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(54) METHOD OF FABRICATING SEMICONDUCTOR DEVICE

(57) A method of fabricating a semiconductor
device for forming interconnections formed on a semi-
conductor device in multiple layers above and below an
organic interlayer insulation film (19) as an insulation
film, wherein the organic interlayer insulation film (19)
having its insulation resistance lowered on receiving
damage by plasma by sputter etching to be performed
to reduce a contact resistance between lower layer

interconnections (13a, 13b) and upper layer intercon-
nections (21a, 21b) is subjected to ashing or ashing and
annealing to thereby remove a charged-up layer (19a),
which is a surface layer subjected to the plasma dam-
age, to increase an insulation resistance value, thereby
preventing a leak current from flowing between the
upper layer interconnections (21a, 21b).
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Description

TECHNICAL FIELD

[0001] The present invention relates to a method of
fabricating a semiconductor device, more specifically, to
a method of fabricating a semiconductor device using
an organic interlayer insulation film as an insulation film
between interconnections.

BACKGROUND TECHNOLOGY

[0002] In a semiconductor device in which an inte-
grated circuit composed of a large number of active ele-
ments and passive elements is formed,
interconnections in multiple layers such as interconnec-
tions for interconnecting internal circuits thereof and
interconnections for connecting to external circuits (or
devices) are provided. Some semiconductor devices
use organic interlayer insulation films as insulation films
for insulating between the interconnections.
[0003] The structure of such a conventional semi-
conductor device and a fabricating method thereof will
be explained with FIG. 10 and FIG. 11.
[0004] FIG. 10 is a schematic plane view of the
semiconductor device and FIG. 11 is a somewhat
enlarged schematic sectional view along the Y-Y line in
FIG. 10.
[0005] Numeral 11 is a semiconductor substrate (a
semiconductor chip or wafer) in which an integrated cir-
cuit is formed and a plurality of lower layer interconnec-
tions 13a, 13b formed by patterning a metal film
containing aluminum as a major constituent are pro-
vided on the top face of the semiconductor substrate.
[0006] Moreover, a protection film 15 made of a sil-
icon oxide film or a silicon nitride film is formed on the
entire face of the semiconductor substrate 11, and con-
tact holes 16 are provided at required positions in the
protection film 15 on the lower layer interconnections
13a, 13b.
[0007] Furthermore, an organic interlayer insulation
film 19 is formed on the entire face of the protection film
15, with contact holes 18 provided at the same positions
as the contact holes 16 in the protection film 15. A pho-
tosensitive polyimide precursor, by way of example, is
applied on the protection film 15 and thereafter pat-
terned to form the contact holes 18 and then subjected
to annealing to be polyimidized, thereby forming this
organic interlayer insulation film 19.
[0008] Upper layer interconnections 21a, 21b
formed by patterning a metal film containing aluminum
as a major constituent are provided on the interlayer
insulation film 19, and the upper layer interconnections
21a, 21b individually connect to the lower layer intercon-
nections 13a, 13b through the contact holes 18, 18
respectively.
[0009] The upper layer interconnections 21a, 21b
have the organic interlayer insulation film 19 exposed as

illustrated therebetween to thereby be insulated.

[0010] It should be noted that before the upper layer
interconnections 21a, 21b are formed, the surfaces of
the lower layer interconnections 13a, 13b exposed at
the bottom of the contact holes 18 are oxidized in the air
to form oxide film insulation layers. Therefore, if the
oxide film insulation layers are not removed, an excel-
lent electrical connection characteristic is not demon-
strated between the lower layer interconnections and
the upper layer interconnections.
[0011] Accordingly, before the upper layer intercon-
nections 21a, 21b are formed, the surfaces of the lower
layer interconnections 13a, 13b exposed at the bottom
of the contact holes 18 are cleaned by sputter etching
with argon ions to remove the oxide film insulation lay-
ers.
[0012] As described above, the multiple layer inter-
connections can be easily installed on the semiconduc-
tor substrate 11 constituting the semiconductor device.
Incidentally, only one pair of the lower layer interconnec-
tions 13a, 13b and one pair of the upper layer intercon-
nections 21a, 21b are provided in FIG. 10 and FIG. 11,
which is a simplified illustration for convenience of
description, and in reality many lower layer interconnec-
tions and upper layer interconnections are provided.
Regarding the upper layer interconnections, there are
not only the ones which interconnect between circuits in
the semiconductor device but also the ones which con-
nect to external circuits (or devices).
[0013] However, the measured insulation resist-
ance value between the upper layer interconnections
21a and 21b which are adjacent to each other in this
example, is 107 Ω  to 1010 Ω. This is not a sufficiently
high value as a value of the insulation resistance
between interconnections in the semiconductor device.
Such a low insulation resistance value between the
upper layer interconnections causes an increase leak in
current and an increase in power consumption in the
semiconductor device.
[0014] Further, when the semiconductor device is
packaged, there also arises a problem that the insula-
tion resistance of the package is lowered to deteriorate
reliability.

DISCLOSURE OF THE INVENTION

[0015] An object of the present invention is to solve
the above-described problems in a semiconductor
device using an organic interlayer insulation film as an
insulation film between interconnections to increase an
insulation resistance between upper layer interconnec-
tions to thereby fabricate a reliable semiconductor
device.
[0016] Therefore, a method of fabricating a semi-
conductor device according to the present invention is a
method of fabricating a semiconductor device in which
interconnections in a plurality of layers are formed on a
semiconductor substrate, in which an integrated circuit
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is formed, with an organic interlayer insulation film as an
insulation film, and has the following steps:

forming lower layer interconnections made of a
metal film on the semiconductor substrate;
forming the organic interlayer insulation film on the
semiconductor substrate on which the lower layer
interconnections are formed;
forming contact holes at required positions on the
lower layer interconnections by patterning the
organic interlayer insulation film;
cleaning the surfaces of the lower layer intercon-
nections exposed within the contact holes by sput-
ter etching;
forming upper layer interconnections made of a
metal film on the organic interlayer insulation film
and connecting to the lower layer interconnections
through the contact holes; and
recovering the organic interlayer insulation film hav-
ing its insulation resistance lowered on receiving
damage by plasma in the step of cleaning the sur-
face of the lower layer interconnections from the
damage by performing ashing a surface layer
thereof;
and preferably, after the above step, the step of fur-
ther recovering the organic interlayer insulation film
from the damage by annealing is performed.

[0017] Alternatively, in the step of recovering the
organic interlayer insulation film from the damage by
performing ashing for the surface layer thereof, it is pref-
erable that the ashing is performed while annealing is
performed.
[0018] The ashing in the step of recovering from the
damage can be performed using oxygen plasma or oxy-
gen radicals, or using ozone which is produced by irra-
diating ultraviolet light to oxygen gas.
[0019] As described above, the method of fabricat-
ing the semiconductor device according to the present
invention is characterized in that the organic interlayer
insulation film having its insulation resistance lowered
on receiving the damage by plasma by sputter etching
to be performed to reduce the contact resistance
between the lower layer interconnections and the upper
layer interconnections is subjected to ashing to thereby
recover from the plasma damage to increase the insula-
tion resistance.
[0020] As a result of the experiment by the inventor,
after the upper layer interconnections are formed on the
organic interlayer insulation film, the insulation resist-
ance value of the exposed surface of the organic inter-
layer insulation film results in 107 Ω to 1010 Ω as
described above. This fact means that the insulation
resistance value has significantly lowered compared
with 1014 Ω or more which is the insulation resistance
value of the unprocessed organic interlayer insulation
film.
[0021] It is found that the reason thereof is that the

surface of the organic interlayer insulation film has
received plasma damage by ion implantation of argon
ions by sputter etching processing to be performed
before the formation of the upper layer interconnections,
whereby a charged-up layer is produced near the sur-
face, resulting in a lowered insulation value of the
organic interlayer insulation film.

[0022] For this reason, after the upper layer inter-
connections are formed on the organic interlayer insula-
tion film as described above, the surface of the organic
interlayer insulation film is subjected to ashing to
thereby remove the surface layer (the charged-up layer)
of the organic interlayer insulation film which has
received plasma damage and recover the insulation
resistance value of the organic interlayer insulation film,
thereby increasing the insulation resistance value
between the upper interconnections. Annealing is per-
formed after the ashing or the ashing is performed while
annealing is performed, thereby further increasing the
insulation resistance value of the organic interlayer
insulation film.
[0023] Thereby, it is possible to prevent a leak cur-
rent between the interconnections and to reduce the
power consumption of the semiconductor device.

BRIEF DESCRIPTION OF DRAWINGS

[0024]

FIG. 1 to FIG. 5 are views for explaining a method
of fabricating a semiconductor device according to
this invention and schematic sectional views show-
ing respective steps, each corresponding to a sec-
tion along the Y-Y line in FIG. 10.
FIG. 6 to FIG. 9 are schematic diagrams showing
different examples of an apparatus for performing
annealing and ashing for a surface layer of an
organic interlayer insulation film in the method of
fabricating the semiconductor device according to
this invention.
FIG. 10 is a plane view of the semiconductor device
which is an object of this invention.
FIG. 11 is a somewhat enlarged schematic sec-
tional view along the Y-Y line in FIG. 10.

BEST MODE FOR CARRYING OUT THE INVENTION

[0025] To explain this invention in more detail, pre-
ferred embodiments of the present invention will be
explained with reference to the accompanying draw-
ings.
[0026] FIG. 1 to FIG. 5 are views for explaining a
method of fabricating a semiconductor device according
to this invention and schematic sectional views showing
respective steps, each corresponding to a section along
the Y-Y line in FIG. 10. Incidentally, a plane view of a
complete semiconductor device is the same as FIG. 10,
and thus FIG. 10 is used also for explanation of the
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embodiments of this invention.

[0027] In this embodiment, as shown in FIG. 1, a
metal film containing aluminum as a major constituent is
formed with a film thickness of 500 nm to 1000 nm on a
semiconductor substrate (a semiconductor chip or
wafer) 11 which is a main body of the semiconductor
device by sputtering or vacuum evaporation. In this
semiconductor substrate 11, an integrated circuit com-
posed of a large number of active elements and passive
elements constituting the semiconductor device is
formed, though the illustration thereof is omitted.
[0028] Next, a photoresist (not shown) is applied on
the metal film and thereafter subjected to exposure and
development with a photomask in which an interconnec-
tion pattern is formed, so that the photoresist is pat-
terned in a lower layer interconnection shape.
[0029] The aforesaid metal film is patterned by dry
etching using an etching gas containing halogen base
gas as a major constituent with the patterned photore-
sist as an etching mask. Thereby, lower layer intercon-
nections 13a, 13b shown in FIG. 1 are formed.
[0030] Next, a protection film 15 made of a silicon
oxide film or a silicon nitride film is formed with a film
thickness of 800 nm to 1200 nm on the entire top face of
the semiconductor substrate 11 including the lower
layer interconnections 13a, 13b by a chemical vapor
deposition process or the like.
[0031] A photoresist (not shown) is applied on the
protection film 15 and thereafter subjected to exposure
and development with a photomask in which openings
are formed at required positions corresponding to the
lower layer interconnections 13a, 13b, so that the pho-
toresist is patterned.
[0032] Subsequently, the protection film 15 is pat-
terned by dry etching using an etching gas containing
carbon tetrafluoride gas as a major constituent with the
patterned photoresist as an etching mask, thereby form-
ing contact holes 16 shown in FIG. 1.
[0033] The contact holes 16 are formed by opening
the protection film 15 to expose the lower layer intercon-
nections 13a and 13b. The contact holes 16 become
connecting portions for interconnections which are
newly formed above the protection film 15 or to obtain
electrical conduction between this semiconductor
device and external devices. For instance, a bump, a
metal wire, or the like is inserted into each contact hole
16, thereby obtaining electrical conduction between this
semiconductor device and the external devices.
[0034] Next, as shown in FIG. 2, a photosensitive
polyimide precursor 17 is applied with a film thickness of
20 µm to 4 µm on the protection film 15 by spin coating
as an organic interlayer insulation film material. There-
after, exposure and development are performed using a
photomask in which opening portions are formed by
patterning at positions corresponding to the contact
holes 16.
[0035] Consequently, contact holes 18 are opened
in the polyimide precursor 17 aligned with the contact

holes 16 in the protection film 15.

[0036] The patterned polyimide precursor 17 is
polyimidized by performing annealing for 30 minutes at
a temperature of 350°C to 400°C in the air atmosphere
or a nitrogen atmosphere using a high-temperature fur-
nace.
[0037] The polyimide precursor 17 is reduced in film
thickness to about half thereof by performing polyimidi-
zation, that is, reduced to 10 µm to 2 µm. This polyi-
midized film is an organic interlayer insulation film 19 in
which the contact holes 18 are patterned as shown in
FIG. 3.
[0038] The contact holes 18 in the organic inter-
layer insulation film 19 are formed to exist inside the
contact holes 16, whereby the volume shrinks during
the annealing at a temperature of 350°C to 400°C for
performing polyimidization and the shape of the inner
walls of the contact holes 18 comes to a normal tapered
shape as shown in FIG. 3, resulting in an improved cov-
ering property of the upper layer interconnections which
will be formed in the following step.
[0039] While the step of forming the organic inter-
layer insulation film 19 is performed, the surfaces of the
lower layer interconnections 13a, 13b exposed at the
bottom of the contact holes 18 as shown in FIG. 3 are
oxidized in the air, resulting in the formation of oxide film
insulation layers. Therefore, if the oxide film insulation
layers are not removed, an excellent electrical connect-
ing characteristic is not demonstrated between the
lower layer interconnections 13a, 13b and the upper
layer interconnections which will be formed on the lower
layer interconnections 13a, 13b.
[0040] Accordingly, in order to remove the oxide film
insulation layers, the surfaces of the lower layer inter-
connections 13a, 13b exposed at the bottom of the con-
tact holes 18 are cleaned by sputter etching with argon
ions.
[0041] Thereafter, a metal film containing aluminum
as a major constituent, a metal film composed of a
metal film containing aluminum as a major constituent
and a metal film made of chrome, a metal film com-
posed of a metal film containing aluminum as a major
constituent and a metal film made of a metal having a
high melting point, or a copper film is formed by sputter-
ing or vacuum evaporation.
[0042] Further, a photoresist is applied on the metal
film and thereafter subjected to exposure and develop-
ment using a photomask in which an upper layer inter-
connection pattern is formed, so that the photoresist is
patterned.
[0043] Then, the metal film is patterned by dry etch-
ing using halogen base gas as a major constituent or
wet etching using phosphoric acid as a major constitu-
ent with the patterned photoresist as an etching mask,
thereby forming upper layer interconnections 21a, 21b
on the organic interlayer insulation film 19 as shown in
FIG. 4 and FIG. 10.
[0044] The upper layer interconnections 21a, 21b

5 6

5

10

15

20

25

30

35

40

45

50

55

TSMC EX. 1009 Page 4 of 14



EP 1 065 714 A1

5

are formed to fill the contact holes 18, 18 respectively,
and thus they individually connect to the lower layer
interconnections 13a, 13b. Moreover, the organic inter-
layer insulation film 19 is provided between the upper
layer interconnections 21a, 21b, thereby electrically
insulating them from each other.

[0045] However, as described above, before the
upper layer interconnections 21a, 21b are formed, sput-
ter etching with argon ions is performed to thereby carry
out the step of cleaning which removes the oxide film
insulation layers formed on the surfaces, which are
exposed within the contact holes 18, of the lower layer
interconnections 13a and 13b. In this step, the surface
of the organic interlayer insulation film 19 receives
plasma damage by ion implantation of argon ions,
whereby a charged-up layer 19a is produced near the
surface shown by a broken line in FIG. 4, resulting in a
lowered insulation resistance value of the organic inter-
layer insulation film 19. Therefore, the resistance value
between the upper layer interconnections 21a, 21b is in
the 107 Ω to 109 Ω range.
[0046] Accordingly, after the upper layer intercon-
nections 21a, 21b are formed on the organic interlayer
insulation film 19, the surface of the organic interlayer
insulation film 19 is subjected to ashing to thereby
remove the surface layer (the charged-up layer 19a) of
the organic interlayer insulation film which has received
the plasma damage so as to recover the insulation
resistance value of the organic interlayer insulation film
19, thereby increasing the insulation resistance value
between the upper layer interconnections 21a, 21b. As
a result, the resistance value between the upper layer
interconnections 21a, 21b after the performance of the
ashing is in the 1011 Ω to 1013 Ω range.
[0047] FIG. 5 shows the semiconductor device after
the ashing and numeral 19' shows the organic interlayer
insulation film after the ashing. The insulation resist-
ance value of the organic interlayer insulation film 19'
can be further increased by performing annealing after
the ashing or performing the ashing while annealing is
performed. Thereby, it is possible to prevent a leak cur-
rent between the upper layer interconnections 21a, 21b
to thereby reduce the power consumption of the semi-
conductor device.
[0048] It should be noted that the protection film 15
is formed between the semiconductor substrate 11 and
the organic interlayer insulation film 19 (19') in this
embodiment, but this is not necessary, and it is suitable
to omit the protection film 15 and to form the organic
interlayer insulation film 19 directly on the semiconduc-
tor substrate 11.
[0049] As the ashing of the organic interlayer insu-
lation film 19, there are, an ashing method performed by
reactive ion etching between parallel plate electrodes
using oxygen gas, a plasma etching method of perform-
ing ashing only with self bias of oxygen plasma, asking
with only radicals of oxygen (neutralization active oxy-
gen) which is activated by a radio-frequency power sup-

ply, an ashing method performed by ozone which is
produced by irradiating ultraviolet light to oxygen gas,
and so on.

[0050] For example, when performing the reactive
ion etching between the parallel plate electrodes, ash-
ing is performed for one minute at a radio-frequency
(RF) output power of 400W while the oxygen pressure
in the apparatus is kept at 5 Pa (pascal). Thereby, the
surface layer of the organic interlayer insulation film 19
shown in FIG. 4 is etched by about 100 nm to about 150
nm, thereby removing the charged-up layer 19a. The
resistance value between the upper layer interconnec-
tions 21a, 21b after the performance of such an ashing
is in the 1011 Ω to 1013 Ω range.
[0051] However, the organic interlayer insulation
film 19 demonstrates an insulation resistance value of
1014 Ω  or more when it is formed, which means that by
ashing alone the organic interlayer insulation film 19
has not been completely recovered from the plasma
damage.
[0052] This is because the surface of the organic
interlayer insulation film 19' after the ashing shown in
FIG. 5 is slightly electrically charged due to oxygen ions
and activated species of oxygen, during the ashing.
[0053] Therefore, it is suitable to perform annealing
following the ashing. As a method of the annealing,
there is a method which uses a high-temperature fur-
nace, a reflow furnace, or an oxidation furnace which is
used in the semiconductor fabrication process.
[0054] When a polyimide material is used as the
organic interlayer insulation film, annealing is performed
at a temperature from 100°C to 400°C. However, if the
organic interlayer insulation film does not deteriorate,
the beat temperature may be 400°C or more.
[0055] The organic interlayer insulation film 19' of
which the insulation resistance value has recovered to
1011 Ω to 1013 Ω by the ashing is subjected to annealing
for 30 minutes at an annealing temperature of 300°C at
one atmospheric pressure in the air atmosphere using a
high-temperature furnace, whereby the insulation
resistance value of the organic interlayer insulation film
19' became 1014 Ω or more. In other words, the value
became equal to the insulation resistance value right
after the formation of the organic interlayer insulation
film 19.
[0056] Incidentally, when the annealing is per-
formed, it is necessary that air, nitrogen, argon, helium,
hydrogen, or other gases exist at a gas pressure of 10-3

torr or more in the apparatus for performing the anneal-
ing.
[0057] In the experiment by the inventor, gas such
as air, nitrogen, argon, helium, hydrogen, or the like
were introduced into a vacuum apparatus and the pres-
sure in the apparatus was brought to less than 10-3 torr
and annealing was performed for 30 minutes at an
annealing temperature of 350°C, but it was impossible
to recover the insulation resistance value of the organic
interlayer insulation film 19' to 1014 Ω or more.
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[0058] This is because it is necessary that gas for
carrying the electrical charge exists at the surface of the
organic interlayer insulation film 19' in order for the elec-
trical charge of the surface of the organic interlayer
insulting film 19' excited by heat energy to dissipate.

[0059] Accordingly, when the pressure in the appa-
ratus for performing the annealing is less than 10-3 torr,
that is a vacuum, a probability of collision between the
gas for carrying electrical charge and the organic inter-
layer insulation film 19' is low, and thus the insulation
resistance value does not recover sufficiently.
[0060] On the other hand, as a result of performing
annealing under the condition that a temperature of
220°C or more was maintained for 10 seconds with a
maximum temperature of 230°C achieved in the air
atmosphere and a nitrogen atmosphere with a oxygen
concentration of 20 ppm or less using a reflow furnace,
the insulation resistance value of the organic interlayer
insulation film 19' which had been 1011 Ω to 1013 Ω by
the ashing could be brought to 1011 Ω or more.
[0061] The same effect can be obtained even if the
annealing is performed simultaneously with the asking,
thereby performing the annealing and ashing.
[0062] For instance, in the case where reactive ion
etching is performed between the parallel plate elec-
trodes, ashing is performed for one minute while the
semiconductor device is heated at a temperature of
100°C, the radio-frequency is set at 400 W, and the oxy-
gen pressure in the apparatus is kept at 5 Pa (pascal),
resulting in an insulation value of 1014 Ω or more
between the upper layer interconnections 21a and 21b
shown in FIG. 5.
[0063] The annealing and ashing is performed as
described above, and the surface layer constituting the
charged-up layer 19a of the organic interlayer insulation
film 19 shown in FIG. 4 is removed by the ashing so that
the organic insulation film 19 which is not electrically
charged is exposed to the surface and simultaneously
oxygen plasma and activated species of oxygen adher-
ing to the surface of the organic insulation film 19 due to
the ashing leave the surface of the organic insulation
film 19 by heat energy. Therefore, it is possible to pre-
vent the surface of the organic interlayer insulation film
19' after the ashing shown in FIG. 5 from being electri-
cally charged.
[0064] For instance, as a result of performing the
annealing and ashing for the organic interlayer insula-
tion film 19 which had received plasma damage for five
minutes at a temperature of 100°C at a vacuum degree
of 0.8 torr using a coaxial type barrel asher, the surface
layer of the organic interlayer insulation film 19 was
removed by about 100 nm in thickness, whereby the
insulation resistance value between the upper layer
interconnections 21a, 21b recovered to 1014 Ω or more.
[0065] The annealing and ashing has an effect at a
temperature of 50°C or more, and thus it is preferable to
perform the processing in a temperature range of 50°C
to 400°C when a polyimide material is used for the

organic interlayer insulation film. However, the heat tem-
perature may be 400°C or more if the organic material
does not deteriorate;

[0066] Here, examples of an apparatus for perform-
ing the annealing and ashing of the surface layer of the
organic interlayer insulation film 19 in the semiconduc-
tor device and an annealing and ashing method thereof
will be described with FIG. 6 to FIG. 9.
[0067] FIG. 6 and FIG. 7 show examples of the
apparatus for performing the annealing and ashing by
producing oxygen plasma between the parallel plate
electrodes.
[0068] In a chamber (a vacuum container) 30, a
lower electrode plate 31 and an upper electrode plate
32 in a parallel plate form are placed facing each other,
and a semiconductor wafer 10 on which many semicon-
ductor devices shown in FIG. 4 are formed is mounted
on the lower electrode plate 31. In the apparatus shown
in FIG. 6, radiofrequency power from a radio-frequency
(RF) power supply 34 is applied to the upper electrode
plate 32, and the lower electrode plate 31 is grounded.
In the apparatus shown in FIG. 7, radiofrequency power
from the radio-frequency (RF) power supply 34 is
applied to the lower electrode plate 31, and the upper
electrode plate 32 is grounded.
[0069] Moreover, a heater 33 is placed inside or
under the lower electrode plate 31 covered with an insu-
lation material and energized by the heater 35 to pro-
duce heat, thereby heating the semiconductor wafer 10
which is an object to be processed via the lower elec-
trode plate 31.
[0070] Oxygen (O2) is introduced from an inlet port
30a into the chamber 30, and exhausted from an
exhaust port 30b. Then, oxygen plasma composed of
oxygen radicals and oxygen ions is produced between
the lower electrode plate 31 and the upper electrode
plate 32 to collide the oxygen radicals and the oxygen
ions against the surface of the organic interlayer insula-
tion film which is formed on the semiconductor wafer 10
heated by the beater 33 by the self-bias thereof, thereby
performing the annealing and ashing.
[0071] In the case of the apparatus shown in FIG. 6,
the ashing is performed almost by oxygen radicals and
there are few oxygen ions which reach the wafer 10 and
act on the ashing. In the case of the apparatus shown in
FIG. 7, the ashing is performed by both oxygen radicals
and oxygen ions.
[0072] FIG. 8 shows an example of an apparatus for
performing the annealing and ashing using a coaxial
barrel asher. In this apparatus, semi-cylindrical elec-
trodes 41, 42 composed of a pair of semi-cylindrical
metal pieces, a quartz tube 43 which is slightly smaller
in diameter than the electrodes 41 and 42, and a metal
mesh cylinder 44 which is further smaller in diameter
than the quartz tube 43 are coaxially placed in a cham-
ber (a vacuum container) 40 in a prism shape, and the
semiconductor wafer 10 which is an object to be proc-
essed is placed while supported by a supporting mem-
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ber not shown in the metal mesh cylinder 44. The metal
mesh cylinder 44 is grounded via the chamber 40 made
of metal.

[0073] Infrared lamps are respectively provided
near four corners of the chamber 40 along a coaxial
direction, and the inside of the quartz tube 43 is heated
by turning on the four infrared lamps.
[0074] When oxygen is introduced from an inlet port
40a of the chamber 40, the oxygen enters the inside
from one end of the quartz tube 43, passes through the
inside, goes out from the other end, and is exhausted
from an exhaust port 40b.
[0075] At that time, when radiofrequency power at
about 400W is applied between the semi-cylindrical
electrodes 41 and 42 by a radio-frequency power supply
45, plasma by oxygen is generated in the quartz tube
43, whereby oxygen radicals and oxygen ions are pro-
duced. Out of those, the oxygen ions are trapped by the
metal mesh cylinder 44 which is grounded and vanish
not to enter the inside, and only the oxygen radicals
pass through the metal mesh cylinder 44 to reach the
semiconductor wafer 10 and perform the ashing for the
organic interlayer insulation film formed on the top face
of the semiconductor wafer 10.
[0076] At this time, since the inside of the quartz
tube 43 is heated by infrared irradiation by infrared
lamps 46, ashing and annealing for the organic inter-
layer insulation film on the semiconductor wafer 10 are
simultaneously performed. In this case, since the ash-
ing for the organic interlayer insulation film is performed
only by the oxygen radicals, there is no danger that ions
remain on the surface of the organic interlayer insulation
film after the processing, which is preferable.
[0077] FIG. 9 shows an example of an apparatus for
performing ashing by producing ozone.
[0078] This apparatus comprises: a metal tube 50
which is provided with an inlet port 50a and an exhaust
port 50b at both of its end portions and an elongated
window 50c made of quartz at the top portion of its
peripheral face; an ultraviolet lamp 52 provided adher-
ing to the outside of the window 50c; a heater 53
attached to the outer peripheral face of the metal tube
50, with insulation therebetween, on the opposite side
to the ultraviolet lamp 52; and a heater power supply 55
for energizing the heater 53.
[0079] A semiconductor wafer 10 which is an object
to be processed is placed on an inner face of the metal
tube 50 corresponding to a position at which the heater
53 is attached, and oxygen is introduced from the inlet
port 50a into the metal tube 50 and exhausted from the
exhaust port 50b.
[0080] At that time, the heater 53 is energized by
the heater power supply 55 to produce heat, thereby
heating the inside of the metal tube 50. Especially, the
semiconductor wafer 10 which is placed near the heater
53 is heated.
[0081] Moreover, the ultraviolet lamp 52 is supplied
with a current by a power supply not shown to emit light,

thereby irradiating ultraviolet light. The ultraviolet light is
irradiated into the inside of the metal tube through the
window 50c, thereby producing ozone O3 from oxygen
O2. The ozone collides against the organic interlayer
insulation film on the heated semiconductor wafer 10 to
thereby perform the ashing for the surface layer of the
organic interlayer insulation film.

[0082] The annealing and ashing is performed by
these apparatuses to recover the organic interlayer
insulation film on the semiconductor wafer 10 from
plasma damage, thereby increasing the insulation
resistance value of the organic interlayer insulation film
to 1014 Ω or more which is the initial value. Thereafter
the semiconductor wafer 10 is cut into individual chips
by dice cutting to make a plurality of semiconductor
devices into a chip form.
[0083] Alternatively, it is possible that semiconduc-
tor devices in a chip form are placed side by side and
subjected to ashing and the annelaing or the annealing
and ashing.

INDUSTRIAL APPLICABILITY

[0084] As has been described, according to the
present invention, in the semiconductor device in which
the interconnections are formed in multiple layers above
and below the organic interlayer insulation film as the
insulation film, the organic interlayer insulation film hav-
ing its insulation resistance lowered on receiving the
damage by plasma by sputter etching to be performed
to reduce the contact resistance between the lower
layer interconnections and the upper layer interconnec-
tions is subjected to ashing to thereby recover from the
plasma damage to increase the insulation resistance
value between the upper layer interconnections, thereby
preventing a leak current between the interconnections
and reducing the power consumption of the semicon-
ductor device, resulting in a reliable semiconductor
device.

Claims

1. A method of fabricating a semiconductor device in
which interconnections in a plurality of layers are
formed on a semiconductor substrate, in which an
integrated circuit is formed, with an organic inter-
layer insulation film as an insulation film; said
method comprising the steps of:

forming lower layer interconnections made of a
metal film on the semiconductor substrate;
forming the organic interlayer insulation film on
the semiconductor substrate on which the
lower layer interconnection are formed;
forming contact holes at required positions on
the lower layer interconnections by patterning
the organic interlayer insulation film;
cleaning the surfaces of the lower layer inter-
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connections exposed within the contact holes
by sputter etching;

forming upper layer interconnections made of a
metal film on the organic interlayer insulation
film and connecting to the lower layer intercon-
nections through the contact holes; and
recovering the organic interlayer insulation film
having its insulation resistance lowered on
receiving damage by plasma in said step of
cleaning the surfaces of the lower layer inter-
connections from the damage by performing
ashing for a surface layer thereof.

2. The method of fabricating the semiconductor
device according to claim 1,
wherein after said step of recovering the organic
interlayer insulation film from the damage by per-
forming asking for the surface layer thereof, the
step of further recovering the organic interlayer
insulation film from the damage by annealing is per-
formed.

3. The method of fabricating the semiconductor
device according to claim 1,
wherein in said step of recovering the organic inter-
layer insulation film from the damage by performing
ashing for the surface layer thereof, the ashing is
performed while annealing is performed.

4. The method of fabricating the semiconductor
device according to claim 1, wherein the ashing is
performed using oxygen plasma.

5. The method of fabricating the semiconductor
device according to claim 2, wherein the ashing is
performed using oxygen plasma.

6. The method of fabricating the semiconductor
device according to claim 3, wherein the ashing is
performed using oxygen plasma.

7. The method of fabricating the semiconductor
device according to claim 1, wherein the ashing is
performed using radicals of oxygen.

8. The method of fabricating the semiconductor
device according to claim 2, wherein the ashing is
performed using radicals of oxygen.

9. The method of fabricating the semiconductor
device according to claim 3, wherein the ashing is
performed using radicals of oxygen.

10. The method of fabricating the semiconductor
device according to claim 1, wherein the ashing is
performed using ozone which is produced by irradi-
ating ultraviolet light to oxygen gas.

11. The method of fabricating the semiconductor
device according to claim 2, wherein the ashing is
performed using ozone which is produced by irradi-
ating ultraviolet light to oxygen gas.

12. The method of fabricating the semiconductor
device according to claim 3, wherein the ashing is
performed using ozone which is produced by irradi-
ating ultraviolet light to oxygen gas.
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