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(57) ABSTRACT

A semiconductor device fabrication method comprises the
steps of: (a) forming a pad electrode on the semiconductor
device; (b) coating the surface of the semiconductor device
with an organic dielectric film so as to expose the center
portion of the pad electrode; (c) treating the exposed surface
of the pad electrode by dry etching; and (d) removing an
altered layer produced in the organic dielectric film due to
the dry etching for the surface treatment, using an oxygen-
free dry process.
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SEMICONDUCTOR DEVICE AND FABRICATION
METHOD THEREOF

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention generally relates to a semi-
conductor device with bump electrodes (or protruding elec-
trodes) and a fabrication method thereof, and more particu-
larly, to removal of an altered layer generated in the surface
area of an organic dielectric due a dry etching process for
native oxide removal from a metal surface (such as a metal
pad), in order to prevent surface leakage.

[0003] 2. Description of the Related Art

1. Field of the Invention

[0004] Providing protruding electrodes or bump elec-
trodes on a semiconductor device, such as an IC chip, has
become mainstream, which technique allows the chip to be
mounted directly on a substrate. In recent years and con-
tinuing, the bump pitch becomes narrower and narrower
along with the miniaturization of the semiconductor devices
and the packages.

[0005] A bump is formed on a pad electrode to provide
electric connection with internal electrodes. In general, the
surface of a semiconductor device is covered with a passi-
vation film, and then coated with an organic dielectric, such
as a polyimide coating film for the purpose of device
protection. An opening is formed in the organic dielectric
and the passivation film so as to expose the pad surface.
Prior to forming a seed layer on the exposed pad surface, dry
etching (RF etching) is performed, as pretreatment, using
argon (Ar) gas in order to remove the native oxide layer from
the pad surface.

[0006] During the dry etching, the film quality of the
surface area of the organic dielectric is altered, and the
electrical isolation ability of the organic coat is degraded due
to the altered layer. To overcome this problem, it is proposed
to remove the altered layer by performing O2 ashing using
a microwave (MW) asher or an RF asher, after the bump
electrodes are fabricated. See, for example, JP 10-56020A
and JP 7-130750A.

[0007] FIG. 1 illustrates how a polyimide altered layer is
removed with a conventional technique. An aluminum (Al)
or aluminum-alloy pad 101 is formed on a semiconductor
wafer 110 via a dielectric layer 111. The pad 101 is electri-
cally connected to an internal electrode, such as a gate
electrode (not shown).

[0008] An opening 108 is formed in passivation film 102
and polyimide film 103 so as to expose the center of the pad
101. To remove the native oxide layer (not shown) from the
exposed surface of the pad 101, dry etching is performed
using argon ions. Due to the influence of the dry etching, an
altered layer 104 is generated in the surface area of the
polyimide film 103.

[0009] Then, a titanium (Ti) film 105 and a copper (Cu)
film 106 are deposited successively over the pad 101 from
which the native oxide film has been removed, as well as
over the polyimide layer 103 (including the altered layer
104), by sputtering. A resist mask (not shown) with a
prescribed pattern is provided to form a bump electrode 107
on the copper (Cu) film 106. Then, the resist mask is
removed, and unnecessary portions of the Cu film 106 and
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the Ti film 105 are removed using the bump electrode 107
as a mask. Then, microwave (MW) ashing is performed
using O2 gas to remove the polyimide altered layer 104
located between bump electrodes 107.

[0010] Removal of the native oxide layer from conductive
surfaces surrounded by an organic dielectric is often per-
formed, other than pad surfaces. If a dry process is employed
to remove the native oxide layer, an altered layer is gener-
ated over the organic dielectric film. For example, when
fabricating a copper (Cu) interconnection electrically con-
nected to the pad electrode on an interposer or a redistribu-
tion layer, or when forming a contact hole for electric
connection between upper-level and lower-level intercon-
nections, a conductive surface is exposed in the opening or
the contact hole. Due to the influence of plasma etching for
removing the native oxide layer from the conductive surface,
the top face of the inter-level organic dielectric is degraded
or altered. It is proposed in WO 99/38208 to remove the
altered layer of the interlevel organic dielectric in a multi-
level wiring board by photoexcited ashing using O2 gas,
oxygen radicals, or ozone.

[0011] The conventional method shown in FIG. 1 for
removing the altered or degraded layer of an organic dielec-
tric is based on the premise that a gold (Au) plated bump of
a TAB (tape automated bonding) type is used. Since gold
(Au) is a stable metal, the bump surface is hardly oxidized
during the O2 ashing. However, with the method shown in
FIG. 1, the etching rate with respect to polyimide is low, and
therefore, the altered layer cannot be removed completely,
For this reason, leakage occurs at resistance of about 1.0*10

Q. It is inferred that the bumps may function as lightning
arresters to cause the etching rate to fall. Especially when the
electrode 107 is formed in the form of a bump or an
under-bump metal (UBM) positioned higher than the poly-
imide layer 102, it becomes difficult to remove the polyim-
ide altered layer 103 between adjacent pads.

[0012] Another problem with the conventional method
shown in FIG. 1 is that this technique is unsuitable for
soldering bumps or copper (Cu) interconnections. If O2
ashing is performed to remove the altered layer after solder
bumps are formed, the bump surface is oxidized, and
fragments of the oxide fly onto the surface of the organic
dielectric (such as the polyimide layer). In addition, micro-
wave plasma etching generally degrades the surface of the
polyimide layer, causing tarnish on it.

SUMMARY OF THE INVENTION

[0013] To overcome the above-described problem, it may
be proposed to form a slit 109 in the polyimide layer 103 in
advance in order to guarantee separation of the electrodes, as
illustrated in FIG. 2. With this arrangement, even if the
quality of the surface area of the polyimide layer 103 is
altered, producing the altered layer 104 due to the dry
etching for native oxide removal, leakage can be prevented
owing to the existence of the slit 109.

[0014] However, as the bump pitch becomes narrower, it
becomes more difficult to guarantee a sufficient area for
defining the slit 109. In addition, the side edges of the
passivation film 102 and the polyimide layer 103 are
exposed in the slit 109. Since the adhesion of the passivation
film 102 to the underfill material is different from that of the
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polyimide layer 103, it becomes difficult to maintain uni-
formity in the assembling process.

[0015] Therefore, it is an object of the present invention to
provide a technique for removing the altered layer on an
organic dielectric efficiently, while preventing tarnish on the
organic coating.

[0016] 1t is also an object of the present invention to
provide a semiconductor device with reliable performance
with reduced surface leakage.

[0017] To achieve the objects of the invention, the altered
layer generated on the organic dielectric of a semiconductor
device is removed without using O2 ashing.

[0018] In one aspect of the invention, a semiconductor
device using an organic dielectric layer with less damage on
it is provided. The semiconductor device comprises:

[0019] (a)a pad electrode arranged at a prescribed position
on a semiconductor wafer;

[0020] (b) an organic dielectric film that covers the semi-
conductor wafer, leaving a center portion of the pad elec-
trode uncovered;

[0021] (c) an altered layer located in the surface area of the
organic dielectric film; and

[0022] (d) a conductor connected to the pad electrode;

[0023] wherein an altered layer removed region is pro-
vided so as to separate the conductor from an adjacent one,
and the organic dielectric film is overetched in the altered
layer removed region at an overetch depth of 10 nm to 100
nm.

[0024] In the second aspect of the invention, a method for
fabricating a semiconductor device in which a portion of the
altered layer generated in the surface area of an organic
dielectric layer is removed is provided. The method includes
the steps of:

[0025] (a) forming a pad electrode on the semiconductor
device;

[0026] (b) coating the surface of the semiconductor device
with an organic dielectric film so as to expose the center
portion of the pad electrode;

[0027] (c)treating the exposed surface of the pad electrode
by dry etching; and

[0028] (d) removing an altered layer produced in the
organic dielectric film due to the dry etching for the surface
treatment, using an oxygen-free dry process.

[0029] By not using oxygen, oxidization of the conductor
surface can be prevented during the removal of the altered
layer.

[0030] In a preferred example, the oxygen-free dry pro-
cess is radio frequency (RF) plasma etching under oxygen-
free gas supply.

[0031] Oxygen-free RF plasma etching allows the altered
layer to be removed efficiently, while preventing surface
degradation, such as tarnish, of the organic dielectric film
during the removal of the altered layer.

Aug. 10, 2006

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] Other objects, features, and advantages of the
present invention will become more apparent from the
following detailed description when read in conjunction
with the accompanying drawings, in which:

[0033] FIG. 1 is a diagram for explaining a conventional
method for removing a polyimide altered layer;

[0034] FIG. 2 is a diagram illustrating a proposal for
forming a slit in the polyimide altered layer and the passi-
vation film to electrically separate adjacent electrodes;

[0035] FIG. 3A through FIG. 3F illustrate a semiconduc-
tor device fabrication process according to the first embodi-
ment of the invention;

[0036] FIG. 4A through FIG. 4G illustrate a modification
of the semiconductor device fabrication process of the first
embodiment;

[0037] FIG. 5A through FIG. 5G illustrates a semicon-
ductor device fabrication process according to the second
embodiment of the invention;

[0038] FIG. 6A through FIG. 6C illustrate the steps
following the step of FIG. 5D, showing a modification of the
semiconductor device fabrication process of the second
embodiment;

[0039] FIG. 7A through FIG. 7D illustrate the steps
following the step of FIG. 5D, showing another modifica-
tion of the semiconductor device fabrication process of the
second embodiment;

[0040] FIG. 8A through FIG. 8F illustrate a semiconduc-
tor device fabrication process according to the third embodi-
ment of the invention; and

[0041] FIG. 9A and FIG. 9B illustrate a semiconductor
device fabrication process according to the fourth embodi-
ment of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0042] The preferred embodiments of the present inven-
tion are described below with reference to the attached
drawings.

[0043] FIG. 3A through FIG. 3F illustrate a semiconduc-
tor device fabrication process according to the first embodi-
ment of the invention.

[0044] First, as illustrated in FIG. 3A, aluminum (Al) pad
11 is formed at a prescribed position on a semiconductor
wafer 20 in which internal circuits (not shown) are formed
and covered with dielectric layers. The pad 11 provides
electric connection with the internal circuit. The pad 11 and
the entire surface of the semiconductor wafer 20 are covered
with a passivation film (cover film) 12. An opening is
formed in the passivation film 12 so as to expose the surface
of the Al pad 11. Then, a photosensitive or nonphotosensi-
tive polyimide overcoat (organic coat) 13 is formed over the
exposed Al pad 11 and the passivation film 12. The thickness
of'the polyimide film 13 is 1 um to 20 pm, depending on the
design. A prescribed position of the polyimide film 13 is
etched to form an opening 23 so as to expose the Al pad 11.
Then, radio-frequency RF etching is performed as pretreat-
ment prior to sputtering, using argon (Ar) gas, to remove the
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native oxide layer (not shown) from the exposed surface of
the Al pad 11. During the dry etching, the surface area of the
polyimide film 13 is altered, and the altered layer 14 is
produced. In the altered layer 14, the resistance level falls
down to 1.0*10* Q, and it serves as a leakage layer.
Accordingly, the altered layer is to be removed in a later
step.

[0045] Then, as illustrated in FIG. 3B, a titanium (Ti) film
15 and a copper (Cu) film 16 are formed successively by
sputtering to form a seed layer 25.

[0046] Then, as illustrated in FIG. 3C, a resist 17 with an
opening pattern at a position corresponding to the Al pad 11
is formed, and a nickel (Ni) film 18 and solder 19 are formed
successively by plating. The solder 19 may be formed of an
appropriate material, such as Sn/Cu, Sn/Ag, Sn/Ag/Cu, or
Pb/Sn.

[0047] Then, as illustrated in FIG. 3D, the resist 17 is
removed using, for example, an organic solvent. Unneces-
sary portions of the Cu film 16 and the Ti film 15 are also
removed by wet etching, using the Ni plating film 18 as a
mask.

[0048] Then, as illustrated in FIG. 3E, the altered layer 14
is removed from the region extending between adjacent
solder plating layers 19 by nitrogen (N2) etching, using an
etching/ashing apparatus (not shown) equipped with an RF
power source of 13.56 MHz. The dry etching is performed
for 60 seconds at power of 200 W, under the nitrogen (N2)
gas supply of 500 sccm at gas pressure of 40 Pa. The process
temperature is lower than or equal to the melting point of the
solder. After the removal of the altered layer 14, the resis-
tance level rises up to 1.0¥10" Q or higher, and the electric
insulation of the polyimide film 13 is restored.

[0049] Then, as illustrated in FIG. 3F, reflow treatment is
performed to form a bump 22, and a semiconductor device
10 is completed. In the altered layer 14 is formed a groove
or a removed region 21 from which the altered layer 14 is
removed by RF etching without using oxygen. The groove
or the removed region 21 guarantees electrical separation
between adjacent bumps 22.

[0050] Inthe first embodiment, radio-frequency (RF) etch-
ing is employed to remove the altered layer. RF plasma can
reach the top face of the polyimide layer 13 even if the gap
between adjacent electrodes is narrow. Accordingly, the
altered layer 14 can be removed even after the formation of
the solder plating layer 19.

[0051] Inthe example shown in FIG. 3E, the gap between
the adjacent solder plating layers 19 is as narrow as about 10
um to 20 um; however, the altered layer 14 is removed in a
reliable manner by employing RF etching. It is expected that
the gap between adjacent solder plating layers 19 may
become 10 um or less along with the miniaturization of
semiconductor devices. With the technique of the first
embodiment, the altered layer 14 can be removed as long as
there is a gap in the range from 2 pm to 100 um.

[0052] Ttis necessary for the bump or protruding electrode
22 to have a certain height in order to avoid adverse
influence, such as thermal stress, after the semiconductor
device 10 is mounted on a mother board or a package board.
The arrangement of the first embodiment allows the altered
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layer 14 to be removed by RF etching even if the narrow-
pitched solder plating layers 19 have a height of 100 um to

120 pm.

[0053] Since oxygen gas is not used during the RF etching,
undesirable oxidation is prevented on the surface of the
solder plating layer 19. This means that the removal of the
altered layer 14 can be performed either before or after the
reflow treatment.

[0054] During the removal of the altered layer 14, the top
face of the polyimide film 13 is slightly overetched (not
shown). Unlike microwave O2 ashing, the overetch depth is
as small as 10 nm to 20 nm, and the assembling property is
maintained satisfactory. Since the overetch depth of the
polyimide film 13 may be varied in the range from 10 nm to
100 nm, which range allows the assembling property to be
maintained good, the etching conditions can be appropri-
ately adjusted in this range, depending on the height and gap
of the solder plating layers 19.

[0055] Another advantage of RF etching is that surface
degradation or tarnish of the polyimide surface, which is
caused by microwave (MW) etching, can be prevented.

[0056] As the etching gas used to remove the altered layer
14, H2 gas, Ne gas, He gas, or combinations thereof (e.g.,
N2-H2) may be employed, other than nitrogen (N2) gas.

[0057] FIG. 4A through FIG. 4G illustrate a modification
of the semiconductor device fabrication process of the first
embodiment. The steps shown in FIG. 4A through FIG. 4D
are the same as those shown in FIG. 3A through FIG. 3D,
and accordingly, explanation for them is omitted.

[0058] In FIG. 4E, reflow treatment is performed to form
a solder bump 22 after the step of FIG. 4D, in which the
unnecessary resist 17 and seed layer 25 are removed.

[0059] Then, as illustrated in FIG. 4F, the altered layer 14
is removed from the region extending between adjacent
solder bumps 22 by nitrogen (N2) etching, using an etching/
ashing apparatus (not shown) equipped with an RF power
source of 13.56 MHz. The dry etching is performed for 60
seconds at power of 200 W, under the nitrogen (N2) gas
supply of 500 sccm at gas pressure of 40 Pa. After the
removal of the altered layer 14, the resistance is restored up
to 1.0¥10™ Q or higher.

[0060] Then, as illustrated in FIG. 4G, reflow treatment is
again performed to purge the surface of the solder bumps 22.
The reflow treatment shown in FIG. 4G is optional, and it
may not be performed as long as the assembling property is
not damaged. In general, the fabrication process may be
terminated in the step of FIG. 4F because oxygen-free RF
etching is employed to remove the altered layer 14, and
therefore the surface of the bump 22 is maintained substan-
tially clear.

[0061] This modification can achieve the same advantages
as those described in conjunction with the process shown in
FIG. 3A through FIG. 3F.

[0062] FIG. 5A through FIG. 5G illustrate a semiconduc-
tor device fabrication process according to the second
embodiment of the invention. In the second embodiment,
prior to the dry process for removing the altered layer 14,
titanium (Ti) particles implanted into the polyimide (includ-
ing the altered layer 14) during the sputtering of the Ti film
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15 (the bottom layer of the seed layer 25) are removed from
the altered layer 14 by light wet etching because the Ti
particles hinder the ashing process.

[0063] The steps shown in FIG. 5A through FIG. 5D are
the same as those shown in FIG. 3A through FIG. 3D.
Namely, the native oxide layer is removed from the alumi-
num (Al) pad 11 exposed in the opening 23 by RF etching
using argon (Ar) gas. A seed layer 25 consisting of a titanium
(Ti) film 15 and a copper (Cu) film 16 is formed. Using a
resist 17 with a prescribed opening pattern, nickel (Ni)
plating and solder plating are carried out successively. Then,
the resist 17 and unnecessary portions of the Cu film 16 and
the Ti film 15 are removed.

[0064] Then, as illustrated in FIG. 5E, light wet etching is
performed using 0.5% hydrofluoric (HF) acid to remove the
titanium (Ti) particles implanted into the surface area of the
polyimide (including the altered layer 14). This wet process
guarantees the dry etching rate in the subsequent step.

[0065] Then, as illustrated in FIG. 5F, RE etching using
nitrogen (N2) gas is carried out, or alternatively, an ashing
process is carried out using an existing microwave (MW)
asher under nitrogen (N2) gas supply. The dry process for
removing the altered layer 14 using an existing microwave
(MW) asher is referred as “MW ashing” for convenience
purposes.

[0066] In employing RF etching, the etching conditions
may be the same as those set in the first embodiment. The
RE power may be set lower because the titanium (Ti)
particles have already been removed. When an existing MW
asher is used, three sets of N2 ashing are repeated, each set
being carried out for 60 seconds at power of 1500 W and
temperature of 150° C. under nitrogen (N2) gas supply of
500 sccm to 1000 scem at gas pressure of 0.6 torr. After this
dry process, the resistance level of the polyimide layer 13 is
restored to 1.0%10"" Q or higher.

[0067] Finally, as illustrated in FIG. 5G, reflow treatment
is performed to form a bump 22, and a semiconductor device
10 is completed. Since adjacent bumps 22 are electrically
separated from each other by the altered layer removed
region 21, junction leakage is reduced and operational
reliability is improved. Although not shown in the figures,
the top face of the polyimide layer 13 is slightly overetched
at a depth of 10 nm to 20 nm in the altered layer removed
region 21.

[0068] In the second embodiment, a wet process is carried
out, prior to the dry process, to remove the titanium (Ti)
particles implanted in the altered layer 14. This arrangement
allows existing microwave (MW) ashers to be used for the
removal of the altered layer. However, it is desired to employ
RF etching even when the dry process is combined with the
wet process, taking into account the overetch depth and the
surface degradation (such as tarnish) of the polyimide layer
13.

[0069] FIG. 6A though FIG. 6C illustrate a modification
of the semiconductor device fabrication process of the
second embodiment. The step shown in FIG. 6A follows the
step shown in FIG. SD.

[0070] InFIG. 6A, reflow treatment is carried out after the
unnecessary portions of the Cu film 16 and the Ti film 15
have been removed, thereby forming a bump or protruding
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electrode 22. After the reflow, light wet etching is performed
using 0.5% hydrofluoric (HF) acid to remove the titanium
(Ti) particles implanted into the altered layer 14. By per-
forming light wet etching after the reflow, side etch of the
titanium (Ti) film 15 can be prevented because the solder
plating layer 19 is deformed by the reflow treatment so as to
surround the titanium (T1) film 15 under the bump 22.

[0071] Then, as illustrated in FIG. 6B, the altered layer 14
is removed by RF etching using nitrogen (N2) gas or
microwave (MW) ashing under nitrogen gas supply using an
existing MW asher.

[0072] Then, as illustrated in FIG. 6C, reflow treatment is
performed again to purge the surface of the bump 22. This
step is optional, and it may not be performed especially
when N2 RF etching is employed to remove the altered layer
14.

[0073] FIG. 7A through FIG. 7D illustrate another modi-
fication of the semiconductor device fabrication process of
the second embodiment. In this modification, light wet
etching is performed after the unnecessary portion of the
seed layer is removed, and after that, reflow treatment is
performed. Then, the altered layer is removed by N2 RF
etching or N2 MW ashing.

[0074] The step illustrated in FIG. 7A follows the step
shown in FIG. 5D. In FIG. 7A, unnecessary portions of the
copper (Cu) film 16 and the titanium (Ti) film 15, which
form the seed layer 25, are removed by wet etching, and
successively, the titanium (Ti) particles implanted into the
altered layer 14 are removed by the light wet etching. This
arrangement is advantageous in that the wet processes can
be performed successively, and that the dissolution of copper
(Cu) due to the Ti etchant can be prevented.

[0075] Then, as illustrated in FIG. 7B, reflow treatment is
performed to form a bump (or protruding electrode) 22.

[0076] Then, as illustrated in FIG. 7C, the altered layer 14
is removed by RF etching under nitrogen (N2) gas supply or
microwave ashing using an existing MW asher under nitro-
gen (N2) gas supply.

[0077] The process may terminated at this point of time, or
alternatively, reflow treatment is performed optionally to
purge the surface of the bump 22, as illustrated in FIG. 7D.

[0078] In either modification, the altered layer 14 extend-
ing between adjacent bumps 22 can be removed in a reliable
manner by combining a light wet process and an oxygen-
free dry process.

[0079] FIG. 8A through FIG. 8F illustrate a semiconduc-
tor device fabrication process according to the third embodi-
ment of the invention. In the third embodiment, the altered
layer 14 is removed by a dry process after under bump
metallization (UBM).

[0080] As illustrated in FIG. 8A, the native oxide layer is
removed from the exposed surface of the aluminum (Al) pad
11 by RF etching using argon (Ar) gas. In this figure, the
semiconductor wafer on which the aluminum pad 11 is
formed is omitted for convenience sake. The native oxide
removal etching causes the surface area of the polyimide
film 13 to be altered.

[0081] Then, as illustrated in FIG. 8B, a titanium (Ti) film
15 and a copper (Cu) film 16 are sputtered successively to
form a seed layer 25.
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[0082] Then, as illustrated in FIG. 8C, a resist 17 having
an opening pattern at a position corresponding to the alu-
minum pad 11 is formed. Using the resist pattern 17, nickel
(Ni) plating and gold (Au) plating are performed succes-
sively to form a Ni plating layer 18 and an Au plating layer
24 for under bump metallization (UBM).

[0083] Then, as illustrated in FIG. 8D, the resist pattern 17
is removed, and unnecessary portions of the Cu film 16 and
the Ti film 15 are removed using the Ni plating layer 18 as
a mask.

[0084] Then, as illustrated in FIG. 8E, the altered layer 14
is removed by RF etching using a gas, such as N2, N2-H2,
He, H2, and Ne. The altered layer 14 is removed after the
under bump metallization, and in this case, it is unnecessary
to introduce the plasma into a narrow gap between bumps.
To this end, an existing microwave (MW) asher may be used
to perform MW ashing, in place of oxygen-free RF etching.
When using a MW asher, N2, N2-H2, He, H2, Ne, and
oxygen-mixed gas may be used.

[0085] As an example of the oxgen-mixed gas, CHF3/02
gas may be used. In this case, ashing is carried out for 30
seconds under the conditions of power of 1000 W, the stage
temperature of 150° C., gas pressure of 0.6 torr, and the gas
flow of 15/485 sccm. When oxygen (O2) gas or another type
of oxygen-mixed gas, such as O2/CF4 or O2/SF4 is used in
this MW ashing, the surface of the polyimide layer 13 is
degraded, causing tarnish, before a prescribed amount of
etching is performed.

[0086] Finally, as illustrated in FIG. 8F, a bump (protrud-
ing electrode) 22 is formed using a printing method to
complete the semiconductor device 10.

[0087] In the third embodiment, the altered layer 14 is
removed following the under bump metallization, and there-
fore an existing microwave (MW) asher can be utilized. By
providing the gold (Au) thin film on the top of the UBM,
certain types of oxygen-mixed gas may be used for the
microwave ashing. However, using oxygen-free etching gas
is preferable from the viewpoint of preventing oxidation on
the side edge of the nickel (Ni) plating layer 18.

[0088] FIG. 9A and FIG. 9B illustrate a semiconductor
device fabrication process according to the fourth embodi-
ment of the invention. In the fourth embodiment, removal of
an altered layer is applied to the formation of a copper (Cu)
interconnection on a redistribution layer (RDL).

[0089] FIG. 9A includes a cross-sectional view and a top
view of a redistribution layer in which a copper (Cu)
interconnection 31 is formed with the altered layer 14
remaining on the wafer.

[0090] Prior to forming the copper (Cu) interconnection
31, an aluminum (Al) pad 11 connected to an internal
electrode (not shown) is formed on the semiconductor wafer
20 having a prescribed circuit (not shown) covered with
interlevel dielectrics. A passivation (cover) film 12 is formed
over the aluminum (Al) pad 11 and the entire surface of the
semiconductor wafer 20. An opening is formed in the
passivation film 12 at a prescribed position so as to expose
the top face of the aluminum (Al) pad 11. Then a polyimide
film (organic coat) 13 is formed over the exposed aluminum
pad 11 and the passivation film 12. The polyimide film 13 is
etched to form an opening 23 at a prescribed position so as
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to expose the top face of the aluminum (Al) pad 11. The
exposed surface of the aluminum (Al) pad 11 is pretreated by
dry etching for removing the native oxide layer (not shown).
During the dry etching, the surface area of the polyimide
film 13 is altered and an altered layer 14 is produced. The
altered layer 14 serves as a leakage layer with the resistance
level reduced as low as 1.0¥10* Q.

[0091] Then, a titanium (Ti) film 15 and a copper (Cu) film
16 are sputtered successively to form a seed layer 25. A resist
pattern (not shown) is formed to perform copper (Cu)
plating to form a copper interconnection 31. The resist is
removed, and unnecessary portions of the copper film 16 and
the titanium film 15 are removed.

[0092] Then, as illustrated in FIG. 9B, the altered layer 14
is removed by RF etching using an oxygen-free gas, such as
N2, N2-H2, He, H2, or Ne. In the fourth embodiment, the
altered layer 14 is removed from a relatively wide area
extending between copper (Cu) interconnections 31.
Accordingly, an existing microwave (MW) asher may be
used, in place of performing RF etching. In this case, N2,
N2-H2, He, H2, Ne, and oxygen-mixed gas may be used.

[0093] As an example of the oxgen-mixed gas, CF4/02
gas may be used. In this case, two sets of ashing processes
are performed, each set being carried out for 30 seconds
under the conditions of power of 1000 W, the stage tem-
perature of 150° C., gas pressure of 0.6 torr, and the gas flow
of 4/196 sccm. From the viewpoint of preventing surface
oxidization of the copper (Cu) interconnection 31, as well as
preventing excessive amounts of overetch and surface deg-
radation of the polyimide film 13, it is preferable to employ
oxygen-free RF etching for removing the altered layer 14.

[0094] As has been described above, in any of the first
through fourth embodiments, the altered layer produced in
the surface area of the polyimide film can be removed
efficiently by oxygen-free RF etching.

[0095] Depending on the situation, an existing microwave
(MW) asher may be used. In order to maintain the surface
condition of the polyimide film good and guarantee the
satisfactory assembling property, RF etching is desirable.

[0096] The organic coat is not limited to polyimide, and a
phenol resin may be used. The same effect applies, and the
altered layer can be removed efficiently by an oxygen-free
dry process.

[0097] This patent application is based on and claims the
benefit of the earlier filing date of Japanese Patent Applica-
tion No. 2005-033548 filed Feb. 9, 2005, the entire contents
of which are incorporated herein by reference.

What is claimed is:
1. A semiconductor device comprising:

a pad electrode arranged at a prescribed position on a
semiconductor wafer;

an organic dielectric film that covers the semiconductor
wafer, leaving a center portion of the pad electrode
uncovered;

an altered layer located in the surface area of the organic
dielectric film; and

a conductor connected to the pad electrode; wherein an
altered layer removed region is provided so as to
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6
separate the conductor from an adjacent one, and the 13. The method of claim 11, further comprising the step
organic dielectric film is overetched in the altered layer of:
removed region to an overetch depth of 10 nm to 100 . .
om performing a reflow treatment on the protruding elec-
2. The semiconductor device of claim 1, wherein the trode,
conductor is a protruding electrode for device mounting, and wherein the altered layer is removed after the reflow
the gap between adjacent protruding electrodes is 2 pum to treatment.
100 pm. 14. The method of claim 13, further comprising the step
3. The semiconductor device of claim 1, wherein the of
conductor is a protruding electrode for device mounting, and . .
the height of the protruding electrode is 5 pm to 120 pm. performing a second reflow treatment on the protruding
4. The semiconductor device of claim 1, wherein the electrode affer the removal of the altered layer.
conductor is a metal interconnection of a redistribution 15. The method of claim 5, further comprising the step of:
layer. o . . forming a protruding electrode on the pad electrode;
5. A method for fabricating a semiconductor device,
comprising the steps of: wherein the altered layer is removed before the protruding
. . . electrode is formed.
forming a pad electrode on the semiconductor device; 16. The method of claim 5, further comprising the step of:
coating Fhe .surfac.e of the semiconductor device Wlth.an forming a redistribution metal interconnection on the pad
organic dielectric film so as to expose the center portion clectrode:
of the pad electrode; ’
treating the exposed surface of the pad electrode by dry Wliir:ﬁgtl;aig:fgoﬁscréso;emoved after the formation of
etching; and 17. The method of claim 5, further comprising the step of:
removing an altered layer produced in the organic dielec- . .
tric film due to the dry etching for the surface treatment, performlng light wet etching on the surface of the altered
using an oxygen-free dry process. layer prior to the oxygen-free dry process;
6. The method of claim 5, wherein the oxygen-free dry wherein the altered layer is removed by radio frequency
process is radio frequency (RF) plasma etching under oxy- plasma or microwave plasma.
gen-free gas supply. 18. A method for fabricating a semiconductor device,

7. The method of claim 6, wherein the RF plasma etching comprising the steps of:
is performed at power of 400 W or lower, and temperature

at or below the melting point of solder. forming a pad electrode on the semiconductor device;

8. The method of claim 5, further comprising the step of: coating the surface of the semiconductor device with an

performing light wet etching on the surface of the altered organic dielectric film so as to expose the center portion
layer prior to the oxygen-free dry process; of the pad electrode;

wherein the oxygen-free dry process is dry etching or treating the exposed surface of the pad electrode by dry
ashing under oxygen-free gas supply. etching; and

9. The method of claim 8, further comprising the step of: removing an altered layer produced in the organic dielec-

forming a seed layer on the pad electrode; wherein the tric film due to the dry etching for the surface treatment,
light wet etching uses an etchant for removing metal using an oxygen-mixed gas; and
particles of the seed layer implanted into the altered

forming a conductor on the pad electrode.
19. The method of claim 18, further comprising the step
of:

layer.
10. The method of claim 5, wherein the oxygen-free gas
includes N2, H2, Ne, He, and combination thereof.
11. The method of claim 5, further comprising the step of: forming a protruding electrode on the pad electrode after

forming a protruding electrode on the pad electrode; the removal of the altered layer;

wherein the altered layer is removed after the protruding wherein the oxygen-m.ixed gas is CHF3/02.' .
electrode is formed. 20. The method of claim 18, further comprising the step

12. The method of claim 11, further comprising the step of:

of: forming a redistribution metal interconnection on the pad

performing a reflow treatment on the protruding elec- electrode before the altered layer is removed;

trode; wherein the oxygen-mixed gas is CF4/02.

wherein the altered layer is removed before the reflow
treatment. k% ok k%
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