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(54) Manufacture of coated copper pillars

(57) The present invention relates to a method for
forming a copper pillar on a semiconducting substrate,
the copper pillar having an underbump metallization area
comprising a metal less noble than copper and optionally
a solder bump on the top portion, and having a layer of
a second metal selected from tin, tin alloys, silver, and
silver alloys deposited onto the side walls of said copper

pillar. A layer of a first metal which is more noble than
copper is deposited onto the entire outer surface of the
copper pillar prior to deposition of the second metal layer.
The layer of a second metal then has at least a reduced
number of undesired pin-holes and serves as a protection
layer for the underlying copper pillar.
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Description

Field of the Invention

[0001] The present invention relates to the manufac-
ture of copper pillars on semiconducting substrates hav-
ing protected side walls which are used in the field of
electronic devices such as semiconductor micro-chips,
interposers, and IC substrates. The copper pillars can
have a solder cap layer on top.

Background of the Invention

[0002] Copper pillars are used in high density intercon-
nect packages for electrically connecting a semiconduct-
ing micro-chip with an interposer, an IC substrate or a
printed circuit board. Optionally, the copper pillars have
a solder cap layer attached on the top portion of the cop-
per pillars.
[0003] The copper pillars are replacing conventional
solder ball bumps in such applications because they pro-
vide a fixed stand-off independent of the pitch (inter dis-
tance) between individual copper pillar structures.
[0004] Figure 1 shows a method for manufacture of
copper pillars according to the prior art. Copper pillars
are usually manufactured on one side of a semiconductor
substrate such as a micro-chip, referred herein as a die.
The copper pillars (13) are formed by electroplating cop-
per or a copper alloy into openings formed by a patterned
resist material and onto an underbump metallization area
(12) of a die (11) (Fig. 1). The underbump metallization
area is a single layer comprising a metal less noble than
copper, or a multilayer consisting of more than one indi-
vidual layer of metals and/or metal alloys which are less
noble than copper. The underbump metallization area
has the main function of a barrier between copper and
silicon and prevents undesired interdiffusion of said two
elements.
[0005] Optionally, a solder material such as pure tin or
a tin alloy such as tin-silver, tin-silver-copper or tin-silver-
copper-nickel alloys is deposited onto the top portion of
the copper pillars and thereby forming a solder cap layer
(14). Such a method is for example disclosed in US
2005/0077624 A1.
[0006] The exposed side walls of the copper pillars are
prone to undesired oxidation and/or other corrosion proc-
esses during further manufacturing steps of the die and
the interconnect package.
[0007] A further disadvantage of such a copper pillar
structure having a solder cap layer attached to the top
portion is the good wettability of molten tin-based solder
material on the side walls of the copper pillars. Accord-
ingly, molten solder material can flow into the space be-
tween individual copper pillars during reflow operations
and thereby undesired circuit shorts can be formed.
[0008] A method for manufacture of copper pillars hav-
ing attached a solder material onto the top portion and
having coated side walls is disclosed in US

2009/0127708 A1. The method disclosed therein com-
prises the steps of depositing a solder layer of tin or a tin
alloy onto the top portion of the copper pillar and then
depositing a thin protection layer (15) by immersion-type
plating onto the entire outer surface of the copper pillar
(Fig. 1).
[0009] The method disclosed in US 2009/0127708 A1
has a major disadvantage: undesired pin-holes are
formed on the side walls of the copper pillars (13) when
depositing the thin protection layer (15) onto the copper
pillar (Fig. 2).
[0010] The undesired formation of pin-holes during im-
mersion-type plating of a metal such as tin or silver is
also observed for copper pillars (13) without a solder cap
layer (14) of tin-based solder material on top of the copper
pillar (13). Also in such a case the copper pillar (13) is
formed on an underbump metallization area (12) which
comprises at least one layer of a metal or metal alloy less
noble than copper.

Objective of the Invention

[0011] It is the objective of the present invention to pro-
vide a method for manufacture of copper pillars and cop-
per pillars with a layer of a tin-based solder on the top
portion of the copper pillar having a dense protection lay-
er attached to the side walls of the copper pillars.

Summary of the Invention

[0012] This objective is solved by a method for manu-
facture of coated copper pillars on a semiconducting sub-
strate comprising, in this order, the steps of

a. providing a semiconducting substrate with an ar-
ray of copper pillars, the copper pillars having an
underbump metallization area comprising a metal or
metal alloy less noble than copper and optionally fur-
ther having attached a solder cap layer on the top
portion,

b. depositing a first metal layer comprising a metal
which is more noble than copper onto the entire outer
surface of the copper pillars, and

c. depositing a second metal layer selected from the
group consisting of tin, tin alloys, silver, and silver
alloys by immersion-type plating onto the first metal
layer.

[0013] The resulting coated copper pillar obtained
comprises a dense protection layer on the side walls.

Brief Description of the Figures

[0014]

Figure 1 shows a copper pillar with an underbump
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metallization area and a solder cap layer attached
to the top portion manufactured according to the prior
art.

Figure 2 shows a scanning electron micrograph of a
protection layer on the side walls of a copper pillar
with an underbump metallization area and a solder
cap layer attached to the top portion manufactured
according to the prior art.

Figure 3 shows a copper pillar with an underbump
metallization area and a solder cap layer attached
to the top portion manufactured by the method ac-
cording to the present invention.

Figure 4 shows a scanning electron micrograph of a
protection layer on the side walls of a copper pillar
with an underbump metallization area and a solder
cap layer attached to the top portion manufactured
by the method according to the present invention.

Detailed Description of the Invention

[0015] Materials applied in the method according to
the present invention as substrate (21) are semiconduct-
ing materials, preferably silicon wafer materials. Copper
pillars (23) are formed by electroplating into openings of
a patterned resist material.
[0016] Copper pillars (23) are deposited onto an un-
derbump metallization area (22) which comprises for ex-
ample a barrier layer made of tantalum, titanium or tita-
nium-tungsten alloys deposited by physical vapour dep-
osition, or nickel alloys such as nickel-phosphorous al-
loys, nickel-boron alloys, ternary nickel-molybdenum-
phosphorous alloys and ternary cobalt alloys such as co-
balt-tungsten-phosphorous alloys and cobalt-molybde-
num-phosphorous alloys deposited by electroless plat-
ing. The barrier layer serves as to prevent diffusion of
copper from the pillars into the semiconducting substrate.
[0017] The underbump metallization area (22) may
consist of a barrier layer of a metal or metal alloy men-
tioned before and in addition of a thin layer of copper
deposited by a physical vapour phase deposition method
or by electroless plating onto the barrier layer which
serves as a plating base for successive electroplating of
copper. The underbump metallization area (22) may also
consist of three distinct metal and/or metal alloy layers.
[0018] Accordingly, the underbump metallization area
(22) contains at least one layer of a metal or metal alloy
which is less noble than copper.
[0019] Copper pillars (23) preferably have a height in
the range of from 10 to 200 mm, more preferably from 40
to 100 mm and have a circular or rectangular shape. The
diameter of circular copper pillars (23) preferably ranges
of from 10 to 200 mm, more preferably from 20 to 100
mm. Copper pillars (23) having a rectangular shape pref-
erably have a base side length in the range of from 10
to 200 mm, more preferably from 20 to 100 mm.

[0020] Such copper pillars (23) are usually arranged
in arrays of several copper pillars (23) on the semicon-
ducting substrate (21). The array can be for example a
one dimensional array or a two dimensional array of cop-
per pillars (23).
[0021] A solder cap layer (24) also referred herein as
a solder bump is optionally deposited for example by
electroplating onto the top portion of the copper pillar
(23). The solder cap layer preferably comprises tin and
may be selected from pure tin and tin alloys such as tin-
silver alloys, tin-silver-copper alloys, and tin-silver-cop-
per-nickel alloys which are currently employed as tin-lead
solder replacements.
[0022] A method for manufacture of a semiconducting
substrate comprising copper pillars (23) having a solder
cap layer (24) attached to the top portion is disclosed in
US 2009/0127708 A1 and serves in one embodiment of
the present invention as the substrate to be treated by
the method according to the present invention.
[0023] Optionally, a second barrier layer is deposited
onto the top portion of the copper pillar (23) prior to dep-
osition of the optional solder cap layer (24). Suitable ma-
terials for the optional second barrier layer are preferably
selected from nickel alloys such as nickel-phosphorous
alloys and nickel-boron alloys, ternary nickel alloys such
as nickel-moybdenum-phosphorous alloys and ternary
cobalt alloys such as cobalt-tungsten-phosphorous and
cobalt-molybdenum-phosphorous alloys. The optional
second barrier layer may be deposited by electroless
plating. Suitable plating bath compositions and plating
parameters are known in the art. Such an optional second
barrier layer suppresses undesired interdiffusion of cop-
per and the material of the solder cap layer (24).
[0024] The semiconducting substrate (21) comprising
an array of copper pillars (23), the copper pillars having
an underbump metallization area (22) comprising a metal
or metal alloy less noble than copper is provided. Option-
ally, a solder cap layer (24) is attached on the top portion
of the copper pillars (23)
[0025] Next, the exposed surface of the copper pillars
(23) is cleaned. Preferably, etch cleaner compositions
comprising an acid and optionally further comprising a
surfactant agent and/or an oxidizing agent are employed
to clean the surface of the copper pillar (23). A particularly
suitable etch cleaner composition comprises water, sul-
furic acid and hydrogen peroxide.
[0026] Optionally, etch cleaning is followed by a rinse
in an aqueous solution of an acid such as sulfuric acid.
[0027] In another embodiment of the present invention
a plasma treatment is applied to clean the surface of the
copper pillar (23).
[0028] Combinations of etch cleaning and plasma
treatment may by applied to clean the surface of the cop-
per pillar (23).
[0029] Optionally, a treatment for removal of undesired
particles from the surface of the copper pillar (23) is ap-
plied in addition to an etch cleaning and/or a plasma treat-
ment. A particularly suitable treatment of this kind is a
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standard clean 1 (SC1) treatment which comprises the
step of treating the surface of the copper pillar (23) with
an aqueous solution comprising aluminium hydroxide
and hydrogen peroxide. Compositions and treatment
conditions of this kind are known in the art.
[0030] The cleaned surface of the copper pillars (23)
is then contacted with a solution comprising ions of a
metal which is more noble than copper and thereby the
first metal layer (25) is deposited onto the exposed outer
surface of the copper pillar (23) by an immersion-type
reaction wherein copper is oxidized and the metal ions
of a metal more noble than copper are reduced to metallic
state and thereby deposited onto the copper surface.
Such immersion-type plating bath solutions and suitable
plating conditions are known in the art.
[0031] The metal ions of a metal which is more noble
than copper are preferably selected from the group con-
sisting of silver, palladium, platinum, rhodium, ruthenium,
gold, and alloys thereof.
[0032] More preferably, the metal ions of a metal which
is more noble are palladium ions.
[0033] The solution comprising metal ions of a metal
more noble than copper preferably is an aqueous solu-
tion.
[0034] Said solution may further comprise at least one
acid or a salt thereof.
[0035] A particularly preferred aqueous solution for
deposition of a palladium layer as first metal layer (25)
comprises palladium ions, at least one acid or a salt there-
of.
[0036] The source of palladium ions may be selected
from the group comprising palladium sulfate, palladium
chloride, palladium acetate and palladium perchlorate.
The concentration of palladium ions in the aqueous so-
lution preferably ranges from 2 to 200 ppm, more pref-
erably from 5 to 50 ppm.
[0037] The at least one acid or salt thereof is preferably
selected from the group comprising sulfuric acid, nitric
acid, and hydrochloric acid. Suitable counter ions for salts
of the at least one acid may be selected from the group
comprising sodium, potassium, and ammonium. The
concentration of the at least one acid or salt thereof pref-
erably is adjusted to give a bath pH of the immersion-
type palladium plating bath in the range of 1 to 7, more
preferably from 1 to 4.
[0038] The temperature of the immersion-type plating
bath during deposition of the first metal layer (25) pref-
erably ranges from 20 to 90 °C, more preferably from 20
to 40 °C.
[0039] The substrate (21) comprising an array of cop-
per pillars (23) having an underbump metallization area
(22) comprising a metal or metal alloy less noble than
copper and optionally further having attached a solder
cap layer (24) on the top portion is contacted with the
immersion-type plating bath for deposition of the first met-
al layer (25) preferably by dipping or spraying.
[0040] The expression "layer" in respect to the first met-
al layer (25) has to be considered in a broader sense:

the layer of a metal more noble than copper obtained by
immersion-type plating is not a dense layer of said metal
more noble than copper. Depending on e.g. the concen-
tration of metal ions in the solution employed for the im-
mersion-type plating, the temperature of said solution
during plating, and the plating time, differently sized is-
lands of the metal more noble than copper are deposited
onto the copper pillar (23). It is not considered a distinct
layer of the layer assembly but rather an activation, which
forms a metal seed layer. Such seed layer is typically a
few angstroms in thickness.
[0041] In addition, the metal more noble than copper
is also deposited onto the optional solder cap layer (24)
on the top portion of the copper pillar (23).
[0042] A non-dense first metal layer (25) is also re-
quired for deposition of the second metal layer (26) onto
the side walls of the copper pillar (23), because the sec-
ond metal layer (26) preferably is deposited by immer-
sion-type plating. Hence, parts of the underlying copper
pillar (23) need to be accessible for metal ions from said
immersion-type plating bath in order to deposit the sec-
ond metal layer (26).
[0043] Next, the second metal layer (26) is deposited
onto the surface of the copper pillar (23) comprising a
first metal layer (25) without applying an external electri-
cal current to the substrate (21) during deposition. Pref-
erably, the second metal layer (26) is deposited by im-
mersion-type plating.
[0044] The second metal layer (26) is preferably se-
lected from tin, tin alloys, silver and silver alloys.
[0045] Most preferably, the second metal layer (26) is
selected from tin and tin alloys.
[0046] In one embodiment of the present invention the
silver or silver alloys are not selected for the second metal
layer (26) in case the first metal layer (25) is selected
from silver and silver alloys.
[0047] Silver and silver alloys may be deposited from
an aqueous immersion-type plating bath comprising a
source of silver ions, such as silver methane sulfonate,
optionally a source of ions of a second metal such as
palladium ions in case a silver alloy is to be deposited,
and further additives such as imidazole or benzimidazole
and/or an acid such as methane sulfonic acid.
[0048] Suitable aqueous immersion-type plating baths
for deposition of silver or a silver alloy may further com-
prise surface active agents and a complexing agent for
copper ions (deriving from the copper surface during im-
mersion-type plating) such as 2,2’-bipyridyl.
[0049] The concentration of silver ions preferably rang-
es from 0.5 to 5 g/l, more preferably from 0.75 to 2 g/l.
The concentration of the optional acid preferably ranges
from 0.1 to 2 mol/l. The concentration of optional ions of
a second metal preferably ranges from 1 to 100 mg/l,
more preferably from 15 to 50 mg/l.
[0050] The temperature of the silver or silver alloy im-
mersion-type plating bath during deposition of silver or
the silver alloy preferably ranges from 15 to 45 °C, more
preferably from 15 to 35 °C and most preferably from 20
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to 35 °C.
[0051] Tin may be deposited from an aqueous immer-
sion-type plating bath comprising Sn(II) ions and thiourea
and/or a derivative thereof. The addition of a complexant
such as thiourea and/or derivatives thereof is required
whenever tin or a tin alloy is deposited by an immersion-
type plating process onto copper or a copper alloy. The
role of thiourea and/or a derivative thereof is to support
the dissolution of copper by forming Cu(I) thiourea com-
plexes during the immersion reaction with Sn(II) ions. As
copper is more noble than tin such a support reaction is
required to reduce Sn(II) ions by oxidation of copper.
[0052] Acidic immersion-type plating baths for deposi-
tion of tin and tin alloys comprising thiourea and/or de-
rivatives thereof are known since a long time (The Elec-
trodeposition of Tin and its Alloys, M. Jordan, Eugen G.
Leuze Publishers, 1995, pages 89 to 90 and references
cited therein).
[0053] The source of Sn(II) ions in the immersion-type
plating bath is only limited to water soluble compounds.
Preferred sources of Sn(II) compounds are selected from
the group comprising organic sulfonates of Sn(II) such
as tin methane sulfonate, tin sulfate and tin chloride.
[0054] The amount of Sn(II) ions in the immersion-type
plating bath preferably ranges from 1 to 30 g/l, more pref-
erably from 5 to 15 g/l.
[0055] The immersion-type plating bath for depositing
tin further comprises at least one acid or a salt thereof
such as an alkyl sulfonic acid or an aromatic sulfonic acid.
Suitable counter ions for salts of the at least one acid are
selected from the group comprising sodium, potassium,
and ammonium.
[0056] The overall concentration of acids and/or salts
thereof in the immersion-type plating bath preferably
ranges from 0.1 to 1.5 mol/l, more preferably from 0.3 to
1.2 mol/I and most preferably from 0.5 to 1.0 mol/l.
[0057] The at least one complexant in the immersion-
type plating bath is selected from the group consisting of
thiourea and/or derivatives thereof. Thiourea derivatives
are preferably selected from the group comprising mono-
and di-alkyl thiourea having an alkyl group of C1 to C3.
The most preferred complexant is thiourea.
[0058] The at least one complexant which is selected
from thiourea and/or derivatives thereof is preferably
added to the plating bath in an amount of 50 to 150 g/l,
more preferably in an amount of 90 to 120 g/l.
[0059] Optionally, the immersion plating bath further
contains ions of a second metal, such as Ag(I) ions. By
adding ions of a second metal, a tin alloy layer is obtained.
The optional ions of a second metal are preferably added
to the plating bath in a concentration of 0.1 to 500 mg/l,
more preferably 0.5 to 250 mg/l and most preferably from
1 to 50 mg/l.
[0060] The source of Ag(I) ions can be any water sol-
uble Ag(I) salt. Sources of Ag(I) ions are preferably se-
lected from the group consisting of silver sulfate and silver
salts of alkyl or aromatic sulfonic acids. Tin-silver alloys
deposited by immersion-type plating are less sensitive

to whisker growth which may be another source for un-
desired circuit shorts between copper pillars.
[0061] Optionally, the immersion plating bath further
contains at least one second complexant selected from
the group consisting of mono carboxylic acids, poly car-
boxylic acids, hydroxy carboxylic acid, amino carboxylic
acids and salts thereof. Suitable cations in case a salt is
used are for example sodium, potassium, and ammoni-
um.
[0062] Mono carboxylic acids are defined here as com-
pounds having one carboxyl moiety per molecule. Poly
carboxylic acids are carboxylic acids having more than
one carboxyl moiety per molecule. Hydroxyl carboxylic
acids are carboxylic acids having at least one carboxyl
and at least one hydroxyl moiety per molecule. Amino
carboxylic acids are carboxylic acids having at least one
carboxyl and at least one amine moiety. The amine moi-
ety can be a primary, secondary or tertiary amine moiety.
[0063] Preferred poly carboxylic acids as the optional
second complexant are selected from the group consist-
ing of oxalic acid, malonic acid and succinic acid.
[0064] Preferred hydroxy carboxylic acids as the op-
tional second complexant are selected from aliphatic hy-
droxy carboxylic acids having an alkyl group of C1 to C6.
The most preferred hydroxy carboxylic acids as the op-
tional second complexants are selected from the group
consisting of glycolic acid, lactic acid, citric acid, tartaric
acid and salts thereof.
[0065] Preferred amino carboxylic acids as the option-
al second complexant are selected from the group con-
sisting of glycine, ethylenediamine tetraacetic acid (ED-
TA), diethylenetriamine pentaacetic acid (DTPA) and tri-
ethylenetetramine hexaacetic acid (TTHA).
[0066] The concentration of the optional second com-
plexant preferably ranges from 0.1 to 100 g/l, more pref-
erably from 40 to 70 g/l.
[0067] Optionally, the immersion plating bath further
comprises at least one aromatic sulfonic acid such as
benzene sulfonic acid and/or toluene sulfonic acid.
[0068] Optionally, the immersion plating bath further
contains a hypophosphite compound. The preferred hy-
pophosphite compounds are sodium hypophosphite, po-
tassium hypophosphite and ammonium hypophosphite.
[0069] The concentration of the optional hypophos-
phite compound preferably ranges from 0.1 to 200 g/l,
more preferably from 1 to 150 g/l and most preferably
from 10 to 120 g/l.
[0070] The temperature of the immersion-type tin or
tin alloy plating bath during use ranges from 20 to 85 °C.
The substrate immersion time in the immersion tin plating
bath ranges from 1 to 60 min.
[0071] The semiconducting substrate (21) comprising
an array of copper pillars (23) optionally having a solder
cap layer (24) on the top portion is contacted with said
immersion-type plating bath by either dipping the sub-
strate into a plating tank filled with said immersion-type
plating bath or by spraying the immersion-type plating
bath onto the substrate.
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[0072] Optionally the semiconducting substrate (21) is
contacted with an aqueous pretreatment composition
which may comprises the same or similar ingredients as
the immersion-type tin or tin alloy plating bath except the
metal ions.
[0073] The thickness of the second metal layer (26)
attached to the surface of the copper pillar (23) preferably
ranges from 0.05 to 2 mm, more preferably from 0.1 to
0.5 mm.
[0074] Intermetallic copper-tin phases such as n-
Cu6Sn5 and ε-Cu3Sn phases may be formed during dep-
osition of the second metal layer (26) comprising tin and
even more during reflow operations. In case the thick-
ness of a second metal layer (26) comprising tin depos-
ited onto the surface of the copper pillar (23) is thin
enough, the second metal layer (26) comprises a surface
of such intermetallic copper-tin phases instead of a pure
tin surface.
[0075] In one embodiment of the present invention, the
second metal layer (26) comprising tin is thin enough
after deposition that a surface comprising copper-tin in-
termetallic phases is formed during plating and/or reflow
operations.
[0076] Surfaces comprising said intermetallic phases
are known to have a low wettability for molten tin-based
solder materials. Accordingly, the space between indi-
vidual copper pillars (23) in an array of copper pillars (23)
is less likely to be contaminated by molten tin-based sol-
der materials.
[0077] In summary, the deposition of a first metal layer
(25) which comprises a metal more noble than copper
prior to deposition of the second metal layer (26) which
is selected from the group consisting of tin, tin alloys,
silver and silver alloys leads at least to a reduced number
of undesired pin-holes on the side walls of the copper
pillars. Accordingly, the protection properties of a second
metal layer (26) on the side walls of a copper pillar (23)
are improved.

Examples

[0078] The invention will now be illustrated by refer-
ence to the following non-limiting examples.
[0079] Silicon substrates comprising an array of cop-
per pillars on top of an underbump metallization area
which comprises a metal less noble than copper, and a
solder cap layer comprising tin attached to the top portion
of the copper pillars were used throughout all examples.
[0080] The side walls of copper pillars were investigat-
ed by scanning electron microscopy after deposition of
the second metal layer comprising tin.

Example 1 (comparative)

[0081] The copper pillars were cleaned with an aque-
ous etch cleaner (Xenolyte® Cleaner D, a product of Ato-
tech Deutschland GmbH).
[0082] Next, the substrate was dipped for 5 min in an

immersion-type tin plating bath comprising a source of
Sn(II) ions, thiourea and methane sulfonic acid at 35 °C.
A tin layer having a thickness of 0.2 mm was obtained as
the second metal layer (26).
[0083] A silicon substrate having an array of copper
pillar according to Fig. 1 was obtained which comprises
undesired pin-holes in those areas where tin was depos-
ited onto the copper pillar as the second metal layer (Fig.
2).

Example 2

[0084] The copper pillars were cleaned with an aque-
ous etch cleaner (Xenolyte® Cleaner D, a product of Ato-
tech Deutschland GmbH).
[0085] Next, the substrate was dipped into the aqueous
solution comprising 10 ppm Pd ions and sulfuric acid and
having a pH value of 1.
[0086] The substrate was then dipped for 5 min in a
immersion-type tin plating bath comprising a source of
Sn(II) ions, urea and methane sulfonic acid at 35 °C. A
tin layer having a thickness of 0.2 mm was obtained as
the second metal layer (26).
[0087] A substrate comprising an array of copper pil-
lars according to Fig. 3 was obtained which comprises a
protection layer free of undesired pin-holes (Fig. 4).

Claims

1. A method for manufacture of coated copper pillars
on a semiconducting substrate comprising, in this
order, the steps of

a. providing a semiconducting substrate with an
array of copper pillars, the copper pillars having
an underbump metallization area comprising a
metal or metal alloy less noble than copper,
b. depositing a first metal layer comprising a
metal which is more noble than copper onto the
entire outer surface of the copper pillars, and
c. depositing a second metal layer selected from
the group consisting of tin, tin alloys, silver, and
silver alloys by immersion-type plating onto the
first metal layer.

2. The method for manufacture of coated copper pillars
according to claim 1 wherein the semiconducting
substrate is a silicon substrate.

3. The method for manufacture of coated copper pillars
according to any of the foregoing claims wherein the
copper pillars further have a solder cap layer at-
tached to the top portion of its surface.

4. The method for manufacture of coated copper pillars
according to claim 3 wherein the solder cap layer
comprises tin.
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5. The method for manufacture of coated copper pillars
according to any of the foregoing claims wherein the
metal which is more noble than copper is selected
from the group consisting of silver, palladium, plati-
num, rhodium, ruthenium, gold and alloys thereof
with the provisio that silver and silver alloys are not
selected as first metal layer if the second metal layer
comprises silver or a silver alloy.

6. The method for manufacture of coated copper pillars
according to any of the foregoing claims wherein the
metal which is more noble than copper is palladium.

7. The method for manufacture of coated copper pillars
according to any of the foregoing claims wherein the
first metal layer is deposited by immersion-type plat-
ing.

8. The method for manufacture of coated copper pillars
according to claim 7 wherein the immersion-type
plating bath comprises a source of metal ions of a
metal more noble than copper and at least one acid
and/or salt thereof.

9. The method for manufacture of coated copper pillars
according to any of the foregoing claims wherein the
second metal layer is tin or a tin alloy.

10. The method for manufacture of coated copper pillars
according to claim 9 wherein the second metal layer
is deposited from an aqueous plating bath compris-
ing a source of tin ions, thiourea and/or a derivative
thereof, and optionally a source of a second metal.

11. The method for manufacture of coated copper pillars
according to claims 9 and 10 wherein the second
metal layer further comprises copper in the form of
a copper-tin alloy.

12. The method for manufacture of coated copper pillars
according to any of the foregoing claims wherein the
second metal layer comprising tin further comprises
silver.

13. A copper pillar on a semiconducting substrate, the
copper pillar having an underbump metallization ar-
ea comprising a metal less noble than copper and a
side wall protection layer consisting of a first metal
layer and a second metal layer wherein the first metal
layer comprises a metal more noble than copper and
wherein the second metal layer comprises a metal
selected from the group consisting of tin, tin alloys,
silver, and silver alloys with the provisio that silver
and silver alloys are not selected as second metal
layer if the first metal layer comprises silver or a silver
alloy.

14. The copper pillar on a semiconducting substrate ac-

cording to claim 13 wherein the metal more noble
than copper is selected from the group consisting of
silver, palladium, platinum, rhodium, ruthenium,
gold, and alloys thereof.

15. The copper pillar on a semiconducting substrate ac-
cording to any of claims 13 and 14 wherein the sec-
ond metal layer further comprises copper in the form
of a tin-copper alloy.
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