®* ions to metallic copper.

In principle, a second tank equipped with an anode and a cathode and a rectifi-

er is required for electrolysis.

Portions of the aqueous composition according to the present invention are
transferred from a first tank where or from which the etching of copper or a cop-
per alloy layer is performed to a second tank equipped for electrolysis. During
electrolysis Cu®* ions are cathodically reduced to metallic copper and at the
same time Fe** ions are oxidised anodically to Fe** ions.

The metallic copper can be collected and recycled. Without an electrolytic re-
generation cell the oxidizing agent (Fe** ions) would need to be continuously
added to the etching solution. By application of the above described regenera-
tion the spent Fe®* ions are regenerated at the anodes (Fe** is oxidised to Fe**)
and thereby no adding (feeding) of the oxidising agent during use of the etching

solution is required.

A method and an apparatus useful for this process are disclosed in
US 2006/0175204 A1. This method involves feeding of the etching solution into
an electrolysis cell being hermetically sealed or having an anode hood, the elec-
trolysis cell comprising a cathode, an inert anode, means for removing the elec-
trolytically deposited copper from the cathode and means for collecting the re-
moved copper and applying a potential to the removed copper, wherein the

electrolysis cell does not have an ion exchange membrane or a diaphragm.

12
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Examples

The invention will now be illustrated by reference to the following non-limiting

examples.

A substrate containing a dielectric layer, a seed layer obtained by electroless
plating of copper and a patterned second layer of copper obtained by electro-

plating was used throughout all examples.

The seed layer not covered by the patterned second layer of copper was etched
away by spraying different aqueous compositions onto the substrates with an
adjusted copper etch rate of 2 um/min. The contact time was adjusted to pro-
vide the required copper removal. The samples were rinsed with water and the

dry film resist was stripped.

The obtained line shapes of the etched copper tracks were investigated from
cross-sections by optical microscope after depositing a nickel layer onto the
copper tracks which serves as a protection layer during preparation of the

cross-sections.

Example 1 (comparative)

An aqueous composition consisting of 20 g/l H-O, and 90 g/l sulfuric acid was

applied as etching solution.

The resulting line shape of copper tracks (track width: 8 um, track height:
10 um) is shown in Fig. 1. The copper tracks 1 show a severe undercutting 2 of
the track base (i.e. the seed layer obtained by electroless plating of copper).
Hence, the copper track has not the required rectangular shape and no suffi-

cient adhesion to the underlying dielectric substrate.

Example 2 (comparative)

An aqueous composition consisting of 5 g/l Fex(SO4)s and 90 g/l sulfuric acid

was applied as etching solution.

13
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The resulting line shape of the copper tracks (track width: 20 um, track height:
10 um) is shown in Fig. 2. The copper track 1 shows a strong trapezoidal shape
indicated by the dotted lines 3. Hence, the copper track does not provide the
desired rectangular shape and poses the danger of circuit shorts or cross-talk
between individual tracks.

Example 3

An aqueous composition consisting of 15 g/l Fex(SO4)s, 90 g/l sulfuric acid,
15 mg/l benzotriazole, and 0.7 g/l of an etching additive according to formula (I)
wherein R' is H, R? is Na* and R® is 2-ethyl-hexyl was applied as etching solu-

tion.

The resulting line shape of the copper tracks (track width: 8 um, track height:
10 um) is shown in Fig. 3. The copper tracks 1 have the desired rectangular line
shape, have a sufficient adhesion to the underlying dielectric substrate and
pose no risk for circuit shorts or cross-talk between individual tracks.

Example 4

An aqueous composition consisting of 15 g/l Fex(SO4)s, 90 g/l sulfuric acid,
15 mg/l benzotriazole, and 200 mg/I of an etching additive according to formula
(V1) (CAS No.: 29086-67-7) was applied as etching solution.

The resulting line shape of the copper tracks (track width: 20 um, track height:
10 um) is shown in Fig. 4. The copper tracks 1 have the desired rectangular line
shape, have a sufficient adhesion to the underlying dielectric substrate and
pose no risk for circuit shorts or cross-talk between individual tracks.

Example 5

An aqueous composition consisting of 15 g/l Fex(SO4)s, 90 g/l sulfuric acid,
16 mg/l benzotriazole, and 20 mg/l of an etching additive according to formula
(IX) wherein A is selected from a monomer according to formula (XI) wherein

14
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R, R, R*® and R* are methyl and R?* and R** are —(CH,)s-, and L is a —

(CHy).-O-(CHo).- residue was applied as etching solution.

The resulting line shape of the copper tracks (track width: 20 um, track height:
10 um) is shown in Fig. 5. The copper tracks 1 have the desired rectangular line
shape, have a sufficient adhesion to the underlying dielectric substrate and

pose no risk for circuit shorts or cross-talk between individual tracks.

15
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CLAIMS

1. An aqueous composition for etching of copper and copper alloys com-
prising a source for Fe** ions, at least one acid, at least one triazole or
tetrazole derivative, and at least one etching additive selected from the
group consisting of N-alkylated iminodipropionic acid, salts thereof, modi-
fied polyglycol ethers and quaternary ureylene polymers.

2. The aqueous composition for etching of copper and copper alloys ac-
cording to claim 1 wherein the N-alkylated iminodipropionic acid or salts

thereof is selected from compounds according to formula (1)

RS

|
R'ooc”” " N\/\cooR2 ()

wherein R' and R? are independently selected from the group consisting
of H, Li*, Na*, K* and NH,*, and R® is selected from the group consisting
of unsubstituted linear C4 to C4» alkyl, branched and unbranched, and
unsubstituted cyclic Cs to Cs alkyl.

3. The aqueous composition for etching of copper and copper alloys ac-
cording to claim 2 wherein R? in formula (1) is selected from linear Cs- to
Cs- alkyl, branched and unbranched.

4., The aqueous composition for etching of copper and copper alloys ac-
cording to claims 2 and 3 wherein R® in formula (I) is selected from the
group consisting of propyl, butyl, pentyl, hexyl, branched propyl,
branched butyl, branched pentyl and branched hexyl.

16
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5. The aqueous composition for etching copper and copper alloys according
to claim 1 wherein the modified polyglycol ether is selected from the

group consisting of compounds according to formula (I1):

R12

R16
R11 O ; O R17
R13 R15

(1)

wherein R' and R" can be equal or different and are selected inde-
pendently from the group consisting of H or a suitable counter ion like so-
dium or potassium, Ci-Coo-alkyl, substituted or unsubstituted, linear or
branched, C4-Ce-alkaryl, linear or branched, allyl, aryl, sulfate, phosphate,
halide and sulfonate and wherein each of the multiple R, R™, R™ and R'®
groups may be the same or different and are selected independently from
the group consisting of H or C4-Ce-alkyl, linear or branched, substituted or
unsubstituted and wherein R™ is selected from the group consisting of Cs-
Cio-alkylene, linear or branched, substituted or unsubstituted, aryl 1,2-,
1,3- or 1,4-substituted, naphthyl, 1,3-, 1,4- 1,5- 1,6- or 1,8-substituted,
higher annulated aryl, cylcloalkyl and -O-(CHz(CH2).OR™!, wherein R'! has
the meaning defined above and R' is selected from the group represented
by formula (1)

(1)

wherein the substitution independently is 1,2-, 1,3- or 1,4 for each ring and
wherein g and r are equal or different and 0 to 10 and R'® and R are se-
lected independently from the group consisting of H or C+-Ce-alkyl, linear
or branched and wherein m, n, o and p are integral numbers ranging from

0 to 200 and can be equal or different and m+n+o+p is at least 2.

17
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6. The aqueous composition for etching of copper and copper alloys accord-
ing to claim 1 wherein the quaternary ureylene polymer is selected from
polymers according to formulae (I1X) and (X)

(IX)

wherein n is an integer and preferably ranges from 1 to 40, more prefera-
bly from 3 to 30 and most preferably from 5 to 20, and wherein monomer A
is derived from a diamino compound represented by compounds according
to formulae (XI) to (XIII):

O
R® \ R R%®
/ \ NG
N N N
R22/ H H \Rze
(X1)
R’ \ N \ )]\ )]\ /
F|{22 F|{26
(XI1)
24 25
R’ \ e \ )]\ N/R\N/R
H
|L22 |L26
(X1
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10.

wherein R?', R*2, R*®, and R®® are independently selected from the group
consisting of a substituted or unsubstituted hydrocarbon residue with 1 to

10 carbon atoms and

R® R* and R? are independently selected from the group comprising
(CH>)p, wherein p stands for an integer of 2 to 12, or for a {CH>CH>O]m—
CH.CHx— group, wherein m is between 1 and 40, preferably for a —
(CH2)2—O—(CHyz)o— or —=(CH2)>—0O—(CHz)—0O—(CH.)>— group,

wherein monomer L is selected from the group consisting of

—(CHz)p—, wherein p is an integer between 1 and 12, —CH>—CH(OH)-
CHz—, -[CH20]q—CH.CH— and -[CH,CH,0]—CH.CH>—, wherein q is an

integer between 1 and 40.

The aqueous composition for etching of copper and copper alloys ac-
cording to any of the foregoing claims wherein the concentration of the at
least one etching additive ranges from 0.1 to 1.0 g/l.

The aqueous composition for etching of copper and copper alloys ac-
cording to any of the foregoing claims wherein the at least one triazole or
tetrazole derivative is selected from the group comprising 5-amino-1H-
tetrazole, 5-phenyl-1H-tetrazole, 1-phenyl-1H-tetrazol-5-thiol, 1-[2-
(dimethylamino)-ethyl]-1H-terazole-5-thiol, 1-H-benzotriazole, 1H-
tolyltriazole and 5-carboxy-1H-benzotriazole.

The aqueous composition for etching of copper and copper alloys ac-
cording to any of the foregoing claims wherein the concentration of the at

least one triazole or tetrazole derivative ranges from 1 to 100 mg/I.

The aqueous composition for etching of copper and copper alloys ac-
cording to any of the foregoing claims wherein the source for Fe* ions is
Feg(SO4)3.
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11.

12.

13.

14.

The aqueous composition for etching of copper and copper alloys ac-
cording to any of the foregoing claims wherein the concentration of Fe**

ions ranges from 1 to 100 g/I.

The aqueous composition for etching of copper and copper alloys ac-
cording to any of the foregoing claims wherein the at least one acid is se-
lected from the group comprising sulfuric acid and methanesulfonic acid.

The aqueous composition for etching of copper and copper alloys ac-
cording to any of the foregoing claims wherein the concentration of the at
least one acid ranges from 10 to 400 g/I.

A process for etching copper or copper alloys comprising, in this order,
the steps of

a. providing a substrate having a copper or copper alloy surface,

b. contacting said substrate with the aqueous composition according
to any of claims 1 to 13 in a first tank,

wherein during contacting copper is oxidized to Cu®* ions and the
Cu® ions are disclosed in said aqueous composition,

C. transferring a portion of said aqueous composition after contacting
with the substrate to a second tank

wherein said second tank comprises an anode and a cathode and

d. reducing said Cu®* ions to copper by applying a current between
said anode and said cathode.
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