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(57) ABSTRACT

An adhesion layer made from Al film or T1 film 1s formed on
Cu electrode pad portions as external connection terminals
of a Cu terconnection layer of an LSI formed on the

surface layer of a semiconductor substrate. A BLM f{ilm
having a stacked structure of Cr/Cuw/Au or Tr/Cu/Au 1s
tformed on the adhesion layer. Solder ball bumps made from

Pb and Sn are formed on the BLM film. The adhesion layer

ensures a high adhesion strength and a high electric contact

characteristic between the Cu electrode pad portions and the
BLM film, that 1s, between the Cu electrode pads and the
solder ball bumps.
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SEMICONDUCTOR DEVICE AND METHOD
OF FABRICATING THE SAME

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

RELATED APPLICATION DATA

The present application is a reissue application of appli-
cation Ser. No. 09/313,172, now U.S. Pat. No. 6,545,335,
issued Apr. 8, 2003, which claims priority to Japanese
Application No. P10-141481 filed May 22, 1998, which
application 1s incorporated herein by reference to the extent
permitted by law.

BACKGROUND OF THE INVENTION

The present invention relates to a semiconductor device
and a method of fabricating the semiconductor device, and
particularly to a semiconductor device i which solder
bumps are formed on electrode pads via a barrier metal film
1s and a method of fabricating the semiconductor device.

To 1ncreasingly progress mimiaturization of electronic
equipment, 1t 1s 1mportant how 1mprove the mounting den-
sity of electronic parts. With respect to semiconductor I1Cs
(Integrated Circuits), studies have been actively made to
develop such a high density mounting technology as to
directly mount a bare chip on a printed wiring board,
typically a tlip-chip mounting method 1n place of the con-
ventional packaging method.

The flip-chip mounting method 1s represented by an Au
(gold) stud bump method or a solder ball bump method, and
turther, 1t includes various other methods covering a wide
range from those at the prototype stage to those at the
commercially practical stage. The present applicant has
developed 1 advance of time a mass-production technology
for forming solder ball bumps on a water level including a
number of chips by applying the LSI (Large-Scale Inte-
grated Circuit) fabrication process, and has filed a number of
the associated patent applications and simultaneously put
consumer-oriented equipment produced on the basis of such
a technology, for example, a micro digital camcorder, to thus
carly commercialize the next-generation LSI mounting tech-
nology.

In formation of solder ball bumps, a barrier metal film 1s
provided between Al (aluminum) based electrode pads of an
[.SI and the bumps 1n order to improve the adhesion between

the electrode pads and the bumps and prevent the mutual
diffusion therebetween. In particular, for the solder ball
bump method, since the barrier metal film exerts a large
cllect on the fimished shapes of bumps, such a film 1s
generally called a BLM (Ball Limiting Metal) film.

In general, the BLM film used for solder bumps has a
three-layer structure of Cr (chromium) film/Cu (copper)
f1lm/Au film. In this three-layer structure, the bottom Cr film
functions as an adhesion layer for ensuring good adhesion
with Al electrode pads; the intermediate Cu film functions as
a barrier layer for preventing the diffusion of solder from
solder bumps; and the top Au film functions as an oxidation
preventive film for preventing the oxidation of the Cu film.
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A related art method of forming solder bumps using such
a BLM film will be described below with reference to FIGS.

8 to 12.

First, an Al based electrode pad 32 made from Al or an

Al—Cu alloy 1s formed on a connection of a tlip-chup IC
(not shown) formed on the surface of a semiconductor
substrate 30. The entire surface of the substrate 1s covered
with a passivation film (surface protective film) 34 made
from polyimide film or silicon nitride film, and a BLM film
36 1s formed in such a manner as to be connected to the Al
based electrode pad 32 via a connection hole opened in the
passivation film 34 (see FIG. 8).
The entire surface of the substrate i1s coated with a
suiliciently thick photoresist film 38, and the photoresist film
38 1s patterned by photolithography to form an opening 40
having a diameter being large enough to expose the BLM
film 36 and a portion of the passivation film 34 around the
BLM film 36 (see FIG. 9).

A solder vapor-deposition film 42 made from Pb (lead)
and Sn (tin) 1s formed over the entire surface of the substrate
by use of, for example a vapor-deposition method. At this
time, since the end, positioned at the edge of the opening 40,
of the photoresist film 38 1s largely stepped, the solder
vapor-deposition film 42 1s divided into a solder vapor-
deposition film 42a located on both the BLM film 36 and the
portion of the passivation film 34 around the BLM film 34
in the opening 40 and a solder vapor-deposition film 42b
located on the photoresist film 38 (see FIG. 10).

The solder vapor-deposition film 42b located on the
photoresist film 38 1s removed together with the photoresist
f1lm 38 by a lift-off method. The lift-ofl method 1s performed
by dipping the waler 1n a resist separation solution and
heating/oscillating the wafer in the solution, to lift-off the
photoresist film 38. In this way, only the solder vapor-
deposition film 42a, which covers the BLM {ilm 36 and the
portion of the passivation film 34 around the BLM film 36,
remains (see FIG. 11).

The solder vapor-deposition film 42a 1s then subjected to
wet-back treatment. That 1s to say, the solder vapor-depo-
sition film 42a 1s coated with flux and 1s fused by heat-
treatment, to finally form a solder ball bump 44 connected
to the BLM film 36. In this way, a semiconductor device 1s
tabricated, 1n which the solder ball bumps 44 are formed via
the BLM {ilm 36 on the Al based electrode pads 32 formed
on the connections of the flip-chip IC formed on the surface
of the semiconductor substrate 30 (see FIG. 12).

While Al has been used as an interconnection material of
L.SIs for a long time, the use of Al has come to cause serious
problems associated with delay of signals or deterioration in
the reliability 1n multiple interconnection layers along with
tendency toward higher integration, finer-geometries, and
higher operational speed of LSIs.

In place of such a conventional material Al, Cu (copper)
1s expected as an interconnection material of the next-
generation LSIs and 1s nearing practical use. Cu has a
resistivity lower about 40% than that of Al (the resistivity of
Al 1s about 2.8 uf2cm while the resistivity of Cu 1s about 1.7
uf2cm), and further Cu has a high resistance against elec-
tromigration. Accordingly, the use of Cu 1s expected to
further reduce the resistance of the LSIs and improve the
reliability thereof.

However, since the above-described process of forming
solder ball bumps on electrode pads via a BLM film 1s
predicated on the use of Al based electrode pads, 1f such a
process 1s applied to an LSI using Cu electrode pads as
terminals of Cu interconnections in place of the conven-
tional Al based electrode pads as terminals of Al based
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interconnections, there may occur the following problem.
Namely, since the adhesion strength between the BLM film

and the Cu electrode pads 1s lowered, there may easily arise
the falling of solder ball bumps from a semiconductor chip
upon mounting ol the semiconductor chip on a printed
wiring board or the failure in electric contact characteristic
between the Cu electrode pads and the solder ball bumps
when the semiconductor chip undergoes a temperature cycle
or a high temperature load, thereby exerting adverse eflect
on the device reliability.

Consequently, 1t 1s desired to establish a fabrication
process of stably forming solder ball bumps with a high-
reliability to the next-generation LSIs adopting a Cu inter-
connection material.

SUMMARY OF THE

INVENTION

An object of the present invention 1s to provide a semi-
conductor device with a high-reliability and a high-durabil-
ity, which 1s capable of forming solder bumps on electrode
pads made from a metal other than Al without degrading the
adhesion strength between the electrode pads and the solder
bumps and the electric contact characteristic therebetween,
and to provide a method of fabricating the semiconductor
device.

To achieve the above object, according to a first aspect of
the present invention, there 1s provided a semiconductor
device including: electrode pads provided on a base; and
solder bumps formed on the electrode pads via a barrier
metal {ilm; wherein an adhesion layer 1s formed between the
clectrode pads and the barrier metal film for increasing the
adhesion therebetween.

The electrode pads 1s preferably made from Cu or an alloy
contaiming Cu (hereinafter, these pads are referred to as “Cu
based electrode pads”™).

The adhesion layer 1s preferably made from at least one
kind of metal selected from a group consisting of Al, Ti
(titanium), Cr, Co (cobalt), N1 (nickel), Mo (molybdenum),
Ag (silver), Ta (tantalum), W (tungsten) and Au, or an alloy
containing the at least one kind of metal.

In the semiconductor device according to the first aspect
ol the present mnvention, since the adhesion layer 1s formed
between the electrode pads and the barrier metal for increas-
ing the adhesion therebetween, even if the electrode pads are
changed from the convention Al based electrode pads into
the Cu based electrode pads, it 1s possible to prevent
degradation of the adhesion strength between the Cu based
clectrode pads and the solder bumps and the failure of the
clectric contact characteristic therebetween. That 1s to say, 1n
order to keep up with the next-generation high speed LSIs
adopting Cu based interconnections, the function of the
barrier metal film having been used for improving the
adhesion between electrode pads and solder bumps 1s rein-
forced by provision of the adhesion layer.

Accordingly, the solder ball bumps appropriate to the
next-generation high speed LSI adopting the Cu intercon-
nection layer can be formed, and since the barrier metal
function 1s reinforced by adding the adhesion layer to the
conventional barrier metal film, even 1f various heat-treat-
ments are applied to the substrate after formation of the
solder layer, 1t 1s possible to eflectively prevent thermal
diffusion of solder, and hence to obtain good electric contact
characteristic between the finally formed solder bumps and
the Cu based electrode pads and also increase the adhesion
strength therebetween. This makes i1t possible to improve the
reliability and durability of a device product on which the
semiconductor chip 1s mounted by the flip-chip mounting
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method. In summary, according to the semiconductor device
of the first aspect of the present invention, i1t 1s possible to
improve the electric contact characteristic, reliability, and
durability of a device product on which the next-generation
high speed LSI chip adopting Cu interconnections 1s
mounted by the flip-chip mounting method.

According to a second aspect of the present invention,
there 1s provided a method of fabricating a semiconductor
device i which solder bumps are formed on electrode pads
provided on a base via a barrier metal film, the method
including: a first step of forming a passivation {ilm in such
a manner as to cover electrode pads; forming a resist film on
the passivation film and patterning the resist film into a
specific shape; and selectively etching the passivation film
using the resist film as a mask to expose the electrode pads;
a second step of forming an adhesion film over the entire
surface of the base; and removing a {irst portion, located on
the resist {ilm, of the adhesion film together with the resist
film by a lift-off method, to allow only a second portion,
located on the electrode pads, of the adhesion layer to
remain; and a third step of forming solder bumps on the
second portion of the adhesion layer located on the electrode
pads via a barrier metal film.

The second step preferably includes a step of forming the
adhesion layer over the entire surface of the base by a
sputtering method, an electrolytic plating method, or a CVD
(Chemical Vapor Deposition) method.

In the method of fabricating a semiconductor device
according to the second aspect of the present invention, the
passivation film 1s selectively etched using the resist film
patterned 1nto a specific shape as a mask to expose the
clectrode pads, and of the adhesion layer formed over the
entire surface of the base, the unnecessary portion of the
adhesion layer located on the resist film 1s removed together
with the resist film by lifting-oil the resist film, to allow only
the portion of the adhesion layer located on the electrode
pads to remain. That 1s to say, the resist film patterned into

spec1ﬁc shape 1s used for both the etching mask and the
lift-off film. Accordmgly, it 15 possible to eliminate the
necessity for provision of the step of forming a resist film for
forming the adhesion layer only on the electrode pads and
the lithography step for patterning the resist film, and hence
to effectively form the adhesion layer 1n self-alignment over
the entire surfaces of the electrode pads exposed by selective
ctching of the passivation film without increasing the num-
ber of processing steps.

Accordingly, even 1f the electrode pads are changed from
the Al based electrode pads into the Cu based electrode pads,
the adhesion layer can be effectively formed 1n self-align-
ment on the entire surfaces of the Cu based electrode pads.
This makes 1t possible to increase the adhesion between the
Cu based electrode pads and the barrier metal film and hence
to prevent the degradation of adhesion strength between the
Cu based electrode pads and the solder bumps and the failure
in electric contact characteristic therebetween. In summary,
according to the method of fabricating the semiconductor
device of the second aspect of the present invention, 1t 1s
possible to improve the electric contact characteristic, reli-
ability, and durability of a device product on which the
next-generation high speed LSI chip adopting Cu intercon-
nections 1s mounted by the tlip-chip mounting method.

While description has been made of the case adopting a
Cu based maternial as the interconnection material of the
next-generation high speed LSI, the present invention 1s not
limited thereto. Even 1f a metal other than Cu 1s adopted as
the interconnection material, the present invention can keep
up with the future LSIs by selecting the material of the
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adhesion layer for increasing the adhesion between electrode
pads and a barrier metal film 1n consideration of the new
interconnection material other than Cu.

In this way, the semiconductor device and the fabrication
method thereof according to the present invention 1s very
usetul to realize a semiconductor device designed on the
basis of the fine design rule and required having high-
integration, high-performance, and high-reliability.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional view showing a semiconductor
device according to one embodiment of the present inven-
tion, 1n which a BLM film 1s formed on a Cu electrode pad

portion of an LSI via an adhesion layer and a solder ball
bump 1s formed on the BLM film;

FIG. 2 1s a sectional view 1illustrating a first step of a
method of fabricating the semiconductor device shown in
FIG. 1, in which a resist film having a pad opening 1s formed
on a silicon nitride film as a passivation film;

FIG. 3 15 a sectional view 1illustrating a second step of the
method of fabricating the semiconductor device shown in
FIG. 1, 1n which the surface of the Cu electrode pad 1is
exposed by selective dry etching of the silicon mitride film;

FIG. 4 1s a sectional view illustrating a third step of the
method of fabricating the semiconductor device shown in
FIG. 1, 1n which the adhesion layer 1s divided into a portion
on the Cu electrode pad portion 1n the pad opening and a
portion formed on the resist film;

FIG. 5 1s a sectional view illustrating a fourth step of the
method of fabricating the semiconductor device shown in
FIG. 1, in which the unnecessary portion of the adhesion
layer located on the resist film 1s removed together with the
resist {ilm by lifting-off the resist film, to allow only the
portion of the adhesion layer located on the Cu electrode pad
in the pad opening to remain;

FIG. 6 1s a sectional view 1illustrating a {ifth step of the
method of fabricating the semiconductor device shown in
FI1G. 1, in which a BLM film 1s formed 1n such a manner as
to be connected to the adhesion layer via an opening formed
in a polyimide film as a passivation film;

FIG. 7 1s a sectional view 1llustrating a sixth step of the
method of fabricating the semiconductor device shown in
FIG. 1, in which a solder ball bump 1s formed on the BLM
film;

FIG. 8 1s a sectional view 1illustrating a first step of a
related art method of forming solder bumps, 1n which a
BLM film 1s formed in such a manner as to be connected to
an Al based electrode pad via a connection hole opened 1n
a passivation {ilm formed on a semiconductor substrate;

FIG. 9 15 a sectional view 1illustrating a second step of the
related art method of forming solder bumps, 1 which an
opening for exposing the Al based electrode pad and a
portion of the passivation film around the Al based electrode
pad 1s formed 1n a sufliciently thick photoresist film;

FIG. 10 1s a sectional view 1llustrating a third step of the
related art method of forming solder bumps, 1n which a
solder vapor-deposition film 1s formed in such a manner as
to be divided into one on the BLM film and the portion of
the passivation film around the BLM film 1n the opening and
the other on the photoresist film;

FIG. 11 1s a sectional view 1llustrating a fourth step of the
related art method of forming solder bumps, 1n which a
portion of the solder vapor-deposition film covering the
bottom surface 1n the opening including the BLM film 1s
allowed to remain by a lift-ofl method; and
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FIG. 12 1s a sectional view 1llustrating a fifth step of the
related art method of forming solder bumps, 1n which a

solder ball bump 1s formed on the Al based electrode pad via
the BLM film by heating and fusing the solder vapor-
deposition film using a wet-back method.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(1]

Hereinaiter, embodiments of the present invention will be
described with reference to the accompanying drawings.

FIG. 1 1s a sectional view showing a semiconductor
device according to one embodiment of the present inven-
tion, and FIGS. 2 to 7 are sectional views illustrating
sequential steps of a method of fabricating the semiconduc-
tor device shown 1n FIG. 1.

As shown 1 FIG. 1, a LSI (not shown) formed 1n a surface
layer of a semiconductor substrate 10 1s subjected to mul-
tilayer interconnection by a Cu interconnection layer 12, and
the entire surface of the substrate 10 1s covered with a silicon
nitride film 14 as a passivation film.

A portion, over a Cu electrode pad portion 12a as an
external connection terminal of the Cu interconnection layer
12, of the silicon nitride film 14 1s selectively removed, and
an adhesion layer 20a made from Al film or 11 film 1s formed
on the Cu electrode pad portion 12a.

The adhesion layer 20a and the silicon nitride film 14 are
further covered with a polyimide film 22 as a passivation
film. A portion, over the adhesion layer 20a, of the polyimide
film 22 1s selectively removed, and a BLM film 24 having
a stacked structure of Cr/Cu/Au or Ti/Cu/Au 1s formed on
the adhesion layer 20a.

A solder ball bump 26 made from Pb and Sn 1s formed on
the BLM film 24.

The method of fabricating the semiconductor device
shown 1n FIG. 1 will be described with reference to FIGS.
2 to 7.

First, an LSI (not shown) 1s formed 1n a surface layer of
the semiconductor substrate 10, and 1s subjected to multi-
layer interconnection using a Cu interconnection layer 12. A
silicon mitride film 14 as a passivation {ilm 1s formed on the
entire surface of the substrate 10.

The silicon nitride film 14 1s coated with a resist film 16,
and the resist film 16 1s patterned into a specific shape by
photolithography, to form a pad opening 18 1n the resist film
16 at a position over a Cu electrode pad portion 12a as an
external connection terminal of the Cu interconnection layer
12 (see FIG. 2).

The semiconductor substrate 10 1s set 1n a magnetron RIE
(Reactive Ion Etchuing) apparatus. The silicon nitride film 14
1s selectively removed by dry etching using the resist film 16
having the pad opening 18 as a mask, to expose the surface
of the Cu electrode pad portion 12a 1n the pad opening
portion 18 (see FIG. 3).

The semiconductor substrate 10 1s set 1n a sputter appa-
ratus. The entire surface of the substrate 10 1s subjected to
pre-treatment for film formation by RF (Radio Frequency)
plasma, and an adhesion layer 20 made from Al film or Ti
film 1s formed by sputtering on the entire surface of the
substrate 10. Of the adhesion layer 20, an adhesion layer 20a
1s formed on the Cu electrode pad portion 12a exposed 1n the
pad opening 18, and an unnecessary adhesion layer 20b 1s
formed on the resist film 16. To be more specific, the
adhesion layers 20a and 20b are separated from each other
by the stepped portion having a thickness equivalent to the
total thickness of the resist film 16 and the silicon nitride
film 14 at the edge of the pad opening 18 (see FIG. 4).
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The semiconductor substrate 10 1s dipped 1n a resist
separation solution, followed by heating and oscillation, to
remove the resist film 16. At this time, the unnecessary
adhesion layer 20b on the resist film 16 1s removed together
with the resist film 16 by lifting-ofl the resist film 16. In this
way, only the adhesion layer 20a remains on the Cu elec-
trode pad portion 12a in the pad opening portion 18 (see
FIG. §).

A polyimide film 22 as a passivation film 1s formed on the
entire surface of the substrate. A portion, over the adhesion
layer 20a, of the polyimide film 22 1s selectively removed by
ctching, to form an opening from which the adhesion layer
20a 15 exposed.

Then, a BLM film 24 1s formed 1n such a manner as to be
connected to the adhesion layer 20a via the opening in
accordance with the same manner as that in the related art
tabrication method, for example, using the lift-off method
and sputtering method (see FIG. 6). The lift-off method and
sputtering method may be replaced with the sputtering
method and etching method.

A high melting point vapor-deposition film (Pb:Sn=97:3)
1s formed 1 such a manner as to cover only the BLM film
24 and a portion of the polyimide film 22 around the BLM
film 24 in accordance with the same manner as that in the
related art fabrication method shown 1 FIGS. 8 to 12 using
the lift-off method and vacuum vapor-deposition method.
The high melting point vapor-deposition film 1s then sub-
jected to wet-back. To be more specific, the high melting
point vapor-deposition film 1s coated with flux and 1s fused
by heating, to form a solder bump 26 made from Pb and Sn
connected to the BLM film 24. The lift-off method and
vacuum vapor-deposition method may be replaced with an
clectrolytic plating method or printing method.

In this way, a semiconductor device shown in FIG. 7 1s
obtained, 1n which the BLM film 24 1s formed wvia the
adhesion layer 20a on the Cu electrode pad portion 12a as an
external connection terminal of the Cu interconnection layer
12 of the LSI (not shown) formed 1n the surface layer of the
semiconductor substrate 10, and the solder ball bump 26 1s
formed on the BLM film 24.

Hereinafter, the etching condition for the silicon nitride
f1lm 14, the formation condition for the adhesion layers 20a
and 20b, and the formation condition for the BLM film 24
in the above-described embodiment of the present invention
will be described with reference to the following examples.

EXAMPLE 1

The selective etching of the silicon nitride film 14 with the
resist film 16 taken as a mask was performed using the
magnetron RIE apparatus under the following condition:

flow rate of reactive gas: C, F./CO=10/90 sccm

pressure: 2.0 Pa

RF power: 2.2 W/cm”

strength of magnetic field: 150 Gauss

The formation of an Al film as the adhesive layers 20a and
20b was performed using a normal sputter apparatus under
the following condition:

DC power: 4.0 kW

flow rate of atmospheric gas: Ar=100 sccm

pressure: 0.5 Pa

temperature of waler stage: room temperature

thickness of Al adhesion layer: 0.1 um

The formation of each of films constituting the BLM film
24 having the stacked structure of Cr/Cu/Au was performed
by a normal sputter apparatus under the following condition:
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(1) Formation Condition of Cr Film
DC power: 3.0 kW

flow rate of atmospheric gas: Ar=75 sccm
pressure: 1.0 Pa

temperature of waler stage: 50° C.
thickness of Cr film: 0.1 um

(2) Formation Condition of Cu Film

DC power: 9.0 kW

flow rate of atmospheric gas: Ar=100 sccm
pressure: 1.0 Pa

temperature of water stage: 50° C.
thickness of Cu film: 1.0 um

(3) Formation Condition of Au Film

DC power: 3.0 kW

flow rate of atmospheric gas: Ar=75 sccm

pressure: 1.5 Pa
temperature of waler stage: 50° C.

thickness of Au film: 0.1 um

EXAMPLE 2

The selective etching for the silicon nitride film 14 with
the resist film 16 taken as a mask using the magnetron RIE
apparatus under the following condition:

flow rate of reactive gas: C,F./CO=10/90 sccm

pressure: 2.0 Pa
RF power: 2.2 W/cm”

strength of magnetic field: 150 Gauss

The formation of a T1 film as the adhesive layers 20a and
20b was performed using a normal sputter apparatus under
the following condition:

DC power: 5.0 kW

flow rate of atmospheric gas: Ar=100 sccm

pressure: 0.5 Pa

temperature of waler stage: room temperature

thickness of 11 adhesion layer: 0.1 um

The formation of each of films constituting the BLM {ilm
24 having the stacked structure of T1/Cu/Au was performed
using a normal sputter apparatus under the following con-
dition:

(1) Formation Condition of Ti1 Film

DC power: 4.0 kKW

flow rate of atmospheric gas: Ar=75 seem

pressure: 1.0 Pa

temperature of water stage: 50° C.

thickness of T1 film: 0.05 um

(2) Formation Condition of Cu Film

DC power: 9.0 kW

flow rate of atmospheric gas: Ar=100 sccm

pressure: 1.0 Pa

temperature of waler stage: 50° C.

thickness of Cu film: 1.0 um

(3) Formation Condition of Au Film

DC power: 3.0 kW

flow rate of atmospheric gas: Ar=75 sccm

pressure: 1.5 Pa

temperature of water stage: 50° C.

thickness of Au film: 0.1 um

As described above, according to this embodiment, since
the adhesion layer 20a made from Al film or Ti film 1s
formed between the Cu electrode pad portion 12a as an

external connection terminal of the Cu interconnection layer
12 and the BLM film 24 having the stacked structure of

Cr/Cuw/Au or Ti/Cu/Au, 1t becomes possible to enhance
adhesion between the Cu electrode pad portion 12a and the
BLM film 24. As a result, even if the material of an
interconnection layer of an LSI 1s changed from Al (con-
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ventional material) to Cu, 1t becomes possible to prevent the
adhesion strength between the Cu electrode pad portion 12a
and the BLM film 24 from being reduced due to the change
of the matenal. This prevents the device reliability from
being degraded due to the falling of the solder ball bump 26
from the semiconductor chip upon mounting of the semi-
conductor chip on a printed wiring board or the failure 1n
clectric contact characteristic between the Cu electrode pad
portion 12a and the solder ball bump 26 when the semicon-
ductor chip undergoes a temperature cycle or a high tem-
perature load.

Accordingly, the solder ball bump 26 appropnate to the
next-generation high speed LSI adopting the Cu intercon-
nection layer 12 can be formed, and since the barrier metal
function 1s reinforced by adding the adhesion layer 20a to
the BLM film 24, even 11 the semiconductor chip undergoes
a thermal cycle test or a high temperature shelf test under a
severe condition, 1t 1s possible to suppress the degradation of
the adhesion strength and the electric contact characteristic
between the Cu electrode pad portion 12a and the solder ball
bump 26, and hence to significantly improve the reliability
and durability of the final device product on which the
semiconductor chip 1s mounted by the flip-chip mounting
method.

In this embodiment, the silicon nitride film 14 1s selec-
tively etched using the resist film 16 having the pad opening,
portion 18 as a mask to expose the surface of the Cu
clectrode pad 12a, and of the adhesion layers 20a and 20b
formed of the Al film or T1 film over the entire surface of the
substrate, the adhesion layer 20b on the resist film 16 1s
removed together with the resist film 16 by lifting-ofl the
resist film 16, to allow only the adhesion layer 20a on the Cu
clectrode pad portion 12a to remain. That is to say, the resist
f1lm 16 1s used for both the etching mask and the lift-off film.
Accordingly, 1t becomes possible to eliminate the necessity
for provision of the step of forming a resist film for forming
the adhesion layer 20a only on the Cu electrode pad portion
12a and the lithography step for patterning the resist film,
and hence to eflectively form the adhesion layer 20a 1n
self-alignment over the entire surface of the Cu electrode
pad portion 12a exposed by selective etching of the silicon
nitride film 14 without increasing the number of the pro-
cessing steps.

In this way, in combination with the function of the
conventional BLM film 24 having been used to improve the
adhesion between the Cu electrode pad portion 12a and the
solder ball bump 26 and prevent the mutual diffusion ther-
cbetween, the adhesion layer 20a formed between the Cu
clectrode pad portion 12a and the BLM film 24 exhibits an
cllect of improving the electric contact characteristic, reli-
ability, and durability of a device product on which the
next-generation high speed LSI chip adopting the Cu inter-
connection layer 12 1s mounted by the flip-chip mounting
method.

In the above embodiment, description has been made
using the two examples: one being configured by the com-
bination of the Cu electrode pad portion 12a, the adhesion
layer 20a formed of the Al film, and the BLM film 24 having
the stacked structure of Cr/Cu/Au (Example 1); and the
other being configured as the combination of the Cu elec-
trode pad portion 12a, the adhesion layer 20a formed of the
T1 film, and the BLM film 24 having the stacked structure of
T1/Cu/Au; however, the present invention i1s not limited
thereto. For example, as the adhesion layer 20a, there may
be used a metal film other than the Al film or Ti1 film, for
example, a Cr film, Co film, N1 film, Mo film, Ag film, Ta

film, W film or Au film. That 1s to say, a metal film capable
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ol exhibiting good adhesion between the Cu electrode pad
portion 12a and the BLM film 24 may be used as the
adhesion layer 20a.

In the above embodiment, description has been made by
way ol the case using the Cu electrode pad portion 12a, that
1s, the Cu iterconnection layer 12; however, the intercon-
nection material of an LSI 1s not limited to Cu but may be
an alloy containing Cu. That is to say, the present invention
can be applied to the case using a Cu based 1nterconnection
layer.

The present invention can be also applied to the case using,
a metal other than a Cu based metal as the interconnection
maternial. In this case, the present invention can keep up with
the future LSIs by suitably selecting the material of the
adhesion layer for increasing the adhesion between electrode
pads and a barrier metal film in consideration of the new
interconnection material other than Cu.

Although the adhesion layers 20a and 20b are formed by
the sputtering method in the above embodiment; however,
they may be formed by the electrolytic plating method or
CVD method.

While the preferred embodiments of the present invention
have been described using specific terms, such description 1s
tfor 1llustrative purposes only, and 1t 1s to be understood that
the structure of the semiconductor device and the processing
conditions of the fabrication method for the semiconductor
device may be suitably changed without departing from the
spirit or scope of the present invention.

What 1s claimed 1s:

[1. A semiconductor device comprising:

A semiconductor substrate in contact with a multilayer
interconnection layer, said multilayer interconnection
layer comprising an electrode pad portion as an exter-
nal connection terminal of the multilayer interconnec-
tion layer, said multilayer interconnection layer and
said electrode pad portion made from copper or an
alloy contaiming copper;

an adhesion layer formed directly on the electrode pad
portion such that the adhesion layer 1s 1n contact with
the electrode pad portion;

a barrier layer formed on the adhesion layer, wherein such
barrier layer has a stacked structure of at least two
different types of metal; and

a solder bump formed on the barrier layer.]

[2. A semiconductor device according to claim 1, wherein
said adhesion layer 1s made from at least one kind of metal
selected from a group consisting of Al, Cr, Co, N1, Mo, Ag,
Ta, W and Au, or an alloy containing said at least one kind
of metal.]

3. A semiconductor device comprising:

a semiconductor substrate in contact with a multilayer
interconnection layer, said multilayer intevconnection
layver comprising an electrode pad portion as an exter-
nal connection terminal of the multilayer interconnec-
tion layer, said multilayer interconnection layver and
said electrode pad portion made from copper or an
alloy containing copper,

an adhesion layer formed divectly on the electrode pad
portion such that the adhesion layer is in contact with
the electrode pad portion;

a first passivation layer formed on said adhesion layer;

a barrier layer formed on the adhesion laver, wherein
such barrier layer has a stacked structure of at least
two different types of metal; and

a solder bump formed on the barvier layer,

wherein said adhesion laver has an upper surface includ-
ing a first portion that is in contact with said first
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passivation laver and a second portion that contacts a
bottom surface of said barrier layer.

4. A semiconductor device according to claim 3 wherein
said first passivation layer has a lower surface that is in
contact with said adhesion laver, an upper surface that is in
contact with said barrier laver, and a side surface that is in
contact with said barrier laver, wherein said side surface
extends from said lower surface to said upper surface.

5. A semiconductor device according to claim 3, wherein
said adhesion laver comprises Al.

6. A semiconductor device according to claim 3,
said adhesion laver comprises Co.

7. A semiconductor device according to claim 3,
said adhesion laver comprises Ni.

8. A semiconductor device according to claim 3,
said adhesion laver comprises 1a.

9. A semiconductor device according to claim 3,
said adhesion laver comprises W.

10. A semiconductor device according to claim 3,
said adhesion laver comprises Au.

11. A semiconductor device according to claim 3, further
comprising a second passivation laver formed between said
electrode pad portion and said first passivation layer

12. A semiconductor device according to claim 11,
wherein said second passivation laver has a lower surface
that is in contact with said electrode pad portion, an upper
surface that is in contact with said first passivation layer,
and a side surface that is in contact with said first passiva-
tion layer, wherein said side surface extends from said lower
surface to said upper surface.

13. A semiconductor device according to claim 11,
wherein said first passivation laver is made of polyimide,
and said second passivation laver is made of silicon nitride.

14. A semiconductor device according to claim 3, wherein

a thickness of the barvier layer is thicker than a thickness of
the adhesion layer.
13. A semiconductor device according to claim 3, wherein

wherein

wherein

wherein

wherein

wherein
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the multilayer interconnection layer and the electrode pad ,,

portion are made from the same material.

16. A semiconductor device according to claim 3, wherein
said adhesion laver substantially contacts an entire bottom
surface of said barrier layer.

12

17. A semiconductor device comprising:

a semiconductor substrate in contact with a multilayer
interconnection layer, said multilayer intevconnection
laver comprising an electrode pad portion as an exter-
nal connection terminal of the multilayer interconnec-
tion layer, said multilayer interconnection layver and
said electrode pad portion made from copper or an
alloy containing copper,

an adhesion layer formed divectly on the electrode pad
portion such that the adhesion laver is in contact with
said electrode pad portion;

a first passivation layer formed on said adhesion layer,

a barrier laver formed on said adhesion layer, wherein
such barrier layer has a stacked structure of at least
two different types of metal; and

a solder bump formed on the barrvier layer,

wherein said first passivation laver has an opening
through which said barrier laver is electrically con-
nected to said adhesion layer.

18. A semiconductor device according to claim 17,
wherein said first passivation layer is formed directly on said
adhesion laver, and said barrier layer is formed divectly on
said adhesion layer.

19. A semiconductor device according to claim 17,
wherein said adhesion layer comprises 1a.

20. A semiconductor device according to claim 17,
wherein a thickness of the barrvier laver is thicker than a
thickness of the adhesion layer.

21. A semiconductor device according to claim 17,
wherein the multilayer interconnection layver and the elec-
trode pad portion arve made from the same material.

22. A semiconductor device according to claim 17,
wherein said adhesion layver substantially contacts an entire
bottom surface of said barrvier layer.

23. A semiconductor device according to claim 17, further
comprising a second passivation layer formed between said
electrode pad portion and said first passivation layer.

24. A semiconductor device according to claim 23,
wherein said second passivation laver has a lower surface
that is in contact with said electrode pad portion, an upper
surface that is in contact with said first passivation layer,
and a side surface that is in contact with said first passiva-
tion laver, wherein said side surface extends from said lower

surface to said upper surface.
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