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67 ABSTRACT

There is provided a barrier film preventing diffusion of
copper from a copper wiring layer formed on a semicon-
ductor substrate. The barrier film has a multi-layered struc-
ture of first and second films wherein the first film is
composed of crystalline metal containing nitrogen therein,
and the second film is composed of amorphous metal nitride.
The barrier film is constituted of common metal atomic
species. The barrier film prevents copper diffusion from a
copper wiring layer into a semiconductor device, and has
sufficient adhesion characteristic to both a copper film and
an interlayer insulating film.

10 Claims, 20 Drawing Sheets

7
NN N

f///

S@
N
7
N

Page 15 of 333



U.S. Patent  Mar. 25, 2003 'Sheetl of 20 US 6,538,324 B1
insdisvil/AN
e Maw/ara=ys

< ~, B
FIG. 1
(Prior Art)
- 8 7
o[ ]
5
. <> "§>'
FIG. 2
~ (Prior Art)

> 5a

FIG. 3
(Prior Art)

Page 16 of 333



U.S. Patent Mar. 25,2003  Sheet20f20  US 6,538,324 Bl

12b g 12 %
7

N MV,
1 ////\3/\/// S %

> 44 44 >

FIG. 4A

N

AN

FIG. 4B

Page 17 of 333



U.S. Patent

Mar. 25, 2003

Sheet 3 of 20

US 6,538,324 B1

R

7
o

Page 18 of 333



U.S. Patent Mar. 25,2003  Sheet 4 of 20 US 6,538,324 Bl

QP

' | — 32
23 ) ‘ v | |
_a I‘S NI S| [F—
21 | ,I\J S\ N o 25
Nl J_ -

60

~ 50
X
w
% 40
w
3 30
o
=
O 20
-
5 .
_ 4Pa
@ 4ot o .
o ] 1 1 1 1 ‘l | )
1 15 2 25 3 35 4 45 5
~ ASPECT RATIO

FIG.6

Page 19 of 333



BTN E «r;yiﬁ“‘

U.S. Patent Mar. 25,2003  Sheet 5 of 20 - US 6,538,324 B1

8

%
¢
/
Z
s

' SO

FIG.7

(L LS

%

37

11419
7\

/.

39

§>\\\\\\\\\ |

!
A
N

- 36

4
L\ 3
N\ LLLZ 7D
N ,

VAT 7 7

A7 e

a0

|
' \

Page 20 of 333



Sheet 6 of 20 US 6,538,324 Bl

U.S. Patent  Mar. 25,2003
1000 [ X y
1 13Pa, 3kW
800 : ]
& !
2 600 | . 13Pa, BkKW T
= 13Pa, 2kW | | -
t '
S 400 ! | ]
= P 13Pa, 8kW
2 ! B
7
-l X
o 200 i
, 0 ‘1‘ ~ L - L
2 4 6 8 10

Page 21 of 333

No/(Ar+N2) L OW RATE RATIO (%)

FIG.9



U.S. Patent  Mar.25,2003  Sheet 7 of 20 US 6,538,324 Bl

20000 — — .

15000 .
)
g | | (3-Ta(002)
> 10000 - N _
c
2
E
5000 | .
i A
05 30 35 40 45
20 (deg.)
5000 T | T
4000 - o :
~"B-Ta(002) i}
'é’. 3000 |
p TaN, ,(011)
2 2000 |
2
£
1000 | R AT N
N A |
25 30 35 40 45
20 (deg.)

FIG. 11

Page 22 of 333



U.S. Patent

Intensity (cps)

Page 23 of 333

Intensity (cps)

Mar. 25,2003  Sheet 8 of 20

US 6,538,324 B1

2000 l . ,
1500
1000 |
500 r Ta,N
0 oSk uhat U .
25 30 35 40 45
‘ 20 (deg.)
5000 : -
4000 | .
3000 .
2000 | | B i
Ta,N(113) or (041)
1000 F g -
TazN5(132)
-« .. or (042)
O + 1 4 ]
25 30 35 40 45
26 (deg.) '

FIG. 13



U.S. Patent Mar. 25,2003  Sheet 9 of 20 US 6,538,324 B1

300 T ] 1. . ”-1

250 |- -
5 200 | .
(o]
3
> 150F .
>
5 100 | -
o CRYSTALLINE
e .. 6'"- Ta & TaNO_1 ‘
0T S e
0 1 I.< » ] I’
0 2 4 6 8 10
~ RF Power (kW) o
2000 - 1 , , .
1500
’UT -
Q.
L .
> . i
= 1000 -
= .
(]
= ]
500 o TN |
0 —
25 30 35 40 45
20 (deg.) |

Page 24 of 333



U.S. Patent

‘Intensity (cps)

10000 . . .
TaNo_-l"
8000 (110)
6000
4000
2000 .
0 i A ._AJ
25 30 '35
- 26 (deg.) .
- 20000 . = q
TaN, ,(110)
15000 | N ]
10000 | T
5000 - | )
$-Ta(002) |
0 1 ,/\L :
. 25 30 35 40
20 (deg.)

Page 25 of 333

Intensity (cps)

Mar. 25, 2003

Sheet 10 of 20 =

US 6,538,324 B1

45



U.S. Patent

20000

15000

10000

Intensity (cps)

5000

Page 26 of 333

Mar. 25,2003 - Sheet 11 of 20 -

US 6,538,324 B1

T

T

TaN, ,

I\

25

30 3 40

20 (deg.) |

" FIG. 18

45



U.S. Patent

Page 27 of 333

- Mar. 25, 2003

Sheet 12 of 20

US 6,538,324 Bl




U.S. Patent |

Page 28 of 333



0. . R R
o C e e -
' ; 1 ' {:ﬂ‘}uq I )»

U.S. Patent - Mar. 25, 2003 ‘.‘:"'_:Sheét 14'.0-1"20 US 6,538,324 B1

Page 29 of 333



U.S. Patent  Mar. 25,2003  Sheet150f20 ~  US 6,538,324 Bl

Page 30 of 333



FIG. 23 -
42 23 20 “"‘41
($ 5

28. 26

21

FIG.24

Page 31 of 333



U.S. Patent Mar. 25,2003 Sheet 17 of 20 - US 6,538,324 B1

15

—

/ .

120

123/\/6’ :\\X N§ |44

ANV AV

NN
2ol )
279
N
N

Page 32 of 333



U.S. Patent = Mar.25,2003  Sheet 18 of 20 US 6,538,324 Bl

48 | 49

45 - 45

" FIG.27

Page 33 of 333



U.S. Patent

Page 34 of 333

FLUORINE CONCENTRATION

COPPER CONCENTRATION

(atoms/cm 3)

(atoms/cm J)

Mar. 25,2003 Sheet 19 of 20

US 6,538,324 B1

1023|  Barrier Film
MOCVD-Cu |

A

After Ahnealihg |
f-Ta

/)(TézN

N : [aNOJ

102"}

1019 (-

10"}

Deposition !
Ta,N
1015 -
0 500 1000
* DEPTH ()
107 | ! Barrier Film
- After Annealing
1021} :
1019 [MOCVD- U
1017 | Just After Film \ o
Deposition e Q '
1015 L ™ N R EL LJAJ"‘ l 1
0 500 : 1000
'~ DEPTH (a) -

 FIG.29



U.S. Patent Mar. 25,2003 Sheet 20 of 20 - US 6,538,324 B1

. 8
=<
| NS _ /\/ "
12b | :Wy
NN /////‘i @ /
a 2\ N/ DN
Y AN 0
| \/;; | - _, >4 I S
FIG. 30
NS
| 7 \/ z<-\_~v53
E' \ﬁ _'/\/' \17
" \

/

11

Page 35 of 333



1

MULTI-LAYERED WIRING LAYER AND
METHOD OF FABRICATING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a semiconductor integrated circuit
including a copper wiring layer, and more particularly to a
barrier film which prevents copper diffusion from such a
copper wiring layer.

2. Description of the Related Art

As a semiconductor device has been designed io be
smaller and smaller in size, wiring delay exerts greater
influence on a silicon ULSI device. As a result, though a
wiring layer has been composed of aluminum, it'is necessary
1o compose a wiring layer of copper in place of aluminum.

Resislivity of copper is equal to about 70% of resistivity
of aluminum. However, since copper does not form passive
state composed of an oxide film, at a surface thereof, unlike
aluminum, copper is more corrosive than aluminum.

In addition, since copper has a high diffusion rate in both
silicon (Si) and silicon dioxide (SiO,), if copper enters

MOSFET formed on a silicon substrate, copper would

induce reduction in carrier lifetime.

Hence, it is absolutely necessary for a semiconductor
device having a. copper wiring layer to have a diffusion-
barrier film for preventing diffusion of copper into an
interlayer insulating film formed beiween copper wiring
layers. In addition, since such a diffusion-barrier film has to
have high adhesion characteristic to both an interlayer
insulating film and a copper wiring layer in order to keep
reliability in wiring.

Thus, there have been made many suggesnons ‘about a

structure of a barrier metal layer and a method of fabricating >

the same, in order to prevent copper diffusion form a copper
wiring layer.

For instance, a structure of a barrier metal laycr is

’euggested in the following articles: -
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(a). Semiconductor World, Nobuyoshl Awaya, February

1998, pp. 91-96 (hereinafter, referred to as Prior Art 1);
(b) Advanced Metallization and Interconnect Systems for
ULSI Applications in 1997, Kee-Won Kwon et al,,

1998, pp. 711-716 (hereinafter, referred to Prior Art 2);
" (c) Journal Electrochemical Socmly, M. T. Wang et al,,
July 1998, pp. 2538-2545 (heremaflnr referred to as
Prior Art 3); and ;
(d) 1998- Symposium on " VLSI ‘Technology. Digest of
. Technical Papers, D. Denning et al., 1998, pp. 22-23.
In addition, a structure of a barrier metal layer and a
method of fabricating the same both for preventing copper

‘diffusion is suggested also in Japanese Unexamined Patent

Publications 8-139092, 8-274098, 9-64044 and 10-256256,
and Japanese Patent Application No. 10-330938. Herein,
Japanese Patent Application No. 10-330938 is not published
yet, and hence does not constitute prior art fo the present

_ invention. However, it is explained in the specification only

for better understanding of the present invention. The appli-
cant docs not admit that Japanese Patent Application No.
10-330938 constitutes prior art to the present invention. -

It is quite difficult to dry-etch copper, and hence, a copper
wiring layer is formed generally by chemlcal mcchamcal
polishing (CMP).

~. Specifically, a copper wiring layer is formed as follows

An insulating film is formed on an underlying copper
wiring layer. Then, the insulating film is formed with a
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recess and a through-hole reaching the underlying copper
wiring layer. Then, a thin diffusion-barrier film is formed on
surfaces of the recess and the through-hole therewith siich
that the recess and the through-hole is completely covered at
surfaces thereof with the diffusion-barrier film in order to
prevent copper diffusion from uncovered region.
Thereafter, a copper film is deposited filling the recess and
the through-hole therewith by CVD or sputtering. Then, the
copper film and the diffusion-barrier film are removed in
selected regions by CMP. Thus, a copper wiring layer is

completed.

As will be obvious to those skilled in the art, the diffusion-
barrier film is required to have high coverage as well as
capability of preventing copper diffusion and adhesion to
copper.

The diffusion-barrier film is composed, for instance, of
refractive metal such as tungsten (W), tantalum (Ta) or
titanium (Ti), or nitride of such refractive metal such as
tungsten nitride (WN), titanium mmde (TiN) or tantalum
nitride (TaN).

As.explained in Prior Art 2, for instance, a tantalum (Ta)
barrier film has high adhesion with a copper film formed on
the tantalum barrier film by sputtering, ensuring improve-
ment- in crystallinity of the copper film. However, since
copper is diffused into the tantalum film, it would be
necessary for the tantalum barrier film formed below the
copper film, to have a thickness of 50 nm or greater.

Prior Art 4 reports that if a copper film is formed on a
tantalum film by CVD, fluorine (F) segregates at an interface
between the copper ﬁlm and TaN, resulting in degradation in
adhesion therebetween.

Prior Art 3 reporis that a crystallme TaN barrier film
oriented in directions of (200) and (111) can prevent copper
diffusion mere highly than a crystalline Ta barrier film.

As an solution to enhance a characteristic of preventing
copper diffusion and adhesion to copper, a multi-layered
structire of a metal film and a metal nitride film has been
suggested. =

For instance, the above-mentioned Japanese Patent Appli-
cation No. 10-330938 has suggested a method of fabricating
a multi-layered barrier film including a titanium film and -
formed by sputtering.

As illustrated i in FIG 1,in accordancc with the suggested
method, only an argon gas is introduced into a sputter
chamber to thereby form a titanium film 1. Then, a nitrogen
gas is introduced into ‘the - sputter, chambgr, and & thin
titanium nitride film 2 is formed on the titanium film 1

'aux111ar11y making use of reaction betweer titanium and

nitrogen. . Thus, there is formed -a multi-layered barrier

‘structure 3 comprised of the titanium film 1 and the thin

“-titanium nitride film 2.
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In the method, a metal oxide film formed on an underlying
wmng ﬁlm is removed by argon plasma prior to- carrying out
sputtcrmg

However, the conventional barner film for preventing
copper d1ffus1on is accorapanied with the following prob-
lems. |

The first problem is that it is quite dlﬁicult to make a
diffusion-barrier film Have both a characteristic of prevent-
ing éopper diffusion and a sufficient adhesive force with
copper. . )

- As illustrated in FIG. 2, it is now assumed to form a metal
film § having a crystallized pillar structure, on a semicon-
ductor substrate 4. In the metal film 5, a lot of grains each
comprised of individual erystals, and grain boundaries 7

" each defining an interface between the grains 6 exist

throughout the metal film 5, that is, from an upper surface to
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a bottom of the metal film 5. The grain boundaries 7 define
paths 8 through which coppet is diffused. As a result, the
metal film 5 has low barrier characteristic of prcvemmg
copper diffusion.

As illustrated in FIG. 3, it is now assumed to form a metal
film Sa on a semiconductor substrate 4. If the metal ilm Sa
is composed of metals having small resistivity, such as
tungsten (W), titanium (Ti) or tantalum (Ta), the metal film

5 would have a polycrystal structure. As a result, the metal

film Sa would have a pillar-like structure similarly to the
metal film 5 illustrated in FIG. 2; and accordingly, the metal
film 5a would have small barrier characteristic of prcveming
copper diffusion.

However, it should be noted that if a coppor film is formed
on a crystalline metal film, such as a B-Ta (002) film as
obtained in sputtering of a tantalum film, by sputtering, the
copper film would have high adhesion and rich crystal
orientation, though a barrier characteristic of preventing
copper diffusion would be deteriorated. As a result, the
copper film would enhance reliability in copper wiring,.

In contrast, the metal film 5a illustrated in FIG. 3, which
is composed of particles 9 such as amorphous TaN and
formed on the semiconductor substrate 4, has small
resistivity, specifically in the range of about 200 to 250
4Qcm, and does not have the paths through which copper is
diffused unlike the crystalline metal film 5 illustrated in FIG.
2. As a result, the metal film 5a would have high barrier
characteristic of preventing copper diffusion. '

Howeéver, since a surface of the metal film 5a is amor-

" phous and hence crystal lattice is not uniformly arranged, if
a copper film s formed on the amorphous metal film Sa by
CVD or sputtering, copper crystallinity and adhesion to
copper are degraded.

As mentioned so far, it is quite drﬂicult to form a
diffusion-barrier film having a single-layered structure comn-
prised only of a crystalline metal film or an amorphous metal
nitride film, and further having high barrier- characlcrrsllc of
preventing copper diffusion and high adhesion to copper.

The. second problem is caused when a diffusion-barrier
film 1s desrgncd to have a multi-layered structure in order to
avoid the above-mentioned problem of the sml,le-layercd
diffusion-barrier film.

For instance, if a‘diffusion-barrier film is designed to hiave
a multi-layered structure comprised of a crystalline metal
film having high adhesion to copper and an amorphous
metal nitride film having high barrier characteristic, such as
TaN, there would be obtained a diffusion-barrier film kaving
high barrier characteristic of preventing copper drffusmn and
high adhesion to copper.

However, since it was not possible in a conventional
method to successively form a crystalline metal film and an
amorphous metal nitride film by sputtering, the crystalline
metal film and the amorphous meta! nitride film had to be
separately formed in the same sputtering chamber or be
formed in separate sputtering chambers.

For instance, the above-mentioned Japanese Patent Appli-
cation No. 10-330938 has suggested a method including the
steps of introducing an argon gas into a spultering chamber
to thereby forrn a titanium film, and introducing a nitrogen
gas into the sputtering chamber to thereby form a titanium
nitride film on the titanium film.

However, in accordance with this method, the titanium
nitride film cannot be formed until pamal pressures of argon
and mtrogcn become stable by varying a mixture ratio of
argon and nitrogen. Hence, it is impossible to enhance a
fabrication yield of fabricating a diffusion- barner flm hav-
ing a multi-layered structure.
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The third problem relatcs to coverage of a film formed by

" sputtering.

In general, when a metal film or a metal nitride film is
formed by sputtermg, a metal target is sputtered by argon
plasma generated by virtue of rotational magnetic field and’
application of DC bias, and resultingly, a metal film or a
metal nitride film is deposited on a substrate located in
facing relation to the metal target.

In sputtering, a pressure at which a metal target is sput-
tered is low, specifically, equal to 1 Pa or smaller. Since
metal particles sputtered by argon plasma ar¢ radiated ran-

:domly to a surface of a substrate, for instance, if the

substrate is formed at a surface thereof with a deep recess or
hole, it would almost unpossrble to deposit a. metal film such
that such a recess or hole is completely covered with the
mietal film..

" In addition, since a sputtering pressure is low, argon
plasma could have a low plasma density, and hence, there
cannot be expected re-sputtering effect in which a metal film
deposited onto a surface of a substrate is sputtered by argon
plasma

" In order to enhance coverage of a metal film, there has
been suggested collimate sputtering in which a melal plate
formed with a lot.of through-holés is located between a
sputtering target and a substrate, and metal particles are
caused to pass through the through-holes.to thereby uniform

direction of metal particles. In accordance with the collimate

sputtermg, it is possible to deposit a metal film on a bottom
of a recess formed at a surface of a substrate, but it is not
possible to deposit a metal film onto an inner 51dewa11 of the
recess.

The fourth problem is that'a crystallme metal film having
high adhesion with a copper film tends to react with atmo-
sphere to lhcreby a reaction laver at a surface thercof.

Such a reaction layer would much detenorate adhesion of
a metal film with a. copper film.

The fifth problem is a copoer oxide ﬁlm is adhered again
to a recess or hole.” "™

"An oxide film formed on'a surface or an underlyrug wiring
metal film is removed by argon plasma prior to deposition of
a diffusion-barrier film by sputtering. When an underlymg
wiring layer is composed of copper, a copper oxide film is
scattered by argon- spullenng, and as a result, the thus
scattered copper oxide is adhered again to a recess or hole.
formed at a surface of an insulating film.

The sixth problem is that when a copper film is formed on
a tantalum film and an amorphous TaN film by CVD,
adhesion between the. copper film and a drifusron barrier
film is deteriorated.

SUMMARY. OF THE INVENTION
In view of the above-mentioned problems in a conven-
tional diffusion-barrier film, it is an object of the present
invention to provide a diffusion-barrier film having both a

diffusion-barrier characteristic of preventing copper from

being diffused into’a semiconductor device and high adhe-
sion between a copper film and an interlayer insulating film.

It is also an objcct of the present invention to provide a
multi- ldycred wiring’ structure 1nc1ud1ng the above-
mentioned diffusion-barrier film.

. Another Ob]CCl of the present invention is to provide a
method of fabricating such thc above- mentloned diffusion-
barrier film.

A further object of the present invention is to provide a
method of fabriudling a multi-layered copper wiring layer in
which' copper is-buried above the above- mentioned
drﬁusrou-bamer film.
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In one aspect of the present invention, there is provided a
barrier film preventing liffusion of copper from a copper
wiring layer formed on a semiconductor substrate, including
a multi-layered structure of first and second films, the first
film being composed of crystalline metal containing nitro-
gen therein, the second film being composed of amorphous
metal nitride, the barrier film being constituted of commor:
metal atomic species. :

-+ Itis preferable that the first film is formed on the second
film.

It is preferable that the second film has a thickness in the
range of 80 angstroms to 150 angstroms both inclusive.

It is preferable that the first film has a thickness in the
range of 60 angstroms to 300 angstroms both inclusive.

In another aspect of the present invention, there is pro-
‘'vided a multi-layered wiring structure including a barrier
film which prevents diffusion of.copper from a copper
wiring layer formed on a semiconductor substrate, the
barrier film having a multi-layered structure of first and
second films, the first film being composed of crystalline
metal containing nitrogen therein, the second film being
composed of amorphous metal nitride, the barrier film being
constituted of commor metal atomic species.

It is preferable that the barrier film covers a recess and a
hole formed throughout an insulating film formed on an
underlying wiring layer.

It is preferable that the multi- layered wiring structuré
further includes a copper film formed on the first film.

In still another aspect of the present invention, there is
provided a method of forming a diffusion-barrier film by

sputtermg, including the steps of (a) preparing gas contain- -

ing nitrogen therein, and (b) varying only power of an
electric power source for generating ‘plasma to- thereby
successively form a diffusion-barrier film having a multi-
layered structure of first and second films, the first film being
composed of crystalline metal containing nitrogen therein,
the second film being composed of amorphous metal nitride,

6.

being kept at a constant; and (b) setting the electric power
souice to.generate power having a second value greater than
the first value at the moment when the first film is formed by
a predetermined. thlckness to thereby form a second film on
the first film.

It is preferable that lhe first film is composed of amor-
phous mietal nitfide, and. the second film: is composed of

. crystalline metal containing nitrogen therein.
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the barrier film being constituted of metal atomic species of

sputter target.
Itis preferable that the gas containing nnrogcn therein has
a pressure equal to or greater than 5 Pa.

It is preferable that the gas contams nitrogen at 10 volume
% or ‘smaller. .

It is preferable that the metal atomic species of sputter:

target is one of tantalum, tungsten, titanium, molybdcnum
and niobium alone or in combmalron

It is preferable that the second film has a thickness in the

'range' of 80 angstroms to 150 angstroms both inclusive.

It is preferable that the first film has a thickness in the
range of 60 angstroms to 300 angstroms both inclusive.
There.is further provided a method of forming a diffusion-
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barrier film by RF magnetron sputtering making use of .

rotational magnetic field and RF power, including the steps
of (a) preparing gas containing nitrogen therein, and (b)
varying the RF power to thereby successively form a
diffusion-barrier film having a multi-layered structure of first
and second films, the first film be1ng composed of crystalline
metal containing nitrogen therein, th¢ second film being
‘composed of amorphous metal nitride, thc barrier film being
constituted of metal atomic species of sputter target,

There is still further provided a method of forming a
diffusion-barrier film by RF magnetron sputtering, including
the steps of (a) setting an electric power source for genera-
tion plasma to generate power havmg a first value, to thereby

a first film, with, a' concentration of nitrogen in plasma gas

55
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There is yet further provided a method of forming a

. copper wiring film, including ‘the steps of (a) radiating

plasma of argon containing hydrogen therein, to a recess or
hole formed at an insulating film formed on a semiconductor
substrate, (b) forming -a diffusion-barrier film to cover the
recess or hole therewith without exposing to atmosphere, the
diffusion-barrier film having a multi-layered structure of first
and second films, the first film being composed of crystalline
metal containing nitrogen therein, the second film being
composed of amorphous metal nitride, and (c) forming a
copper film on the diffusion-barrier film without exposing to
atmosphere.

It is preferable that the dlffuslon barrier film is formed by
sputtering. -

lt is preferable that the copper film is formed in vacuum.

It is preferable that the copper film is formed by thermal
chemical vapor deposruon in which thérmal dismutation in
a complex of organic metal i is utitized.

It is preferable that the copper film is.formed by sputtenng
in which copper target is used. .

The advantages obtained by the aforementloncd prescnt
invention will be described hereinbelow.

In the-diffusion-barrier. film in accordance with the present
invention, a copper film makes direct contact with a crys-

 talline metal film containing nitrogen therein, ensuring high

adhesion 1herebetween and high crystalhmty of a copper
ﬁlm

In addition, since the metal film contains mtrogen therein,
copper diffusion into a semiconductor device can be pre-

vented ‘more effectively ' than “a melal film having pure

crystals.. )
In the drifusron-bamer film in accordance with the present
vention, an amorphous metal film containing nitrogen
lherein lies under a crystalline metal film containing nitro-
gen therein. Hence, it is possible to effectively prevent
copper diffusion, and to ensure high adhesion with an
underlvrng insulating film such as a silicon dioxide film.
That is, by forming a copper wiring layer on the diffusion-
barrier film in acdordance with the present invention, it is
possible to not only ensure high crystallinity and high
adhesion of a copper \vmng layer, but also to prevent copper
diffusion. :

The method in accordance wrth the present invention
makes it possible to successwely form a diffusion-barrier
film having -a multi- layered structure of first and second
films, by varying only power of an electric power source for
generating plasma in sputtering in which gas contarmng
nitrogen-therein is employed. Herein, the first-film is com-

‘posed of crystalline metal containing nitrogen therein, and

the second film is composed of . amorphous metal nitride.
The barrier film is constituted of metal atomic' species of
sputter target.

Spec1ﬁcally, an electrlc power source for generating
plasma is first set to generate relatively low power with a
concentration of nitrogen in plasma gas being kept constant.
A film is formed in such a condition. Target metal makes
sufficient reaction with nitrogen, and resultingly, an amor-
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phous metal nitride film is formed. Immediately after the
formation of the amorphous metal nitride film, the electric
power source is set to generate relatively high power to
thereby form a film without allowing sufficient time for
reaclion between nitrogen and target metal. As a result, there

-is 'obtained a crystalline metal film containing mtrog,en
therein. .

Thus, it is posmble to successively form a diffusion-
barrier film in the same chamber, wherein the diffusion-
barrier film has a multi-layered structure including a crys-
talline’ metal fiim containing nitrogen therein and an

-amorphous metal pitride film.

The, method of fabricating a diffusion-barrier film
-employs RF magnetron sputtering in which rotaticnzl mag-
netic field and RF power are utilized. Since the method
_ makes it possible to carry out sputtering where a nitrogen-
containing gas has a pressure CQUal to or greater than 5 Pa,
plasma density of argon which is a main constituent of
sputtering gas can be enhanced, and thus, there can be
obtained coverage for entirely covering a recess or hole
formed at a surface of a substrate, with the diffusion-barrier
film.

The method of fabncalmg a diffusion-barrier film, in
accordance with the present invention, includes the step of
radiating plasmea of argon containing hydrogen therein, to a
recess or hole formed at .an insulating film formed on ‘a
semiconductor substrate. This step reduces a copper oxide
film formed on a surface of an underlying copper wiring
layer, to thereby turn.copper oxide back to copper, ensuring
remarkable reduction in re-sputtering of a copper oxide film
to a surfacc of a‘recess or hole formed at a surface of an
insulating film.

Then, a diffusion-barrier. film is formed to cover the récess
or hole therewith without-exposing to atmosphere, wherein
the ‘diffusion-barrier film has a multi-layered structurc of
first and second films, the first film being composed of

- crystalline metal containing nitrogen therein, the second filra
-being composed of amorphous metal nitride. Then; a thin
copper_ film is.formed on the diffusion-barrier film in
vacuum. As a Ttesult, there is obtained a multi-layered
structure’ cornpn'sed of the diffusion-barrier film and -the
" copper wiring film without a metal oxide layer bemg sand-
wiched therebetween.

The above and other objects and advantageous features of
the -present invention will be made apparent from the fol-
Iowmg, dcscr1puon made with reference to the accompany-
ing drawings, in which like reference characters designate
the same or similar parts throughout the drawings..

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of a.conventional copper
wiring structure. .

FIG. 2 is a cross- sectlonal view of another conventlonal
copper wiring structure.

FIG. 3 is a cross-seciional view of strll,another conven-
tional copper wiring structure.

cating lhe same.
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FIG. 4A is a cross-sectional view of a diffusion-barrier .

film in accordance with the first embodiment of the present
invention, illustrating the first step of.a method of fabricating
the same.

FIG. 4B is a cross-sectional view of a drffusron barrler
film in accordance with the first embodiment of the present
invention, illustrating the second slep of a method of tab-
ricating the same.

FIG. 4C is a cross-sectional view of a dltfusmn-bamer
film in accordance with the first embodiment of the present
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. 8
invention, 11]ustral1r1g the third step of a method of fabri-
cating the same.

FIG. 4D is a cross-sectional view of a diffusion-barrier
film in accordance with the first embodiment of the present
invention, illustrating the. fourlh step of a method of fabri-

FIG.'5 illustrates a hlgh-pressure RF .magnetron spuiter-
ing apparatus used in the first embodiment.

FIG. 6 is a graph showing coverage characteristic of a
tantalum film in high-pressur¢ RF magnetron sputtering.

FIGS. 7 and 8 .are cioss-sectional views of 2 recess
covered with a tantalum ﬁlm in high-pressure RF magnetron
sputtering.

FIG. 9 is a graph showmg a relation among a ratio of a
nitrogen gas in a mixture gas introduced into a chamber, RF
power, and resistiviiy of a film formed by sputtering.

FIGS. 10 :o 18 are graphs each showing film quality and
characteristica of TaN and Ta films in high-pressure RF
magnétron sputtering.

FIGS.- 19 and 20 aré photographs of a film formed by
high-pressure RF magnetron-sputtering which photograph is
taken by means of a scanning electron microscopy (SEM).

FIG. 21 is a cross-sectional view of a diffusion-barrier
film formed by high-pressure RF magnetron sputiering
which bzrrier-diffusion film is comprised of a crystalline Ta
film containing nitrogen in solid solution and an amorphous
metal TaN film.

FIG. 22 is 4 photograph of a film formed by hlgh-pressure
RF " magnétron spultermg which photograph is taken by
means of a scanning electron microscopy (SEM).

" FIG. 23 is a cross-sectional view of a dlffuswn harrier
film covering a recess. therewith.

FIG. 24 illustrates a DC magnetron sputtering apparatus
used in the fourth embodiment.

FIG. 25 is- a cross-sectional’ view ‘of a diffusion-barrier
film covering a recess forméd at a surface of an insulating
film formed above a lower wiring layer.

FIG. 26 is a cross-sectional view of a diffusion-barrier
film covéring a recess formed at a surface of an insulating
film forméed above lower wiring layets. .

FIG. 27 is a plan view of a cluster apparatus used for
forniing a copper wiring layer.

FIG: 28 is a graph showing a diffusion proﬁle of fluorine
into a diffusion-batrier film.

FIG. 29 is a graph showing a drﬁ?usron profile of (.opper
into a diffusion-barrier film.

FIG. 30 is a cross-sectional. view’ of a- copper wrrmg
structire in"accordance with the seventh embodiment. -

FIG. 31 is a cross-sectional view of a copper wiring
structure in accordance with the seventh embodimeul.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred'embodlments in accordance w1th the present
invention will be explained herembclow with reference to
drawings.

A method of fabricating a diffusion-barrier film in accor-
dance with the preferred embodiment is explained herein-
below with reference to FIGS. 4A to 4D.

As illustrated in-FIG. 4A, a first -insulating- filin 12a is
formed on a semiconductor substrate 11, and a second
insulating film 125 is formed on the first insulating film 12a.
A copper wiring layer 44 is buried in the first insulating film
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12a. The second insulating film 12b is formed at a surface
thereof with recesses 13 in each of which a wiring is to be
formed. Holes 14 reach the first insulating film 12a from a
bottom of each of the recesses 13. :

First, the semiconductor substrate 11 is exposed to argon
plasma containing hydrogen therein, in a first chamber.

Then, the semiconductor substrateé 11 is transferred in
vacuum to a second chamber; and a film is formed cn the

semiconductor substrat¢ 11 in a nitrogen-containing gas by

sputtering in which a sputtering target is composed of
refractive metal.

First, an electric power source for generating plasma is set

US 6,538,324 B1

In the illustrated RF magnetron sputtering apparatus, a
chamber 21 is Kept to be in vacuum, specifically, to have an
internal pressure of about 1x1077 Pa to about 1x10-6 Pa by
means of a pump 33 such as a dry pump, a cryosorption
pump or a turbo pump. In the chamber 21 is placed a heater
34 which can heat a semiconductor substrate 22 introduced

- into the chamber 21, 11p_ te. about 20 to 300 degrees centi-

to generate relatively low power with .a concentration of

nitrogen in plasma gas being kept constant. As a result, the
target metal makes sufficient reaction with nitrogen, and -an
-amorphous metal nitride film 15 is deposited over a surface

- of the second insulating film 12b, as illustrated in FIG. 4B. -

Then, immediately after the formation of the amorphous
metal nitride film 15, the electric power source is set to
.generate relatively high power to thereby form 4 film
without allowing sufficient time for reaction between nitro-
.gen and the target metal. As a result, a crystalline metal film
16 containing nitrogen therein is formed on the amorphous
metal nitride film 15.

Thus, as illustrated in FIG. 4B, it is possible to succes-
sively and effectively fabricate the diffusion-barrier film 17
having -a. multi-layered structure, on both an inner sidewall
and a bottom of the recesses 13 and the holes 14 i in the same
chamber. By setting a sputtering pressure sufficiently high
while "deposition of the diffusion-barrier film 17 by
sputtering, it would be possible to enhance coverage of the
“diffusion-barrier film 17.

Thereafter, the semiconductor. subStrale 11 is transferred.

into a third chamber in vacuum. Then, a copper film 18 is
deposited over the diffusion-barrier film 17 in vacuum in the
third ¢chamber to thereby completely fill the recesses 13 and
the holes 14 with the copper film 18, as illustrated in FIG.
4C. Since the crystal metal film 16 containing: nitrogen
therein is exposed outside and the semiconductor substrate
11 is transferred in vacuum, an oxide film is-not formed at
a surface of the crystal metal film 16.

Then, as iilustrated in FIG. 4D, the d1ﬂhsmn-bamer film
17 and the copper film 18 are removed by CMP until the
second insulating film 12b appears. Thus, there is obtained
-a copper wiring structure having high reliability.

The reason of enhancement in barrier characteristic of
preventing copper dlﬁusmn is to introduce nitrogen into the
metal film 16. In addition, the metal film 16 containing
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nitrogen ensures high adhesion with copper. The amorphous

metal nitride film 15 also has a characteristic of preventing :

copper diffusion, and further enharices adhesion with the
second insulating film 12b. Thus, it is possible to ensure high
adhesion between the copper film 18 and the diffusion-
barrier film 17, and to prevent copper from being diffused
from the copper film 18 into the second insulating film 12b.

Hereinbelow are ‘¢xplained detailed examplés of the
‘above- mentioned embodiment. '

FIRST EXAMPLE

1o the first exdample, hereinbelow is explained sputtering
for fabricating a multi-layered structure comprised of a

crystalline metal film containing nitrogen lhercm and an’

amorphous metal nitride film.

The sputtering in the first example is carried out in'a RF
magnetron sputtering apparatus illustrated in FIG. 5.
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grade: A metai target 28 or the semiconductor substrate 22
is designed to-be able to raise or lower, and hence, a distance
between the metal target 28 and the semiconductor substrate
22 can be. varied in the range of 102 mm to 134 mm.
Argon and nitrogen gases are adJusted ‘with respect to a
flow rate by means of ‘mass flow coctrollers 31, and then,
introduced into the chamber 21. When the argon and nitro-
gen.gases are introduced into the chamber 21, the chamber
21.has an internal pressure of about 2 Pa to about 17 Pa.
The metal target 28 has a diameter, for instance, in the
range of about 300 mm fo about:320 mm. The metal target
28 is fixed to the chamber 21 through a target holder 27, a
cathode 23 and insulators 29. In the cathodes 23 are rotat-
ably arranged a plurality of permanent magnets 24. By
rotating the permanent magnets 24, magnetic field 30 in the
chamber 21.is uniformized, and erosion at a surface of the

* metal target 28 is also uniformized. As a result, it is possible

to enhance uniformity of a film to be formcd on the
semiconductor substrate 22. :

" AREF electric power 'source 25 for introducing RF power
into the chamber 21 is in electrical connection with the
cathode 23 through a matching box 32 carrying out imped-
ance matching. The RF electric power source 25 applies
radio frequency (RF) having a frequency-of 13.56 MHz to
the metal target 28 having a d1ameler of 300 mm, at 0 to 10
kW.

Turning the RF electric power source 25 on to thereby
introduce KF into the chamber 21, there is generated argon
plasma containing nitrogen therein. The target metal 28 is
sputtered by-argon ions generated in the argon plasma 26. As
a result,-metal particles of the target metal 28 fiy into the
semiconductor substrate 22, and thus, the crystalline metal
film 16 containing mtrogcn therein or the amorphous metal

‘ nitride film 15 is formed."

The inventor actually formed.a tantalum -film covering
therewith  the -hole 14 (see FIG. 4A) formed. through the
second insulating film 125 by means of the above-mentioned
RF niagnetron sputtering apparatus. The coverage charac-
teristic of the tantalum film is shown in FIG. 6.

The hole 14 had a diameter in the range'of 0.3 um to 1.5
um. The second insulating fitm 125 had a thickness of about
1.5 um where the hole 14 was formed.

As is cbvious in view of FIG. 6, as a sputtering prcssure
is increased from 2 Pa to 17 Pa, bottom coverage is
enhanced. Herein, bottom coverage is defined as a ratio of a
thickness of the tantalum film at a bottom of the hole 14 to
a thickness of thé tantalum film at a surface of the second
insulating film 12b. Specifically, when a sputtering pressure
is over 5 Pa, sufficient coverage can be obtamed to a hole
having a great aspect ratio.

A thickness of the tantalum film at an inner sidewall of the-
hole 14 is equal to about a half of a thickness of the tantalum
filmat a bottom of the hole 14. As a sputtering pressure is
increased, the tantalum film covers an inner sidewall of the
hole 14 therewith to a greater degree.

The reason of this phenomenon is considered as follows.

The first réason is an mcrcase in the number. of Ta ions in
plasma gas as illustrated in FIG 7.



US 6,538,324 B1

11 :
As.a sputtering pressure is increased, tantalum atomics
increasingly make collision with excited argon atomics,
resulting in that argon atomics are facilitated to be ionized.
The resultant tantalum jons are attracted to negative self-bias
generated at the semiconductor substrate 22. As a result, an

incident angle at which tantalum ion flux 35 is radiated to the

semiconductor substrate 22 becomes nearly 90 degrees.
Thus, ovcrhangmg which occurs in the v1c1mty of an edge
of recess or hole in conventional sputtering is suppréssed,
ensuring tantalum atomics to reach a bottom of the hole 14
or recess 13. As a result, a tantalum film 36 entirely covers
an inner sidewall of the hole 14.

The second reason is that the deposited tantalum film 36
is re-sputtered by argon ions 39, as illustrated in FIG. 8.

The argon ions 39 which are primary constituents of
plasma gas are accelerated by electric field and reach not
only a target but also the semiconductor substrate 22 which
is in a condition of negative self-bias. This means that the
tantalum film 36 having been deposited onto the semicon-
ductor substrate 22 is re-sputtered. Since the tantalum film
deposited in the vicinity of an edge of the hole 14 or recess
13 and causing overhanging is re-sputtered by the argon ions
39, as indicated with an arrow 37, tantalum atomics 38
directing to a bottom of the hole 14 or recess 13 are not
interfered at the edge of the hole 14 or rscess- 13.
Accordingly, it is ensured that a tantalum film is deposited
on a bottom and an inner sidewall of the hole 14 or recess
13.

In addition, since the tantalum film 36 deposited on a
bottom of the hole 14 or recess 13 is re- sputtered by the
argon ions 39, tantalum atomics generated by re-sputtering
are deposited again on an inner sidewall 40 of the hole 14 or
recess 13, ensuring enhancement in coverage at the sidewall
40 of the hole 14 or recess 13.

It is not possible to.determine which is a main reason for
enhancement in coverage among the above-mentioned first
and second reasons. However, since mean free path of
plasma ion is just a few millimeters under a pressure over 5
Pa, it is considered that almost 90 degrees of an incident
angle of the tantalum ion flux 35 does not contribute to
enhancement in coverage so much. The main reason why the
coverage is enhanced is considered that argon. ions are
generated in a sufficient density by virtue of a high pressure,
and a tantalum film having been deposited are re-sputtered
by the argon ions.

In accordance with. the expenments the inventor had
conducted, it was confirmed that coverage was enhanced in
sputitering of a tantalum nitride film, carried out undcr a high
pressure over 5 Pa.

As mentioned so far, it is preferable that a sputtering
pressure is set equal to or greater than 5 Pa in RF magnetron
sputtering. : :

SECOND EXAMPLE

FIG. 9 shows a relation between a flow rate ratio and
resistivity of a film formed by high-pressure RF magnetron
- sputtering having been explained in the first example, for
various RF powers. Herein, the flow rate ratio is defined as
a ratio of a volume of argon gas to be introduced into the
chamber 21 to a volume of nitrogen gas to be introduced into
the chamber 21 (N,/(Ar+N,)).

The relation shown in FIG. 9 was observed when ‘the
chamber 21 had a pressure of 13 Pa, the semiconductor
‘substrate 22 was heated at 200 degrees centigrade, the
permanent magnets 24 were rotated at 10 r.p.m.,. and.the
distance between the metal target 28 and the Semiconduclor
substrate 22 was 134 mm.
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As a ratio of N, gas in the flow rate ratio N,/(Ar+N,) is
increased, the resistivity- is once reduced, and.thereafter,
increased again, regardless the RF power. However, an
increase. rate of the N, gas ratio is dependent on the RF
power. The resistivity increases at 4 lower rate at the greater
RF power. ‘

FIGS. 10 to 13 show how X-ray diffraction (XRD)
patterns vary as the N2 gas ratio is varied when RF power of
6 kW (8.5 W/cm?) is applied to the: tanlalum target having
a diametér of 300 mm.

Specifically, FIGS. 10 to 13 shows XRD palterns when
the N, gas ratip is equal to 0%, 1%, 5%, and 7% respec-
tlvely Hereinbelow are explained FIGS. 10 to 13 in com-
parison with FIG. 9.

When the N, gas ratio is equal to 0% there is obtained a
B-Ta(002)-oriented crystalline tantalum film which has
resistivity in the range of about 160 to 200 uQ-cm, as
illustrated in FIG. 10.

When the N, gas ratio is equal to 1%, there is obtained a
cryslallme metal film (herein, a tantalum film) conlaining

and which has r651sl1v1ty in the range of about 100 yQ-cm
as illustrated in FIG. 11.

When the N, gas ratio is equal to 5%, it is understood in
view of FIG. 12 that XRD pattern strength is reduced, and
hence, there is formed an amorphous metal nitride film,
which' has’ re51suv1ty in the range of about 200 .to 250
#Q-cm.

When the- N, gas ratio is equal to 7%, a cryslallmp metal
nitride film (Ta;N,) is formed, and resistivity is further
increased, as illustrated in FIG. 13. .

As mentioned above, when the tantalum target is selected,
a crystalline structure, composition and resistivity of a film
to be formed by sputtering vary in dependence on both a
concentration of nitrogen gas in sputtering gas and RF
power. Conversely speaking, this means that it is possible to

-control characteristics of a film to be formed by sputtering,

by controlling both a concentration of .nitrogen gas in
sputtéring gas and RF powcr The prescnl invention is based
on this discovery. .

" However, it is difficult to vary a flow rate of sputtering gas

- (that is, a pressure of.sputtering gas) and N, composmon

ratio in sputtering. Accordingly, it is necessary in pracucal

use to keep both a flow rate of $puttering gas (that is, a
pressure of sputtering gas) and N, composition ratio
constant, and to vary only :RF power, to thereby control a
crystalline structure, composition and resistivity of a film to
be formed by sputtering.

FIG. 14 shows how resistivity varies when only RF power
is varied ‘while a N, gas ratio is kept fixed at 2%. AS is
obvious in view of FIG.‘ 14, it is understood that it is possible
to.contro] film quality and resistivity cof a film to be formed
by sputtering, even when only RF power is Varied. In FIG.
14, resistivity is varied when & gas pressure is equal to 10 Pa,
the permanent magnets are rotated at 10 r.p.m., and the
substrate was heated at 200 degrees centigrade.

FIGS. 15 to 18 show XRD characteristics relative to RF
power. FIGS. 15 to 18 show XRD characieristics observed
when.RF power is equal to 2 kW, 3 kW, 6 kW and 8 kW,
respectively.

Specifically, when RF power is equal to 2. kW taere is

" obtained amorphous Ta2N as illustrated in FIG. 15. By

65

increasing RF power, there is.obtained cryslalhnc. TaNg ;.
When RF power is equal to 8 kW, there is obtained a
crystalline ‘metal film containing nitrogen therein, wiich
includes a $-TFa film and TaN, , in mixture.
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FIGS. 19 and 20 are SEM (Scanning Electron

Microscopy) photographs of films obtained when RF power

is set equal to 2 kW and 8 kW, respectively.

When RF power is set equal to 2 kW, as is obvious in view -

of XRD illustrated in FIG. 15, there is not observed grain
boundary, because a deposited film has an amorphous struc-
ture. In contrast, when RF power is set equal to 8 kW, as is
obvious in view of XRD illustrated in FIG. 18, there is
obtained a crystalline film including a B-Ta film and TaNj
in mixture, and havmg a prllar-hi(e structure.

That is, if Ta, N, which is an amorphous metal nitride ﬁlm,
is deposited at 2 kW of RF power, and RF power is increased
up to 8 kW immediately when the film has acquired a
. desired thickness, the film is turned into a crystalline metal
film containing nitrogen therein. As a result, as illustrated in

FIG. 21, a diffusion-barrier film 17is formed on a semicon--

ductor substrate 11 where the diffusion-barrier film 17 has a
multi-layered structure comprised of an amcrphous metal
nitride film 15 and a crystalline metal film 16 containing
nitrogen therein. Specifically, the amorphous mietal nitride
film 15 is an amorphous Ta,N film, and the crystalline mnetal
film 16 is composed of crystalline B-Ta and crystalllnc
TaN, , in mixture.

FIG. 22 is a SEM photograph of a cross-section of the
diffusion-barrier. film 17 which is formed by changing
sputtering power from 2 kW to 8 kW while a TaN film is
being deposited, to thereby successively deposit the crys-
talline metal film 16 and the amorphous metal nitride film 15
each by a thickness of about 500 angstroms. It is confirmed
in FIG. 22 that the amorphous Ta,N film 15 and the
_crystalline metal film 16 contammg nitrogen therem form a
multi-layered structure. :

The reason of this phenomenon is considered as follows

When' sputtering power is set equal to 2 kW, since a
sputtering rate caused by argon ions is relatively low, there
is sufficient time for a tantalum target to be nitrided by N,
at a surface thereof. Hence, the tantalum target is nitrided at
a surface thereof, and -turned into Ta,N. Since the thus
produted Ta;N is sputtered by argon ions, a Ta,N. film is
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deposited. However, when. sputtering power is set equal to -

8 kW, the tantalum target is sputtered by argon ions before
- a surtacc of the tantalum target is sufficiéntly nitrided. As a
result, there is-obtaited a tan'alum ﬁlrn shghtly conunmng
nitrogen.

By utilizing the above-mentioned phenomenon, it'is pos-
sible to form the diffusion-barrier film 17 having a multi-
layered structure and covering therewith the recess 13 or the
hole 14 formed at the second insulating film 12b formed on
the semiconductor substrate 11, as illustrated in FIG. 23.

The lower film or amorphous metal nitride (Ta,N) film 15
is required to have such a thickness that barrier characteristic
of preventing copper diffusion is ensured and adhesion with
the underlying insulating film 125 is also ensured. A desired
thickness of the amorphous metal nitride (Ta,N) film 15 is
in the range of about 80 angstroms to about 150 angstroms.

On the other hand, the crystalline. nitrogen-containing
metal film 16 composed of crystalline 3-Ta and crystalline
TaN,, in mixture is required to have such a thickress that
barrier characteristic of prevemmg copper diffusion is
ensured and adhesicn with copper is also ensured. A desired
thickness of the crystalline metal film 16-is in the range of
about 60 angstroms to about 300 angstroms.

THIRD EXAMPLE'

The RF magnetron sputtering haying been cxplained in
the first example makes it possiblg to enhance coverage
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characteristic of a deposited film for covering a recess or
hole therewith, by introducing a gas having a higher pressure
than usual, specifically, a press'ure equal to or greater than 5
Pa, into-a chamber. That is, it is possible to form the
multi-layered barrier film 17 under desired coverage char-
acteristic by switching RF power with a sputtering pressure
being kept equal to or greater than 5 Pa, even when there is
carried out dual-damassin process in which the recess 13 and
the hole 14 formed at a surface of the second insulating film
12b formed on the semiconductor substrate 11 are concur-
rently fil'éd with the. dlffusron-bamer film 17.

FOURTH E‘(AMPLE

In the above menuoned first and second examplcs the
process il which a multi-layered barrier film is successrvely
formed by switching RF power while the film is being
formed is applied to RF magnetron sputtering. This process
may be applied to DC magnetron sputtering, as illustrated in
FIG. 24, though a N, gas ratio and RF power are different
from those in the first and second examples.

FIG. 24 illustrates a DC magnetron sputtering apparatus.
The apparatus is comprised of a chamber 21, a heater 34
fixed on a bottom of the chamiber 21 for heating a semicon-
ductor substrate 22, a target metal 28 fixed to a top of the
chamber 21 by means of insulators 29 and a cathode 23, a
pump 33 for exhausting air from the chamber 21 such that
a pressuré in the chamber 21 is in the range of about 1x10~7
Pa to about 1x107° Pa, a magnet 42 positioned above the
target metal 28, mass flow controllers 31 for adjusting flow
rates of argon gas and nitrogen gas, and ‘allowing the gases
1o enter the chamber 21, and a DC electric power source 41
for applymg a DC voltage to both thc cathode 23 and the

" heater 34
35

Turmng the DC eleclrlc power source 41 on, argon plasma
containjng nitrogen therein is generated in-the chamber 21.

_FIFTH EXAMPLE

In the fitst and second examples, there is formed only one
via-hole. and wiring. Howevér, it should be noted that the
present invention may be apphed to.a copper w1r1ng struc-
ture mcludmr! two or more via-holes and wirings.

n 'he fifth example as illustrated in FIG. 25, a first
insulating £lin 12« is formed on a semrconductor substrate

11. The first insulating film 124 is formed with via-holes

whict “is filled with a copper witing layer 44 with a
diffusion-barrier film 17 being sandwiched between-an inner .
surface of each of the via-holes and the copper wiring layer
44. A sécond insulating film 12b is formed on the first
insulating film 12a. The second insulating film 1256 is also
formed’ with recesses and via-holes which is filled with a
copper wiring (not illustrated) with a diffusion-barrier film
17 being sandwiched between inner surfaces of the recesses
and the via-holes, and the copper wiring. »

Thus, recesses and/or holes formed throughout. each of
multi-layered insulating films are covered with the
diffusion-barrier film 17, and then, the recesses and/or holes
may be filled with a copper wiring layer.

An example of the multi-layered structure is illustrated in
FIG. 26. The illustrated multi-layered structure is comprised
of three insulating layers. Each of the insulating layers is
formed with recesses and via-holes, which are covered at
their surfaces with a diffusion-barrier layer 17, and filled
with copper wiring layers'44a and 44b.

Hereinbelow is explained a method of fabricaling the
multi-layered structure illustrated in FIG. 26.
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A semiconductor substrate 11 is formed at a surface
thereof with oxide layers 11a. A semiconductor device 11
is formed on the semiconductor substrate 11 between the
oxide layers 11a.

- Afirst insulating film 124 is formed on the semiconductor
substrate 11. The first insulating film 12a is comprised of, for
instance, a silicon’dioxide film. The first insulating film 124
is formed with recess arid holes reaching the semiconductor
device 11b. The recesses and holes are covered at their inner
surfaces with the diffusion-barrier film 17. The diffusion-
barrier film-17 has a multi-layered structure comprised of a
crystalline nitrogén-containing metal film and an amorphous
metal nitride film, and has sufficient coverage to cover
recesses and holes therewith. The diffusion-barrier film 17
may be formed by such high-pressure RF magnetron sput-
tering as mentioned in the first example.

Then, the recesses and holes are filled with copper in
vacuum. Then, the copper film and the diffusion-barrier film
17 are removed by CMP until the first insulating film 124
appears. Thus, there is fabricated the copper wiring layer
44a. '

Since copper does not form passive state at a surface, the

copper wiring layer 44a may be oxidized. In order to prevent -

oxidation of the copper wiring layer 44a, a silicon nitride
film 12d is formed over the first insulating film 12a.
Then, a second insulating film 126 is formed on the first
insulating film 12a. The second insulating film 12b is
formed with recesses and holes reaching the copper wiring
layer 44a formed in the first insulating film 12a. Thén, the
recesses and holes formed in the second insulating film 12b
are covered with thé diffusion-barrier film 17, and the
recesses and holes are filled ‘with the copper wiring layer

44b. By repeating the above-mentioned steps by the desired

number, there can bé fabricated a semiconductor device

‘having such a multl-lavered copper wiring structure as

1llustrated in FIG. 26
" SIXTH EXAMPLE

The sixth example relates to an apparatus and a method of
successively forming both a dlffusmn barrier film having'a
multi-layered structure and copper wiring layer.

FIG. 27 is a top plan view of an apparatus of forming a
copper wiring layer, in accordance with the sixth example.

The apparatus includes a cluster chamber 51 including a
scparatlon chamber 51 at'a center. The separation chamber
51 is equipped therein withi a robot 52 for transferrmg a
semiconductor substrate.

The cluster chamber 51 is comprised further of two lord
lock chambers 45, a chamber 46 used for heating a semi-
conductor substrate, an etching chamber 47 used for clean-
ing recesses and holes, a sputter chamber 48 ‘used for
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minutes. As a result, the lord lock chamber 45 has a vacuum
degree of 7x107 Pa to 8x107> Pa.

Then, a gate valv_e between the lord lock chamber 45 and
the separation chamber 51 is made open. The separation
chamber 51 is in advance kept in a vacuum degree of about
5x10~% Pa to 1x10~° Pa by means of a dry pump and a turbo
pump. Hence, the semiconductor substrate is transferred into

. the separation chamber 52 by the robot 52 ‘without being

exposed to atmosphere ,‘

Then, the semlconductor substrate i is transferred into the

chamber 46 which is in advan_cc k=pt in a vacuum degree of
about 6x10> * Pa by means of a dry pump and a furbo pump.’
The semiconductor substrate is heated at’about 50 to about
200 degrees centxgrade in the chamber 46 to thereby remove
moisture existing at a surface of the semiconductor substrate
and clean a surface of the semiconductor substrate.
" Then, the semiconductor substrate is transferred into the
etching chamber 47 from the chamber 46 through the
separation chamber 51. The etching chamber 47 is kept in a
vacuuni degree of about 5x107° Pa by means of a cryosorp-
tion pump, dry pump and a turbo pump.

After introducing the semiconductor substrate into the
etching chamber 47, the semiconductor substrate is plasma-
etched in argon gas or argon gas diluted with hydrogen gas
(H,/Ar=3%). By carrying out plasma-etching, a surface of
the semiconductor substrate and inner surfaces of a recess
and a hole are reduced and cleaned. ‘

The. plasma-etching has an-advantage that edges of a

recess and a hole are ground by the plasma-etching, and.
accordingly, an opening area of the recess and hole is
broadened, ensuring enhancement in coverage characteris-
tic. . . :
" Then, the semiconductor substrate is transferred into the
sputter chamber 48 from the etching chamber 47 by means
of the robot 52. The sputter chamber 48 is kept in a Vacuum
degree of about 4x107° Pa by means of a cryosorption pump,
dry pump and & turbo pump. The high-pressure. RF magne-
tron sputtermg as having béen explained-in the first cxample
is carried out .in the spuiter- chamber 48: :

- In the sputter chamber 48; a crystallme mtrogcn-
containing’ metal film (a.film composed of crystalline 3-Ta

. and crystalline TaN ; in mixture) and an amorphous metal

45
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fabricating a diffusion-barrier film, and a chamber 49 used

for forming a copper wiring layer, arranged around the
separation chamber 51.

It .is possible to form a copper-wiring layer. without
exposure of a semiconductor substrate to atmosphere

through the use of the cluster chamber 50.

Hereinbelow are explained steps of fabrlcatmg a copper
w1r1ng layer.

First, a semiconductor substrate is introduced into one of
the lord lock chambers 45. An insulating film is formed in
advance on the semiconductor substrate, and the insulating
film is formed in advance with a recess and/or hole. .

Then, the lord lock chamber 45 is evacuated of. air.by
mearis-of a dry pump and a turbo pump for about ﬁve
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nitride film (a Ta,N film) are deposited on the semiconductor
substrate by the method having been explained in the first
and second examples, wherein RF power is instantaneously
switched: In this example, a gas pressure is kept at 10 Pa, a
substrate temperature is'kept at 200 degrees centigrade, a N,
gas ratio is kept at 2%, and RF power is switched from 2 kW
to 8 kW..As a result, there is obtained a diffusion-barrier film
having a multi-layered structure and also having enhanced
coverage characteristic under the characteristics illustrated
in FIG. 6. - )

Then, - the semiconductor substrate is transferred in
vacuum to the chamber 49 from the sputter chamber 48. The
chambér 49 is kept in a vacuum degree of about 4x10™* Pa
by means of a dry pump and a turbo pump. Since the
semiconductor substrate is transferred in vacuum, the crys-
talline nltrogen-contammg metal film in the diffusion-barrier
film is kept clean ‘at a surface thereof. A copper film ‘is
deposited on the crystalline nitrogen-containing metal film
by chemical vapor deposition.(€VD) such that the recess
and hole is-filled with copper, as follows..

The semiconductor substrate is kept-at about 170 to- about
200 degrees centigrade. A source. including Cu (hfac) tmvs
(tnmethylwnylsrlyl heyaﬂuoroacetylacetonate copper (1)) as
a main constituent is. introduced into a carburetor at 1'to 2
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grams per minute through a liquid transfer system. The -

source gasified in the carburetor is introduced into the
chamber 49 together with nitrogen carrier gas, resultmg in
that the chamber.49 is kept at about 1-kPa.

The gas introduced into the chamber 49 makes chemical
reaction on the semicondtctor substrate, and is turned into
copper, and then, deposited on the semionductor substrate.
Herein, copper is deposited by such a thickness that a recess
and/or hole is sufficiently filled with copper, for instance, a
thickness in the range of about 8000 angstroms to about
15000 angstroms.

In particular, when a copper film is formed by CVD,
segregation of fluorine at a surface of the diffusion-barrier
film, diffusion of fluorine into the diffusion-barrier film, and
diffusion of copper into the diffusion-barrier film exert a
great influence on the adhesion, which fluorine is contained
in Cu (hfac) tmvs which is a source for carrying out CVD.

FIGS. 28 and 29 illustrate diffusion profiles of fluorine
and copper into the diffusion-barrier film, respectively,

which profiles were measured by SIMS (secondary ion mass

Spectroscopy).

In a B-Ta film obtained by sputtering carried out in argon
atmosphere, since fluorine segregates at an’ interface
between copper and tantalum, the $-Ta film would have poor
adhesion. With respect to a Ta,N film, though fluorine is
diffused into the Ta,N film, copper is scarcely diffused in the
Ta,N film. As a result, atomics are coupled with each other
with a poor force, and hence, the Ta,N film would have poor
adhesion. In contrast, with réspect to a TaN,, film, since
copper and fluorine are allowed to be diffused “into the
TaN,, film, atomics-are coupled-with each other with a
strong force, and as a result, the TaNO , film would hrgh
adhesion.

Thus, it is understood that if copper is dep051ted by CVD,

the diffusion-barrier film having a multi-layered structure
comprised of a crystalline TaN,; film and an amorphous
Ta,N filin would have enhanced adhesion and bamer char-
acteristic of preventing copper diffusion.

In accordance with the sixth example, a copper wiring
layer can be formed on a semiconductor substrate without
the semiconductor substrate being exposed to atmosphere.
Accordingly, the diffusion-barrier film is kept clean at a
surface, and hence, film ‘quality of a copper film formed by
CVD is likely to be reflected to a crystalline structure of a
tantalum film of the diffusion-barrier film. Thus, it is pos-
sible to enhance crystal orientation of copper and adhesion
between copper and, a diffusion-barrier film.

SEVENTH EXAMPLE

The seventh example relates to thc cluster chamber 50
illustrated. in FIG. 27. In the seventh example, the sputler
uchamber 48 is positioned in.a region where a copper wiring
layer is to be formed, which region cortesponds o the
chamber 49 in which a copper wiring layer is formed. Since
the diffusion-barrier film includes a TaNy; film containing
crystalline B-Ta therein, at a surfice, adhesion between the
diffusion-barrier film and a copper film formed by sputtering
is kept the same as adhesion between the dlffusmn barrier
film and a copper film formed by CVD. ’

EI(a HTH EXAMPLE

In the efghth‘ example, the semiconductor substrate is
taken out of the cluster chamber 50 illustrated in FIG. 27.
The semiconductor substrate has such a copper wiring

slruclure as illustrated in FIG. 30. Specifically, recesses and -
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holes formed in the second insulating film 12b are covered
with the diffusion-barriér film 17, and a copper film 53 is
formed covering the diffusion-barrier film 17 therewith.

A-second copper film 54 is deposited over the copper film
53 by plating such that the recesses and holes are filled with
the second copper film 54. As a result, as illustrated in FIG.
31, it'is possible to fabricate a structure comprised of the

multi-layéred barrier layer 17, the copper film 53 formed by

- CVD or sputtering, and the second copper film 54 formed by

platirig. Thercafter, as illustrated in FIG. 4D, for. instance,
the second copper film:54, the coppér film 53 and the
diffusion:barrier film 17 are femoved by CMP. Thus, there
is obtained a copper wiring structure.

While: the present invention has been described in con-
nection with the preferred embodiments, the present inven-
tion providcs the following advantages.

Thé first advantage is that it is possible to have a
diffusion-barrier film having sufficient barrier characteristic
of preventing copper diffusion and high adhésion with a
copper film. This is because the diffusion-barrier film is
designed to have a multi-layered structure comprised of an
amorphous metal nitride film having a high barrier charac-

teristic of preventing copper diffusion and a crystalline

nitrogen-containing metal film having high adhesion with
copper.

The second advanlage is that it is possible to successively
fabncate the diffusion-barrier film in a common chamber.
This ensures reduction in”apparatus cost and reduction in
time for fabricating’ the diffusion-barrier film.

This i$ becatse that it is possible to successwely form an

' 'amorphous metal pitridé film and a crystalline nitrogen-
- containing metal film by insiantaneously changlng only RF

35

40

45

50
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power with a volume ratio of a nitrogen'gas to a- -process gas
introduced into a chamber, bemg kept constant. In accor-
dance with this method, an'upper metal film in the diffusion-
barrier film mevuably contains nitrogen therein.

The thrd advantage is that a copper film can be formed
with a surface of the diffusion-barrier film being kept clean,
through the use of an apparatus of transferring a semicon-
ductot substrate in vacuum. As' a resull rehabﬂlty in a-
copper wiring layér can be cnhanced. .

While the present’ invention has been described in con-
nection with ceriain preferred- embodiments, it is to be
understood that the subject matter encompassed by way of
the present invention is. not to be limited to those specific
embediments. On the contrary, it is intended for the subject
matter of the invention to include all alternatives, modifi-

* cations and equivalents as can be included within the spmt

and scope of the following claims.

The entire disclosure of Japanese Patent Apphcauon No.
11-214110 filed on Jun. 24, 1999 including specification,
claims, drawmgs and summary is. 1ncorporalcd herein by
reference in its enurety

What is claimed is:

1. A barrier film preventing diffusion of copper from a
copper wmng laycr formed on a semiconductor substrate,

- comprising a multi- layered structure of . first ‘and second

60

65

films,

said first film being’ composed of crystalhne metal con-
taining nitrogen therein,

said second film bemg composed of amorphous metal
nitride, .

said barrier film belng constituted- of common metal
atomic species, .

said first Ailm being formed on said second film,
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said first film in direct contact with said second ﬁlm' i

said first film containing nitrogen in a smaller content than

that of said second film.

2. The barrier film as set forth in claim 1, whercm said
second film has a thickness in the range of 80 angstroms to
150 angstroms both inclusive.

3. The barrier film as set forth in claim 1, wherein said first
film has a thicknéss in the range of 60 angstroms to 300
angstroms both inclusive.

4. The barrier film as set forth in claim 1, wherein said first
film is composed of 3-Ta and TaN, ;, and said second film

" is composed of Ta,N. L

5. A multi-layered wiring structure comprising a bamer
film which prevenis diffusion of copper from a coppet
wiring layer formed on a semiconductor substrate,

said barrier film having a multi- layered structure of first

and second films,

said first film being composed of crystalline metal con-

taining nitrogen therein,

said second film being composed of amorphous metal

nitride, '

said barrier film being constituted of common metal

atomic species,
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said first film being formed on said second film,
said first film in direct contact with said second film,

said first film containing nitrogen in a smaller content than
that o said second film. :

6. The multi- layered wiring slructure as set forth in claim
5, wherein said second film has a thickness in the range of
80 angstroms to 150 angstroms both inclusive.

7. The multi-layered wiring structure as set forth in claim
5, wherein said first film has a thickness i in the range of 60
angstroms to 300 apgstroms both inclusive.

8. The multi-layered wiring structure as set forth in claim
S, wherein said barrier film covers a recess and a hole
formed throughout -an-insulating film formed on an under-
lying wiring layer.

9. The multi-layered wumg structure as set forth in claim
5, further comprising a copper film formed on said first film.

10. The multi-layered wiring structure as set forth in claim
5, wherein said first film is composed of -Ta and TaNj ;,
and said second film is composed of Ta,N.

* * * * *
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MULTI-LAYERED WIRING LAYER
| AND
METHOD OF FABRICATING THE SAME

5 BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION
The invention relates to a semiconductor integrated circuit ihcluding a
 copper wiring layer, anci more particularly to a barrier film which pfevenfs copper

diffusion from such a copper wiring layer.

DESCRIPTION OF THE RELATED ART |
As a semiconductor device has been designed to be smaller and smaller
in size, wiring delay‘exerts greaterl inﬂuence on a silicon ULSI device. As a
result, though a wiring layer has been composed of aluminum, it is necessary to
compose a wiring layer of copper in place of aluminum.

Resistivity of copper is equal to about 70% of resistivity of aluminum.

However, since éopper does not form passive state composed of an oxide film, at a
surface thereof, unlike aluminum,‘ copper is more corrosive than aluminum.
In addition, since copper has a high diffusion rate in both silicon (S1)
20 and silicon dioxide (SiOz), if copper enters MOSFET fofmed on a silicon substfate,
copper would induce reduction in carrier lifetime.

Hence, it is absolutely necessary for a semiconductor device having a
copper wiring layer to have a diffusion-barrier film for p‘r'evzentﬁing diffusion of
copper into an interlayer insulating film formed between copper wiring layers.

25 In addition, since such a diffusion-barrier film has to have high adhesion
charac;ceristic to both an interlayer insulating film and a copper wiring layer in
order to keép réliabilityin wiring.

Thus, there have been made many suggestions about a structure of a

barrier metal layer and a method of fabricating the same, in order to prevent
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copper diffusion form a copper wiring layer.
For instance, a sﬁructure of a barrier metal layer is suggested in the
following articles:
(a) Semiconductor World, Nobuyoshi‘Awaya, Febmary 1998, pp. 91-96.
5 (hereinafter, referred to as Prior Art 1); ' |
(b) Advanced Metallization' and Interconnect Systems .for ULSI Appli";:ations
in 1997, Kee-Won Kwon et ai., 1998, pp. 711-716 (hereinafter, referred to Prior Art
2); ,
(c) Journal Electrochemical Society, M. T. Wang et al., July 1998 pp 2538-
25645 (heremafter referred to as Prior Art 3); and
(d) 1998 Symposium on VLSI Technology Digest of Technical Papers, D.
Denning et al., 1998, pp. 22-23. |
In addition, a structure of a barrier metal layer and a method of
fabricating the same both for preventing copper diffusion is suggested also in
Japanese Unexamined Patent Publications 8-139092, 8-274098, 9-64044 and 107
256256, and‘Japanese Pétent Application No. 10-330938. Hereiﬁ, Japanese
Patent Application No. 10-330938 is not published yet, and hence does hot_

constitute prior art to the present invention. However, it is explained in the
specification only for better understanding of the present invention. The

20 applicant does not admit that Japanese Patent Application No. .10-330938 |

constitutes prior art to the present invention. .
It is quite difficult to dry-etch coppef, and hence, a copper wiring layer
1s formed generally by chemical mechanical polishing (CM?).
" Specifically, a copper wiring layer is formed as follows.

25 An insulating film is formed on an ﬁnderlying copper Wiriné layer. |
Then, the insulating film is formed with a recess and a through-hole reaching the
underlyix}g copper wiring layer. Then, a thin diffusion-barrier ﬁlm is formed on
surfaces of" the recess and the through-hole therewith such that the recess and the

through-hole is completely covered at surfaces thereof with the diffusion-barrier
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film in order to prevent copper diffusion from uncovered region. _

Thereafter, a copper film i1s deposited filling the recess and the
through-hole therewith by CVD or sputtering. Then, the copper film and the
diffusion-barrier film are removed in selected regions by CMP. Thus, a copper

5 wiring layer is completed.

As will be obvious to those skilled in the art, the diffusion-barrier film is
required to have high coverage as well as capability of preventing copper diffusion
and adhesion to copper. | |

‘The diffusion-barrier film is composed, for instance, of refractiVe metal
such as tungsten (W), tantalum (Ta) or titanium (Ti), or nitride of such refractive
metal such as tungsten nitride (WN), titanium nitride (TiN) or tantalum nitride
(TaN). | |

As explained in Prior Art 2, for instance, a tantalum (Ta) barrier film
has high adhesion with a copper film formed on the tantalum barrier film by
sputtering, ensuring improvément in"crystallinity of the copper film. However, .
since copper is diffused into the tantalum film, it would be necessary for the

tantalum barrier film formed below the copper ﬁlm, to have a thickness of 50 nm

or greater.
Prior Art 4 reports fhai: if a copper film is formed on a tantalum ﬁlxﬁ by
20 CVD, fluorine (F) segregates at an interface between the copper> film and TaN,
resulting in degradation in adhesion therebetween.
Prior Art 3 reports that a crystalline TaN barrier film oriented in
diréctions of (200) and__(lll) can prevent copper diffusion more highly than a
crystalline Ta barrier film.
25 As an solution to enhance a characteristic of preventing copper.
diffusion and adhesion to copper, a: multi—layered structure of a metal film and a
metal nitride film has been suggested. |
For instance, the above-inentioned Japanese Patent Application No.

10-330938 has vsuggeSted a method of fabricating a multi-layered barrier film

3

‘l, !
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including a titanium film and formed by sputtering.

As i‘llustrate‘d in Fig. 1, in aqcordanée with the suggested method_, only .
an argon gas is introduced into a sputter chamber to thereby form a titanium film
1. Then, a nitrogen gas is introduced into the sputter chamber, and a thin |
titanium nitride filmr 2 is formed on the titanium film 1 auxiliarily making use of
reaction between titanium and nitrogeh. Thus, there is formed a multi-layered
barrier structure 3 comprised of fhe titanium film 1 and the thin titanium nitride
film 2. |

| In the method, a r‘netal oxide film formed on an underlying wiring film |
is removed by argon plasma prior to carrylng out sputterlng

However, the conventlonal barner film for preventing copper d1ffusmn
is accompanied with the following problems.

The ﬁrst problem is that it is quite difficult to make a diffusion-barrier
film have both a characteristic of preventing copper dlffllSlOIl and a sufficient
adhesive force W-1th copper.

As illustrated in Fig. 2, it is now assumed to form a metal film 5 havmg
a crystallized pillar structure, on a semiconductor substrate 4. In the metal film
5, a lot of grains each comprised of individual crystals, and grain boundarles 7
each defining an interface between the grains 6 exist throughout the metal film 5,

that is, from an upper surface to a bottom of the metal film 5. The grain

boundaries 7 define path‘s 8 through which copper is diffused. As a result, the

metal film 5 has low barrier characteristic of preventing copper diffusion.

As 111ustrated in Fig. 3, it is now assumed to form a metal film 5a on a

'semlconductor substrate 4. If the metal film 5a is composed of metals havmg

- small resistivity, such as tungsten (W), titaqium (Ti) or tantalum (Ta), the metal

film 5 would have a polycrystal structure. . As a result, the metal film 5a would
have a pillar-like structure similarly to the metal film 5 illustrated in Fig. 2, and

accordingly, the. metal film 5a would. have small barrier characteristic of

‘preventing copper diffusion.
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However, it _should be noted that if a copper ﬁlm_ is formed on a

crystalline metal film, such as a B-Ta (002) film as obtained in sputteri-ng' of a

tantalum film, by sputtering, the copper film would have high adhesion and rich

crystal orientaﬁon, though a barrier characteristic of pi'event»ing copper diffusion

5 would be deteriorated. As a result, the copper film would enhance reliabﬂity in’
copper wiring. | | . —

In contrast, the metal film 5a illustrated in Fig. 3, which is composed of

~ particles 9 such as amorphous TaN and formed on the semiconductor substra_te 4,

has small resistivity, épeciﬁcally in the range of about 200 to 250 u Q- cm, énd'

does not have the paths through which copper is diffused unlike the crystalline

metal film 5 illu_strated in Fig. 2. As aresult, the metal film 5a would have high

barrier characteﬁstié of preventirivg'copll)er‘ diffusion. |
Howevér, since a surface of the metal film 5a is amorphous and hence |

crystal lattice is not uniformly arranged, if a copper film s formed on the

amorphous metal film 5a by CVD or sputtering, copper crystallinity and adhesion

to copper are )degraded.

As mentioned so far, it is quite difficult to form a diffusion-barrier film

having a single-layered structure comprised only of a crystalline metal film or an
amorphous metal nitridé film, and further haviﬁg high ba{rrier characteristié of
20 preventing copper diffusion and high‘adhesion to copper.
The second problem is caused when a diffusion:barrier ﬁlm is designed
to have a multi-layered structure in order to avoid the above-ine‘ntioned 'proBlem

of the single-layered diffusion-barrier film. |
For instance, if a diffusion-barrier film is designed to have a multi-
25 layered structure comprised of a crystalline metal film having high adhesion to
_ copper and an amorphous metal nitride ﬁlm having high barrier chafaéteristic,
| such as TaN, there woul(i t\)e obtainéd a diffusion-barrier film having lhigh barrier

characteristic of preventing copper diffusion and high adhesion to copper.

However, since it was not possible in a conventional method: to
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successively form a crystalline metal film and an amorphous metal nitride film by
sputtering, the crystalline metal film and the amorphous metal nitride film had to

be separatély formed in the same sputtering chamber or be fornied in separate |

- sputtering chambers.

For instance, the above-mentioned Japanese P.altent Application No.
10-330938 has suggeétéd a method including the steps of introducing an-argon gaé
into a sputtering chambeér to thereby form é, titanium ﬁini,, and introducing a .
nitrogen gas into the sputtering chamber to thereby form a titanium nitride film
on the titanium ﬁlm. |

However, in accordance with thisnﬁethod, the. titanium nitride film
cannot be formed until partiél pressures of argoﬁ and nitrogen become stable by
varying a mixture ratio of argon and nitrogen. Hence, it is impossible »tol enhance
a fabrication yield of fabricating a diffusibmbarrier film having a mul_ti-layered o
structure. |

The third probléin- relateé to coverage of a ﬁlm formed by s’puttering.

' InA general, ’Wh‘en a mefal film or a metal nitride film is formed by
sputtering, a metal target is sputtered by Iarg'on plasma generated by virtue df '
rotational magnetic ﬁe\ld and application of DC bias, and resultingly, a metal vﬁlm
or a metal nitride film is deposited on a substrate located in facing relation‘ to the
metal target. o |

In sputtering, a pressure at Which a metal target is sputtered is low, -
specifically, equal to 1 Pa or smaller. Since metal particles sp_uttered by argon -
plasma are radiated rahdomly to a surface of a substréte‘,»for instance, if the
substrate is formed a{tl a surface thereof with a deep recess or hole, it would almost
impossible to deposit a metal film such that such a recess or hole is completely
covered with the metal film. |

In addition, since a sputtering pressure is low, argon plasma could have

-a low plasmé density, and hence, there cannot be expected fe-sputtering effect in

which a metal film deposited onto a surface of a substrate is sputtered by argon

6.
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- plasma.

In order to enhan¢e coverage of a metal film, there has been suggested

collimate sputtering in which a metal plate formed with a lot of throﬁgh-holes 1s

located between a sputtering target and a substrate, and metal partviclesv_”are
caused to pass through the through-holes to thereby uniform direction of metal

pérticles. In accordance with the collimate sputtering, it is possible to deposit a

- metal film on a bottom of a recess formed at a surface of a substrate, but it is not

possible to deposit a metal film onto an inner sidewall of the recess.

The fourth problem is that a crystalline metal film having high
adhesion with a copper film tends to react with atmosphere to thereby a reaction
layer at a surface thereof. ,

Such a reaction layer Woul_d much deteriorate adhesion of a metél film
with a copper film. 7 |

The fifth problem is a copper bxidé film is adhered again to a recess or
hole.

An oxide film formed on a surface of an underlying wiring metal film is
removed by argon plasma prior to deposition 6f a diffusion-barriér film by
sputtering. - When an undérlyinngiring'layer is composed of coppéi‘, a copper :
oxide film is scattered by argon sputtering, .and as a result, the thus scattered
copper oxide is adhered again to a recess or hole formed at a surface of an |
insulating ﬁlms.

The sixth problem is that when a copper film is formed on a tantalum
film and an amorphdﬁs TaN film by CVD, adhesion between the copper film and a

diffusion-barrier film is deteriorated.

SUMMARY OF THE INVENTION
In view of the above-mentioned problems in a conventional diffusion-
barrier film, it is an object of the present invention to provide a diffusion-barrier

film having both a diffusion-barrier characteristic of preventing copper from being
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diffused into a semiconductor device and high adhesion bétween a copper film and

~ an interlayer insulating film.

It is aléo an object of the present invention to provide a multi-layered
wiring structure including the above-mentioned diffusion-barrier film.

Another object of the present invention is to provide a vme’thod of
fabricating such the above-mentioned diffusion-barrier film.

A further object of the presént invention is to provide a"vmethod of
fabricating a multi-layered copper wiriﬁg layer in which _éopper is buried abové
the above-mentioned diffusion-barrier film.

Iﬁ one aspect of the present invention, there is provided a barrier film
preventing diffusion of copper frorﬁ a copper wiring layer formed on a
semiconductor substrate, i‘ncluding a multi-layered structure of first and second
films, the first film being composed of crystalline metal containing nitrogen
therein, the second film being composed of amorphoﬁs metal nitride, the barrier
film being constituted of common metal atomic species.

It is preferable that the first film ‘is fqrmed on the second film.

It is preferable that the second film has a thickness in the rangé of 80
angstroms to 150 angstroms both inclusive. | |

It is preferable that the first film has a thickness in the range of 60
angstroms to 300 angstroms both inclusive. '

In another aspect of thé present invention, there is provided a multi-
layered wiring structure including a barrier film 'which prevents diffusion of
copper from a copper wiring layer formed on a semiconductor substrate, the .
barrier film having a multi-layered structure of first and second ﬁlms, the first
film being composed of crystalline metal c'ontéining nitrogen therein, the second
film being composed .of v aihorphous metal nitride, the barrier film. being
constituted of common metal atomic épeéies.

It is preferable that the barrierV ﬁlm covers a recess and a hole formed

throughout an insulating film formed on an underlying wiril.l'g layer.
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It is preferable that thé multi-iayered wiring structure further includes
a copper film formed on the first film. ,

In still another aspect of the present invention, there is provided a
method of forming a diffusion-barrier film by sputtering, including the stepsrof (a)
preparing gas containing nitrogen therein, and (b) varying only power of an
electric powér source for genera'ting plasma to thereby. successiifely form a
diffuéion-barrier film having a multi-layéfed structure of first and second films,
the first film being cbmposed of crystalline metal containing nitrogen therein, the
second film being composed of amorphous metal nitride, the barrier film being
constituted of metal atomic species éf sputter target. |

It is preferable that the gas containing nitrogen therein has a pressure
equal to or greater than 5 Pa. | |

It is preferable that the gas contains nitrogen at 10 volume % or -
smaller. - |

It is preferable that the metal atomic species of sputter target is one of
tantalum, tungsten, titahium, moiybdenum and niobium alone or in combination.

It is preferable that the second film has a thickness in the range of 80"
angstroms to 150 angstroms both inclusive.

It is preferable that the first film hag a thickness in the range of 60 .
angstroms to 300 angstroms both inclusive. .

There is further provided a method of forming a diffusion-bar'riei' film
by RF magnetron sputtering making use of rotational magnetic ﬁéld and RF
power, including the steps of (a) prepafing gas containing nitrogen thérein, and (b)
varying the RF power to thereby successively form a diffusion-barrier ﬁlm-having
a multi-layered structufe of first and second films, the first film being composed of V»
crystalline metal containing nitrogen therein, the second film being composed of
amorphous metal nitride, the barrier film being constituted of metal atomic

species of sputter target.

There is still further provided a method of forming a diffusion-barrier*
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film by RF magnetron sputtering, including the steps of (a) setting an electric .
power source for generation plasma to generate power having a first value, to
thereby a first film, with a concentration of nitrogen in plasma géé being kept ata’
constant, and (b) setting the electric power source fo generate power having a
“second value greatef than the first vélue at the moment when the first film is
fo’rrriled by a predetermined thickness, to thereby form'a second film on thé first
film.

It is préferable that the first film is composed of amorphous metal
nitride, and the‘se'cond film is composed of crystalline metal containing. nitrogen
therein. |

There is yet further prdvided a method of forming a copper wiring film,
including the steps of (a) radiating plasma of argon containing hydrogen t‘hereinv,
to a recess or hole formed at an insﬁlating film formed on a semiconductor
substrate, (b) fofming a diffusion-barrier film to ¢over the recess of hole therewith -
without exposing to atmosphere, the diffusion-barrie_r ﬁlm having a multi-la&ered
structure of first and second films, the first film being cdmposed of crystalline
metal containing nitrogen therein, the second film being composed of amorphous:
metal nitride, and (c) forming a copper ﬁim on the diffusion-barrier film without
exposing to atmosphere. " |

It i.s preferable that the diffusion-barrier film is formed by sputtering.

It is preferable that the copper ﬁlm is formed in vacuum. |

Itv'vis preferable that the copper film is formed by thermal chemical
vapor deposition in which therma1 dismutation in a complex of orgahic metal is
utilized.

It is preferable that the copper film is formed by sputtering in which

- copper target isused. . ’ \

The advantages obtained by the aforementioned present invention will

be described hereinbelow.

In the diffusion-barrier film in accordance with the present invenﬁon, a

10

-
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copper film makes direct contact w1th a crystalhne metal film contammg mtrogen'
therein, ensuring hlgh adhesion therebetween and high crystallinity of a copper
film.

In addition, since the metal film contains nitrogen therern, copper
diffusion into a semiconductor device can be prevented more effectively than a
metal film having pure crystals. |

In the diffusion-barrier film in accOrdance with the present irlvention,
an amorphous metal film containing nitrogen thereirl lies under a crystalline
metal film confaining niPrOgen therein. Hence, it 1s possible to effectiveh‘r
prevent copper diffusion, and to eneure high adhesion- ‘wit,h an underlying .
insulating film such as a silicon dioxide film. That is, by forming a copper wiring
layer on the diffusion-barrier film in accordance with the present invention, it ie
possible to not ohly ensore high crystallinity and high adhesion of a copper wiring |
layer, but also to prevent copper diffusion. _

The method in ac‘cordance' with fhe pres‘eht invention makes it possible
to successfvely form a diffusion-barrier film having a multi-layered structure of
first and second films, by varying only power of an electric power s‘ource‘ for
generating plasma in sputtering in which gas conteining‘ nitrogen therein is
employed. Herein, the first film is composed of crystalline metel_ containing
nitrogen therein, and the second film is composed of amorphous metal nitrrde._
The barrier film is consfituted of metal atomic species of sputter target.

Speciﬁcally, an electric power source for generating plaema 1s first set to
generate relatively low power with a concentration of nitrogen in‘plasma gas
being kept constant. A film is formed in such a conditiorl. Target metal makes
sufficient reaction with nitrogen, and resultingly, an amorp}ious metal nitride film -
is formed Immedlately after the formation of the amorphous metal nltrlde ﬁlm
the electric power source is set to generate relat1vely high power ‘to thereby form a
film without allowing sufficient time for reaction between mtrogen and target

metal. As a result, there is obtained a crystalline metal film containing nitrogen
11
2
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therein. . _

Thﬁs, it is possible to sﬁccessively fprm a diffusion-barrier film in the
same chamber, wherein the diffusion-barrier ﬁlm has a multi-layered étruct_ure_
including a crystalline métal' film coritai_hing nitrogen therein and an amorpho'us
metal nitride film. | » |

'Thé method of fabricating a diffusion-barrier film employs RF )
magnetron sputtering in which rotat.ional ‘magnetic field and RF ,pdwer - afe
utilized. Since the method makes it possible to carry oﬁf ‘sputtelifin,g where a
nitrogen-containing gas ‘}‘ias‘ a pressure éqﬁal to or greater than 5 Pa, plasma
density of argon which i1s a main constitﬁent of sputtering gas can bé ehhanced,
and thus, there can be obtained coverage for entirely covering a recess or hole |
formed at a surface of a substrate, with the diffusion-barrier film. | ,-

The method of fabricating a. diffusiqh-barrier film, in accordance with
the present invention, includes the step o.f radiating plasma of ‘érgon containing
hydrogenfthgrein, to a recess or hole formed at an insulating film formed oni a
semiconductor substréte. This. step redqce_s-a copper oxide film formed on a
surface of an underlying coppervwiring ‘layer,.to thereby turn copper oxide _baék to
copper, enéuring remarkéble feductibn in re-sputtering of a copper oxide film -to_‘ a:
surface of a recess or hole formed at a surface of an insulating film.

Then, a diffusion-barrier film is formed to cover the recess or hole

‘therewith without exposing to atmosphere, wherein the diffusion-bari‘ier film has

a multi-layered structure of first and second films, the first film being composed of
crystalline metal containing nitrogen therein, the second film being composed of
amorphous metal nitride: "Then, a thin copper film 1is formed on the diffusion-
barrier film in vacuum. » Asa resﬁlt, there is obtained a multi-layered structure
comprised of the diffusion;barrier film and the copper wiring film without a metal |
oxide layer b'eing sandwiched therebetween.

The above and other objects and advantageous features of the present

invention will be made apparent from the following dés’cription made with

12 |
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reference to the accompanying drawings, in which like reference characters

designate the same or similar parts throﬁghout the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross-sectional view of a conventional ‘copper wiring
structure. 7

Fig. 2 is a cross-sectional view of another conventional coppélj Wiring‘
structure.

Fig. 3 is a cross-sectional view of still another conventional cbpper
wiring structure. |

Fig. 4Ais a cross-sectional view of é diffusion-barrier film in accordance
with the first embodiment of the present invention, illustrating the first step of a
method of fabricating the same. |

Fig. 4B is a cross-sectional view of a diffusion-barrier film in accordance
with the first embodiment of the present invention, illustrating the éecond step of
a method of fabricating the same.

Fig.4Cisa cross-sectiohal view of a diffusion-barrier film in aécordance
with the first embodiment of the present invention, illustrating the third step of a
method of fabricating the same. |

Flg 4Disa cro.ss-sectional view of a diffusion-barrier film ip accbrdance
with the first embodiment of the present invention, illustrating the fourth step of
a method of fabricating the same.

| Fig. 5 illustrates a high-pressure RF magnetron sputtering apparatué

used in the first embodiment. v

Fig. 6 is a graph showing coverage éharacteristic ofa taﬁtalum film in
high-pressure RF magnetron sputtering.

Figs. 7 and 8 are cross-sectional views of a recess covered with a -

~ tantalum film in high-pressure RF magnetron sputtering.

Fig. 91is a graph shdwing a relation among a ratio of a m'trogén gasin a |

13~
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\
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et

mixture gas introduced into a chamber, RF power, and resistivity of a film formed
by sputtering. |

Figs. 10 to 18 are graphs each_showing film q‘ual"ity and characteristics.
of TaN and Ta ﬁlmo in high-pressure RF magnetron sputtering. ‘

Figs. 19 and 20 are photographs of a film formed by high-pressure RF
magnetron sputtering which photograph i is taken by means of a scannmg electron
microscopy (SEM).

Fig. 21 is a cross-sectional view of a diffusion-barrier ﬁlm formed by
high-préssure RF magnetron sputtermg which barrier-diffusion film is comprlsed
of a crystalhne Ta ﬁlm containing n1trogen in solid solution and an amorphous
metal TaN film.

Fig. 22 is a photograph of a film formed by high-pressure RF magnetron
sputtering which photograph is taken by means of a scanning ele.ctron microscopy
(SEM). | | |

Fig. 23 is a cross-sectional view of a diffusion-barrier film ‘covering a
recess therewith.

Fig. 24 iliustrates a DC magnetron sputtering apparatus used in the
fourth embodiment. |

Fig. 25 is a oross-sectional view of a diffusion-barrier film covérihg a
recess formed at a surface of an insulating film formed abovev a lower wiring layer;

| Fig. 26 is a cross;sectiOnol view of a diffusion-barrier film covering a
recess formed at.a surface of an insulating film formed above lower wiring layers.b

Fig. 27 is a plan view of a cluster apparatus used for forming a copper
wiring layer. -

Fig. 28 is a graph showing a diffusion profile of ﬂuorino into a
diffusion-barrier film.

Fig. 29 is-a graph showing a diffusion profile of copper into a diffusion-
barrier film. ¢ o

Fig. 30 is a cross-sectional view of a copper wiring structure in

14
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accordance with the seventh embodiment.
Fig. 31 is a cross-sectional view of a copper wiring structure in

accordance with the seventh embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
| Preferred embodiments in accordance with the present invention will
be explained hereinbelow with reference to drawings. _ |
| A method of fabricating a diffusion-barrier film in accordance with fhe
preferred embodiment is explained hereinbelow with reference to Figs. 4A t(; 4D.

As illustrated in Fig. 4A, a first insulating film 12a is formed on a
semiconductor substrate 11, and a sec_ond insulating film 12b is formed on the
first insulating film 12a. A copper wiring layer 44 is buried in the first insulating
film 12a. The second insulating film 12b is formed at a surface thereof with
recesses 13 in each of which a wiring is to be formed. Holes 14 reach the first
insulating film 12a from a bottom‘of each of the recesses 13.

First, the semiconductor substrate 11 is exposed to argon plasma
containing hydrogén therein, in a first chamber.

Then, the semiconductor substrate 11 is 'transferred in vacuum to a
second chamber; and a film is formed on the semiconductor substrate 11 in a
nitrogen-containing gas by sputtering in which a sputtering target is co‘mpo'sed of
refractive metal.

First, an electric power source for generating plasma is set to generate.
relatively low power with a concentration of nitrogen in plasma gas being kept
constant. As a result, the target metal makes sufficient reaction with nitrogen,
and an amorphous metal nitride film 15 is deposited over a surface of the second
insulating iﬁlm 12b, as illustrated in Fig. 4B.

Then, immediately after‘the formation of the amorphous metal nitride
film 15, thé electric power sburce is set to generate relatively high power to

thereby form a film without allowing sufficient time for reaction between nitrbgen =

15
¢
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and the target metal. As a result, )a crystallme metal film 16 contammg mtrogen
therein is formed on the amorphous metal n1tr1de film 15. p

Thus, as 111ustrated in Fig. 4B, it is possible to su‘ccessivyely'and
effectively fabricate the diffusion-barrier film ‘1‘7 having a multi-layered structuré,
on both an inner sidewall and a bottom of the recesses 13 and the holes 14 in the
same chamber. By setting a sputtering pressure sufﬁciiently high ;vhile
depos1t10n of the diffusion-barrier ﬁlm 17 by sputtenng, it would be poss1ble to
enhance coverage of the d1ffu31on barrier film 17. |

Thereafter, the semiconductor substrate 11 is transferred into é third
chamber in \'racuum‘ Th"en a copper film 18 is deposited over the diffusion-
barrler film 17 in vacuum in the th1rd chamber to thereby completely fill the_
recesses 13 and the holes 14 with the copper film 18, as 1llustrated in Fig. 4C.
Since the crystal metal film 16 conta1n_1ng nitrogen therein is exposed outside and
the semiconductor substrate 11 is transferred in vacuum, an oxide film is not’
formed at a surface of the crystal metal film 16.

Then, as illustrated in Fig. 4D, the diffusion-barrier film 17 and Athe

copper film 18 are removed by CMP until the second insulating film 12b appears.

Thus, there is obtained a copper wiring structure having high reliability.

The reason of enhancement in barrier characteristic of prevéntiné
copper diffusion is to infroduce nitrogen into the metal film 16. Iﬁ addition, the
metal film lé containing nitrogen ensures high adhesion with copper. The
amorphous metal nitride film 15 also has a characteristic of preventing copper
diffusion, and furthér enhances adhesion with the second insulating film 12b.
Thus, it is possibIe to ensure high adhesion between the éopper film 18 and the -
diffusion-barrier film 17, and to prevent copper from being diffuse(i from the
copper film 18 into the secon& insulating vﬁlm 12b. | o

Here_inbeldw are explained detailed examples of the above-mentioned
embodiment. |

[First Example]

16
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In the first éxample, hereinbelow is explained sputtering for fabriCating‘
a multi-layered structure comprised of a crystalline metal film cont‘aix;ing
nitrogen therein and an amorphous metal nitride film. o

| The sputtering in the first example is carried out in a RF magnetron
sputtering app‘aratus illustrated in Fig. 5.

In the illustrated RF magne'tllron sputtering apparatus, a chamber 2 1is
kept to be in vacuum, specifically, to have an internal pressure of aboutl 1 X 10'7 |
Pa to about 1 x 10‘“ Pa by means of a pump 33 such as a dry pump, a éryo'sofption
pump or a turbo pump. In the chamberiZl is placed a heater 34 which can heat a
semiconductor substrate 22 introduced into the chamber 21, up to about 20 to 300
degrees centigrade. A metal target 28 or the semiconductor substrate 22 is
designed to be able to raise or lower, and hence, a distanéé befween the metal
target 28 and the semiconductor substrate 22 can be varied in the range of 102

mm to 134 mm.

Argon and nitrogen gaseé are adjusted with respéct to a flow rate by

means of mass flow controllers 31, and then, introduced into .the chamber 21.

When the argon and nitrogen gases are introduced into the c'ham‘ber. 21, the

chamber 21 has an internal pressure of about 2 Pa to about 17 Pa.

The metal target 28 has a diameter, for instance, in the range of about
300 mm to about 320 mm. The metél target 28 is fixed to the chamber 21
through a target holder 27, a cathode 23 and insulators 29. In the cathodes 23
are rotatably arranged a pluralit",'y' of peg'manent magnéts 24. By rotating the
permanent maghéts 24, >magnet'icv field 30 in the chamber 21 is uniformized, and‘
erosion at a surface of the metal target 28 is also upiformized., As.a result, it is
possible to enhanée uniformity of a film to be formed on the semiconductor‘
substrate 22.

A~ RF electric power éourc‘e 25 for introducing RF power intd the
chamber 21 is in electrical connection with the cathode 23 through a matching box

32 carrying out impedance matching. The RF electric power source 25 applies |

17
\
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radio frequency (RF) havmg a frequency of 13 56 MHz to the. metal target 28
having a dlameter of 300 mm, at O to 10 kW.

Turnmg the RF electric power source 25 on to thereby introducé RF into
the chamber 21, there is generated‘argon plasma containing nitrogen therein.
The target metal 28 is sputtered by argon ions generated in ‘the argon plasma 26.
As a result, metal particles of the target metal 28 fly in;co the /semiconductor o
substrate 22, and thus, the crystalline metal film 164contai‘ning nitrogen therein
or the amorf)hous metal nirride film 15 is formed. | |

The 1nventor actually formed a tantalum film covering therew1th the'
hole 14 (see Fig. 4A) formed through the second insulating film 12b by means of
the above-mentioned RF magnetron sputtering apparatus. ’I/‘he coverage
characteristic of the tantalum film is shown in Fig. 6.

The hole 14 had a diameter in the range of 0.3um to 1.54m. The

second insulating film 12b had a thickness of about 1.5 zm where the hole 14 was

formed. -

As is obv1ous in. v1ew of Fig. 6, as a sputtering pressure 1s 1ncreased
from 2 Pa to 17 Pa bottom coverage is enhanced Herein, bottom coverage is.
defined as a ratio of a thickness of the tantalum film at a bottom of the hole 14toa
thickness of the tantalum film at a surface of the second insulating film 12b
Specifically, when a sputtering pressure is over 5.Pa, sufficient coverage can be
obtained to a hole having a great aspect ratio. |

| A thickness of the tantalum ﬁlm at an inner sidewall of the hole 14 is -
equal to about a half of a thickness of the tantalum film at a bottom of the hole 14.
As a sputtermg pressure is increased, the tantalum film covers an inner s1dewall
of the hole 14 therew1th to a greater degree.

The reason of thls phenomenon is conmdered as follows

The first reason is an increase in the number of Ta ions 1n plasma gas,

as illustrated in Fig. 7.

As a sputtering pressure is increased, tantalum‘.'atomics increasingly
‘ . . v } .
18
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make collision with excited argon atomics, resulting in that argon atomics are
fdcilitated to be ionized. The resultant tantaldm ions are attracted to negative
self-bias generated at the semiconductor substrate 22. Asa result, an incident
angle at which tantalum iqniﬂux 35 is radiated to the semiconductor substrate 22
becomes nearly 90 degrees. Thus, overhanging which occurs in the Vicinity of an
edge of recess or hole in conventional sputtering‘is suppressed, ensuring tantalum
atomics to reach a bottom of the hole 14 or recess 13. Asaresult,a _tahtalum film
36 entirely covers an inner‘sidewall of the hole 14.

The‘ second reason is that the- deposited tantalum film 36 is re-
sputtered by argon ions 39, as illustrated in Fig. 8.

The argon ions 39 which are primary constituents of plasma gas are

accelerated by electric field and reach not only a target but also the semiconductor

. substrate 22 which is in a condition of negative self-bias. This means that the

tantalum film 36 having been deposited on.to‘ the semiconductor substrate‘22 1s
re-sputtered. Since the tantalum film deposited in the vicinity of an edge of the
hole 14 or recess 13 and causihg overhanging is re-sputtered by the argon ions 39,
as indicated with an arrow 37, tantalum atomics 38 directing to a bottom" of the \
hole 14 or recess 13 are not interfered 'at the edge of the hole 14 or recess 13.
Accordingly, it is ensured that a tentalum film is deposited on a bottom and an
inner sidewall of the hole 14 or recess 13. |

In addition, since the tantalum film 36 deposited on a bottom of the hole
14 or recess 13 is re-sputtered by the argon ione 39, tantalum atomics genereted
by re-sputtering are deposited again on an inner sidewall 40 of the hole 14 or
recess 13, ensuring enhancement in coverage at the sidewall 40 of the hole 14 or
recess 13. o | '

It is not possible to determine which is a main reason forv enhancement
in coverage among the above-mentioned first and second reasons. However,
sincé mean free path of plasma ion is just a few millimeters under a pressure over
5 Pa, it is considered that almost 90 degrees of an incident angle of the tantalum

19
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ion flux 35 does not cOntribute to enhancement in coverage so much. The main
reason why the coverage is enhanced is considered that argon ions are generated
in a sufficient density by virtue of a high pressure, and a tantalum film having
been deposited are re-sputtered by the argon ions. |

In accordahce with the experiments thé inventor had conducted, it was
confirmed that coverage was enhanced in sputtering of a tantalum nitride film;
carried out under a high pressure over 5 Pa. | .

- As mentioned so far, it is preferable that a sputtering pressure is set
equal to or greater than 5 Pa in RF magnetron sputtering. |
[Second Example]

Fig. 9 shows a relation between a flow rate ratio and resistivity of a fillm‘ |
formed by high-pressure RF magnetron sputtering having been explained in the
first example, for various RF powers. Herein, the flow rate ratio is deﬁhed as a
ratio of a volume of argon gas to be introduced into the chamber 21 to a voiunié of
nitrogen gas to be introduced into the chémber 21 (N,/ (Ar + N,)).

The relatiqn shown in Fig. 9 was observed when the chambér 21 had a

pressure of 13 Pa, the semiconductor substrate 22 was heated at 200 degrees

centigrade, the vpermanent magnets 24 were rotated at 10 r.p.m., and the distance :

between the metal target 28 and the semiconductor substrate 22 was 134 mm.

As a ratio of N, gas in the flow rate ratio N,/ (Ar + N,) is increased, the
resistivit/:y is once reduced, and thereafter, increased again, regardless the RF
power. However, an increase rate of the N, gas ratio is dependent on the RF
power. The resistivity inCr‘eases ét a lower rate at the greater RF powér. '

Figs. 10 to 13 shdw how X-ray diffraction (XRD) pattei‘ns vary as the N,
gas ratio is varied when RF power of 6 kW'(8.5 W, cm?) is applied to the tantalum
target having a diameter of 300 mm.

SpeciﬁCally, Flgs 10 to 13 shows XRD patterns when the N, gas ratio is
equal to 0%, 1%, 5%, and 7% respectivel&.. Hereinbelow are e'xplained Figs. 10 to

13 in comparison with Fig. 9.

20~

f

Page 73 of 333



10

15

20

25

When the N, gas ratio is equal to 0%, there is obtained a B —Ta (002)-
oriented crystalline tantalum ﬁlm which has’resisti_vity in the range of about 160
to 200 y¢ Q-cm, as illustrated in Fig. 10.

When the N, gas ratio is equal to 1%, there is obtained a crystalline
metal film (herein, a tantalum film) containing nitrogen therein, which includes
B —Ta and TaN;, in mixture and which hag resistivity in the range of about 100
¢ Q-cm, as illustrated in Fig. 11.

When the N, gas ratio is equal to 5%, it is understood in view of Fig. 12
that XRD pattern strength is reduced, and hence, there is formed an amorphous
metal nitride film, which has resistivity in the range of about 200 to 250 1 Q -cm.

When the N, gas ratio is equal to 7%, a crystalline metal nitride film

- (Ta;N;) is formed, and resistivity is further increased, as illustrated in Fig. 13.

As mentioned above, when the tantalum target is selected, a'érystalline

‘structure, composition and resistivity of a film to be formed by sputtering vary in

dependence .on both a concentration of nitrogen gas in sputtering gas and RF’
power. Conveljsely speaking, this means thaf it 1is possible to control
characteristics of a film to be formed by sputtering, by cont;'olling both é
concentration of nitrogen gas in sp_uttéring gas and RF power. Thev’ present
invention 1s based on this discovery. ,

However, it is difficult to vary a ﬂ(;w rate of sputtering gas (that is, a
pressure of sputtering gas) and N, composition ratio in sputtering. Accordingly,
it is necessary in practical use to keep both a flow rate of sputtering gas (th#t 1s, a
pressure of sputtering gas) and N, composition ratio constant, and to vary only RF
power, to thereby control a crystalline structure, composition and resisti'viﬁy of a‘
film to be fqrmed by sputtering. |

Fig. 14 shows how resistivity vé'ries when only RF power is varied while
a N, gas ratié is kept fixed at 2%. As is obvious in view of Fig. 14, it is understood
that it is possible to control film quality and resistivity of a film to be formed by -
sputtering, even when only RF power is varied. In Fig. 14, resistivity is varied

21
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when a gas pressure is equal to 10 Pa, the peimanenf mégnéts are rotated at 10
rp.m., and the substrate was heafed at 200 degrees centigrade.

Figs. 15 to 18 show XRD characteristics relative to RF power. Figs.‘15
to 18 show XRD characteristics observed when RF power is equal to 2 kW, 3 kW, 6
kW and 8 kW, respectively. - o .

Specifically, when Rf‘ power is e‘ciual to 2 kW, there is obtained
amorphous Ta,N, as illustrated in Fig. 15. By increasing. RF power, there is
obtained crystalline TaN,,. When RF.power is equal to 8 kW, there is obtained a
crystalline metal ﬁlm. containiné nitrogen therein, which includes a (-Ta film
and TaN,, in mixture. | |

| Figs. 19 and 20 are SEM (Scanning Electron Microscopy) photographs

of films obtained when RF power is set equal to 2 kW and 8 kW, respecfivély. e

When RF powef 1s set equal ‘t(') 2 kW, as is obvious in view ‘of, XRD
illustrated in Fig. 15, there is nqt‘ obseriled grain boundary, because a deposited
ﬁlni has an amorphous strgc‘ture.' In contrast, when RF power is set equal' to 8
kW, as is obvious in | view ‘of XRD illustrated in Fig. 18, there is obtained va
crystalline film including a B -Ta film and TaN,, in mixture, and having a pillar-
like structure.

That is,/ if Ta,N, which is an amorphoﬁs metal nitride ﬁlrx;, is deposited
at 2 kW of RF power, and RF bower is increased up to 8 kW immediéltely Wh_eh the
film has acquired a desired thickness, the film is turned iﬁto a crystalline metal

film containing nitrogen therein. As a result, as 'illustiated in Fig. 21, a

diffusion-barrier film 17 is formed on-a semiconductor substrate 11 where the

 diffusion-barrier film 17 has a multi-layered structure comprised of an amorphous

25

/

metal nitride film 15 and a crystaliine metal film 16 containing nitrogen therein.
Specifically, the amorphous metal nitride_ﬁlm 15'is an amorphous Ta,N ﬁim, and
the crystalline métalb‘ﬁl’m 16 is ébmpOsed of crystalline B -Ta and crystalline
TaN,, in mixture. o |

Fig. 22 is a SEM photograph of a cross-section of the diffusion-barrier -
A} )

22
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film 17 which is formed by changing sputtering power from 2 kW to 8 kW while a
TaN film is being deposited, to thereby successively deposit the crystalline metal
film 16 and the amorphoué metal nitride film 15 each by a thickness of about 500
angstroms. It is confirmed in Fig. 22 that the amorphous Ta2N film '15-afid the
crystalline metal film 16 containing ‘nitrogen therein forn; a mﬁlti-layere’d
structure. |

The reason of this phenomenon is considered as follows. .

When“ sputtering powei is set equal to 2 kW, since a sputterihg rate
caused by argon ions is relatively low, ;chere is sufﬁcient vtin:.te for a tantalum
target to be hitride’d. by N, at a surface thereof. Hence, the‘tantalu'm tar'gét is
nitrided at a surface thereof; and turned into Ta,N. Since the thus prodﬁc.:ed
Ta,N is sputtered by argon ions, a Ta,N ﬁlm is depbsited. However, when
sputtering power is set equal to 8 kW, the tantalum target is sputtered by ai'gon
ions before a surface .of the tantalum target is sufﬁbiently' nitrided. As a resu_lt,
there is obtained a tantalum film slightly éontaining nitrogen.

By utilizing the above-mentioned phenomenon, it is possible to form the
diffusion- bairier film 17 having.a multi-layered structure and covering th‘erewith
the recess 13 or the hole 14 formed at the second 1nsu1at1ng film 12b formed on the -
sem1conductor substrate 11, as ﬂlustrated in Fig. 23.

The lower film or amorphous mgtal nitride (TaQ'N) fﬁm 15 is required to

have such a thickness that barrier characteristic of preventing copper'diffusion is

~ ensured and adhesion with tlie underlyihg insulating film 12b is also ensured. A

desired thickness of the amorphous metal nitride (Ta,N) film 15 is in the range of '
about 80 angstroms to about 150 angstroms. |

On the other hand, the crystalline nitrogen-containing metal film 16

“composed of crystalline S -Ta and crystalline TaN,; in mixture is required to

\
have such a thickness that barr1er characteristic of preventing copper d1ffus1on is

enSured and adhes1on w1th copper is also ensured. A desired thickness of the '

crystalline metal film 16 is in the range of about 60 angstroms to about 300
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angstroms.
[Th1rd Example] _

The RF magnetron sputtermg having been explamed in the first v_
example makes it poss1ble to enhance coverage characteristic of a depos1ted film
for covering a recess or hole therewith, by introducing a gas having a higher |
pressure than usual, speciﬁcallsi, a pressure equal to or greater than 5 Pa, into’ a
chamber. That is, it is possible to form the multi-layeredvbarrier film 17 under
desired coverage characteristic by switching RF power with a sputtering pressure
being kept equal to or greater than 5 Pa, even when there is carried out dual-
damassin process in which.the recess 13 and the hole 14 formed at a surface of the
second insulating film 12b formed on the semiconductor substrate 11 are |
concurrently filled with the diffusion-barrier film 17.

[Fourth Example] 7 |

In the above-mentioned first and second examples, the process in which.
a multi-layered barrier film is successively formed by switching RF power while
the film is being formed is applied to RF magnetron sputtering. This ‘process '
may be applied tO»DC magnetron sputtering, as illustrated in Fig. 24, though a N, -
gas ratio and RF power are different from those in the first and second examples.

Fig. 24 illustrates a DC magnetron sputtering apparatus. The »
apparatus is comprised of a chamber 21, a heater 34 fixed on a bottom of the
chamber 21 for heating a semiconductor substrate 22, a target metal 28 fixed to a
top of the chamber 21 hy means of insulators 29 and a cathode 23, a pump"33 for:
exhausting air from the vchamber 21 such that a pressure in the chamber 21 is in
the rangé of about 1x 1077 Pa to about 1$< 107%Pa, a magnet 42 positioned above
thev target metal 28, mass flow controllers 31 for adjusting flow rates_ of argon gas .
and nitrogen gas, and _allowing the gases to enter the chamber 21, and ‘a DC
electric power source 41 for applying a DC voltage to both the cathode 23 and the
heater 34. |

Turning the DC electric power _source: 41 on, argon plasma conta_ining‘ -

24
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nitrogen therein is generatec_l in fhe chamber 21.
[Fifth Example]

In the first and second examplés, there is formed only one via-hole and
wiring. However, it should be noted that the‘ present invention may be api)lied to
a copper wiring structure including two or more via-holes and wirings. | |

In the fifth example, as illustrated in Fig. 25, a first insulating film 12a
is formed on a semiconductorl substrate 11. The first insulating film 12a is
formed with via-holes which is filled With a cbpper" wiring layer 44 with a
diffusion-barrier film 17 being sandwichéd between an inner surface of each of the

Via-hoies and the copper wiring layer 44. A second insulating film 12b is formed

on the first insulating film 12a. The second insulating film 12b is also formed

with recesses and via-holes which is ﬁlled with a copper wiring (not illustrated)
with a diffusion-barrier film 17 being sa_ndwiched between inner éurfaces of the
recesses and the via-holes, and the copper wiring. | |

Thus, recesses and/or holes formed throughout each of multi-layered
insulatiﬁg films are covered with the diffusion-barrier film 17, and then, the
recesses and/or holes may bve ﬁlled with a copper wiring layer.

An example of the multi-layered structure is illustrated in Fig. 26.
The illustrated multi-layered structure is comprised of three insulating layers.
Each of the insulating layers is formed with recesses and via-holes, which are
covered at their surfaces with a diffusion-barrier layer 17, and filled with copper
wiring layers 44a and 44b. | |

Hereinbelow is explained a method of fabricating the multi-layered
structure illustrated in Fig. 26. | | | .

| A semiconductor substrate:- 11 is formed at a surface thereof with oxide

layers 11a. A semiconductor device 11b is formed on the semiconductor substrate
11 between the oxide layers 11a.

A first insulating film 12a is formed on the semiconductor substrate 11.

The first insulating film 12a is comprised of, for instance, a silicon dioxide' film.

25
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The first insulating film 12a is formed. with recess and holes reaching the
semiconductor device 11b. The recesses and holes are covered'at their inner
surfaces with the diffusion-barrier film 17. The diffusion-barrier film 17 has a
multi-layered structure comprised of a crystalline nitrogen-containing metal film'
and an amorphous metal nitride film, errd has sufficient cove/rage to cover recesses
and holes therewith. The diffusion-barrier film 17 may be formed by such high-
pressure RF magnetron sputterlng as mentioned in the first example.

Then, the recesses and holes are filled with copper in va(:uum. Then,
the copper film and the diffusion-barrier film 17 are removed by CMP ur1til the . .
first insulating film 12a appears. Thus, there is fabricated the copper wiring
layer 44a.

Since oopper does not form passive state at a surface, the copper wiring
layer 44a may be oxidized. In order to prevent oxidation of the copper w1r1ng
layer 44a, a silicon nitride film 12d is formed over the first insulating film 12a.

Then a second insulating ﬁlm 12b is formed on the ﬁrst 1nsulat1ng f11m
12a. The second insulating film 12b i is formed with recesses and holes reaching
the copper wiring layer 44a formed in the first insulating film 12a. Then, the
recesses and holes formed in the second insulating film 12b are covered with the
diffusion-barrierﬁlm 17, and t}re recesses and holes are filled with: the copper
wiring layer 44b. By repeating the above-mentioned steps by the desired
number, there can be fabricafed a semiconductor device having soch a multi-
layered copper wiring structure as illustrated in Fig. 26. |
[Sixth Example] |

The s1xth example relates to an apparatus and a method of successively
forming both a diffusion-barrier film havmg a multi-layered structure and copper
wiring layer. ' ‘

Fig. 27 is a top plan view of an apparatus of forming a copper wiring -
layer, in accordance with the sixth example.

The apparatus includes a cluster chamber 51 including a separation
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chamber 51 at a center. The separation chamber 51 is equipped therein with a
robot 52 for transferring a semiconductdr substrate.

The cluster chamber 51 is comprised further of two lord lock chamber.s‘
45, a chamber 46 used for heating a semiconductor substrate, an etching chamber
47 used for cleaning recésses and holes; a sputter chamber 48 used for fabricating -
a diffusion-barrier film, and a éhamber 49 used for forming a copper wiring layer,
arranged around‘the separation qhamber 51. ,

It is possible fo form a coppe.r wiring layer without exposure of a
semiconductor substrate to atmosphere‘through the use of the cluster chamber 50.

Hereinbelow are explained steps of fabricating a copper wiring layer.

First, a semiconductor substrate is introduced into one of the lord lock
chafnbers' 45. An insulating film is formed in advance on the semiconductor
substrate, and the insulating ﬁlin 1s formed in advance with a recess and/or hole.

Then, the lord lock chamber 45 is evacuated of air by meaﬁé of a dry
pump and a turbo pump for .ab'out five minutes‘. As a result, the lord lock
chamber 45 has a vacuum degree of 7X 107 Pa to 8 X 107* Pa. |

Then, a gate valve between the lord lock chamber 45 and the separation
chamber 51 is made open. The separétion chamber 51 is in advance kept ina -
vacuum degree of about 5x 107° Pé‘to 1X107° Pa by means of a dry pump and a
turbo pump. Hence, the semiconductor substrate is transbferred_ into the
separation chamber 52 by the robot 52A without being exposedﬂto atmosphere.

Then, the semiconductor substrate is transferred into the chamber 46
which is in advance kept in a vacuum degree of about 6 x 10~° Pa by means of a
dry pump and a turbo pump. The semiconductor substrate is heated at about 50
to about 200 degrees centigrade in the chamber 46 to thereby‘femove moisture
existing at a surface of the semiconductor substrate and clean a éurface of ﬁhe
semic()nducfor substrate.

Then, the semiconductor substrate is transferred into the etching

chamber 47 from the chamber 46 through the separation chamber 51. ‘The

27
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-1in Fig. 6.

etching chamher 47 is keptin a vacuum degree of about 5% 107¢ Pa by means of a -
cryosorption pump, dry pump and a turbo pump.

After introducing the semiconductor substrate into the etching chamber
47, the semiconductor substrate is plasma-etched in argon gas or argon gas
diluted with hydrogen gas (Hz/ Ar = 3%). By carrying out plasma-et_chinﬂg, a
surface of the semiconductor substrate and inner surfaces of a recess and a hole -
are reduced and cleaned. |

The»plasma-etching has an advantage that edges of a recess and a hole
are ground by the plasma-etching, and accordingly, an opening area o‘f the recess
and hole is broadened, ensuring enhancement in coverage characte.ristic. |

Then, the \semiconductor substrate is transferred into the sputter
chamber 48 from the etching chamber 47 by means of the robot 52. The sputter
chamber 48 is kept rn a vacuum degree of about 4x107% Pa by means of a
cryosorption pump, dry pump and a turbo pump. The high-pressure RF
magnetron sputte'ring as having been explained in the first example is carried out
in the sputter chamber 48. | R

In the sputter chamber 48, a crystalline nitrogen-containing metal film
(a film composed of crystalline 8 —Ta and crystalline TaN,, in mirture) and an
amorphous metal nitride film (a Ta,N film) are depo‘sited on the semiconductor
substrate by the method having been explained in the first and second examples,
wherein RF power is in'stantaneous'ly switched. In this e‘xample a gas pressure
1s kept at 10 Pa, a substrate temperature 1s kept at 200 degrees centlgrade a N
gas ratio is kept at 2%, and RF power is sw1tched from 2 kW to 8 kW As a result,
there is obtamed a diffusion-barrier film havmg a multi-layered structure and
also having enhanced coverage characteristic under the characterlsncs 1llustrated '

' \

Then, the semiconductor substrate is transferred in vacuum to the
chamber 49 from the sputter chamber 48 The chamber 49 is kept in a vacuum

degree of about 4 X 10~ Pa by means of a dry pump and a turbo pump. Smce the
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semiconductor substrate is transfe‘rréd in vacuum, the crystalline nitrogen-
containing metal film in the diffusion-barrier ﬁlm‘ is kept clean at a surface
thereof. A copper film is depoéited on the crysfalline nitrogen-containing metal
film by chemical vapor deposition (CVD) such that the reéesé and hole is filled -
with copper, as follows. \

The semiconductor substrate is kept at about 170 to about 200 degrees
centigrade. A source including Cu (hfac) tmvs (trimethylvinylsilyl
hexafluoroacetylacetonate copper (I) ) as‘a main constituent is iﬁtroduced into a
carburetor at 1 to 2 gréms per minute through a liquid .trahsfer'system. The
source gasified in the carburetor is introduced into the chamber 49 together Wi\th
nitrogen carrier gas, resulting in that the chamber 49 is kept at about 1 kPa.

The gas introduced into the chamber 49 makes chemical reaction 61'1 the
semiconductor substrate, and is turned into copper, and then, deposited on the
semiconductor substrate. Herein, copper is deposited by such a thickness th;t a
recess and/or hole is sufficiently filled with copper, for instance, a thlckness in thev
range of about 8000 angstroms to about 15000 angstroms.

In particular, when a copper film is formed by CVD, segregation of
fluorine at a surface“ of the diffusion-barrier film, diffusion of fluorine into the
diffusion-barrier film, énd diffusion of copper into the diffusion-barrier ﬁlfn exert
a great 1nﬂuence on the adhesion; which ﬂuorlne is contamed in Cu (hfac) tmvs
which is a source for carrying out CVD. _

Figs. 28 and 29 illustrate diffusion profiles of fluorine and cop’per‘into
the diffusion-barﬁer film, respectively, which profiles were measured by SIMS
(secondary ion mass speCtroscqpy).

| N In a B —Ta film obtained by sputtering carried out in ai;gon
atmosphere, since fluorine segregates at an interface between c’obper and
tantalum, the B —Ta film would have poor adhesion. Wlth respect to a TazN
film, though fluorine is dlffused 1nto the TazN film, copper is scarcely diffused i in

the Ta,N film. As a result, atomics are coupled with each other with a poor forc_e,

29
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and hence the Ta,N film would have poor adhesion. In contrast with respect to
a TaN,, ﬁlm since copper and ﬂuorme are allowed to be d1ffused into the TaN01 '
film, atomics are coupled w1th each other with a strong force, and as a result, the
TaN,, film would high adhes1on |

Thus, it is understood that if copper is deposited by CVD, the dlffllSlOIl-
barrier film havmg a multi-layered structure comprised of a crystalline TaNO.1 film
arld an amorphous Ta,N film would have enhanced adhesion and barrier
characteristic of preventing copper diffusion.

In accordance with the sixth example, a copper Wiring layer can be

formed on a sem1conductor substrate without the semlconductor substrate bemg

~ exposed to atmosphere. Accordingly, the diffusion-barrier film is kept clean at a

surface,uand hence, film quality of a c0pper ﬁlm_formed by CVD is likely to be
reflected to a crystalline structure of a tantalum film of the diffusiou-barrier film.
Thus, it is possible to enliance crystal orientation of copper and adhesion betweeri
copper arid a diffusion-barrier film. |
[Seventh Ei(ample]

The seventh example relates to the cluster chamber 50 illustrated in
Fig. 27. In the seventh example, the sputter chamber 48 is positioned n a region
where a copper wiring layer is to be formed, which region corresponds to the

chamber 49 in which a copper wiring' layer is formed. Since the diffusion-barrier

film includes a TaN,, film containing ':crystallirie B —Ta therein, at a surface, ,

adhesion between the diffusion-barrier film and a copper ﬁlm formed by-

sputtering is kept the same as adhesion betWeen the diffusion-barrier film and a

- copper film formed by CVD.

[Eighth Example]

In the eighth example, the semiconductor substrate is taken out of the

" cluster chamber 50 illustrated in Fig. 27. The semiconductor substrate has such

" a copper wiring structure as illustrated in F1g 30. Specifically, recesses and

holes formed in the second insulating film 12b‘ are covered with the diffusion-

30
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barrier film 17, and a copper film 53 is formed covering the diffusion-barrier film
17 therewith.

A second copper film 54 is deposited over the copper film 53 by plating

“such that the recesses and holes are filled with the second copper film 54. As a

result, as illustrd,ted in Fig. 31, it is possible to fabricate a structure comprised of
the multi-layered barrier layer 17, the copper film 53 formed by‘ CVD or
sputtering, and the second copper film 54 fofmed by plating. Thereafter, as
illustrated in Fig. 4D, for instance, the secpnd copper film 54, the copper film 53
and the diffusion-barrier film 17 are removed by CMP. Thus, there is obtained a
copper wiring structure. | h |
While the present invention has been described in connection with the -
preferred embodiments, the present invention provides the following advantagés.
The first advantage is that it is possible to have a diffusion-barrier film
héving sufficient barrier characteristic of prevénting copper diffusion ahd high
adhesion with a copper film. This is because the diffusion-barrier ﬁlm is
désigned to have a mult‘i-layered structure comprised of an amorphous ﬁletal
nitride film having a high barrier characteristic of preventing copper diffusion
and a crystalline nitrogen-conta‘ining metal film having high adhesion with
copper. |
The second advantage is that it is possible to successively fabricate the
diffusion-barrier film in a common chamber. This ensures redu&ion in
apparatus cost and reduction in time for fabricating the diffusion-b'arrier film.
This is because thét it'is possible to successively form an amorphous
metal nitride film and a crystalline nitrogen-containing metal film by
instantaneously changing only RF power with a volume ratio of a nitrogen gas to
a process gas introduced into a chamber, beihg kept constanf. ‘In'- accorlt.iance with

this method, an upper metal film in the diffusion-barrier film inevitably contains

nitrogen therein.

The third advantage is that a copper film can be formed with a surface
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of the diffusion-barrier film being kept clean, through the use of én .app.ai'atus of
transferring a semiconductor substrate in vacuum. Aé a resﬁlt, reliability in a
copper wiring layer can be enhanced. | |
While. the present invention has been described in éor}nec'tion with
5 certain preferred embodiments, it is to be understood that the subject métter
| encompassed by way of the present invention is not to be limited to those specific
embodiments. On the contrary, it is intended for the subject -ﬁiatter of the
invention to include all alternatives, modifications and equivalénts és can be
included within the spirit and scope of the following claims. | |
10 . The entire disclosure of Japanese Patent Application No. 11-214110
filed on June 24, 1999 including speciﬁcation,lclaims, drawings and summary is

incorporated herein by reference in its entirety.
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WHAT IS CLAIMED IS:

Q\I/[ 1. A barrier film preve’nting diffion of copper from a copper wiring layer
formed on a semiconductor substrafe, comprising a multi-layered structure of first
5 and second films,

said first film beipd composed of crystalline metal containing nitrogen

therein, |
said second fim being composed of anﬁorphous metal nitride,
said bargfer film being constituted of common métal atomic species.
10
2. The ieffilm as set foi‘th in claim 1, wherein said first film is formed on

said second

. The barrier ﬁlni as set forth in claim 1, wherein said second film has a

15  thickness in the range of 80 angstroms to 150 angstroms both inclusive.

2

A The barrier film as sef forth in claim 1, wherein said first film has a

thickness in the range of 60 angstroms to 300 angstroms both inclusive.

5. A multi-layered wiring structure cgfnprising a barrier film which prevents

0
T adiffusion of copper from a copper yiring layer formed on a semiconductor
substrate,
said barrier ﬁlm having a fulti-layered structure of first and second ‘ﬁlms,A' ‘

said first film being fomposed of crystalline metal containing nitrogen .
25  therein, |
said second film Weing composed of amorphous metal nitride,
said barrier fifm being cohstituted of common metal atomic species.

6. The multi-layered wir@g/st ucture as set forth in claim 5, wherein_said
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first film is forﬁ/ n said second film.

4 The multi-layered wiring structure as set forth in claim 5, wherein said
second film has a thickness in the range of 80 angstroms to 150 angstroms both .‘
inclusive.

87 The multi-layered wiring structure as set forth in claim'5, wherein said
first film has a thickness in the range of 60 angstroms to 300 angstroms both
inclusive. -

A The multi-layered wiring structure as set forth in claim 5, wherein said
barrier film covers a recess and a hole formed throughout an insulating film
formed on an underlying wiring layer. |

)O’. The multi-layered wiring structure as set forth in élaim 5, further
comprising a copper film formed on said first film.

11. A method of forming a diffusion-barrier fi¥n by sputtering, comprising

the steps of:

(a)‘ preparing gas containing nitrogen tierein; and
(b) varying only power of an electri¢ power source for generating plaSma to
fon-barrier film having a multi-layered |
g, said first film being composed of cry'stalline
£d second film being composed of amorphous
metal nitride, said barrierfi

sputter target.

12. The method

therein has a ppéssure equal to or greater than 5 Pa.
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13. The method as set forth in claim 11, wherein said gas .ntain\s nitrogen

at 10 volume % or _small;ar.
5 14. The method as set forth in claim 11, wherein said metal atomic species of
sputter target is one of tantalum, tungsten, titanium, /m onbdenum and niobiﬁin

alone or in combination, . \

< 15. The method as set forth in claim 11/wherein said second film has a

10  thickness in the range of 80 anéstroms to 150/angstroms both inclusive.
\ |
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20. The method as set forth in ‘claim 17, wherein said metal afomic species of

sputter target is one of tantalum, tungsten, titanium, molybd¢hum and niobium
alone or in combination.

21. The method as set forth in claim 17, wherejh said second film has a

thickness in the range of 80 angsﬁ‘oms to 150 angstroms both inclusivé. -

22. The méthod as set forth in claim 17/ wherein $aid first film has a

. thickness in the range of 60 angstroms to 300 gngstroms both inclusive.

- 23. Amethod of forming a diffusion-b arrier film by RF ﬁmagnefron sputtering, -
comprising the steps of: ‘
(a) setting an electric powey /ce for generation plasma to generate power
having .a first vélue, to thereb irst film, with a concentration of nitrogen in
plasma gas being kept at a congtant; ahd
(b) setting said electric power »s'ource to generate power having a second
value greater than said first yalue at the moment when said first film is formed by

a predetermined thickness/to théreby form a second film on said first film.

24. The method ag/set forth m claim 23, wherein said first film is composed of ”
amorphous metal ni ide, and said second film is composed of crystalline metal o

containing nitroger/ therein.

25. The mgthod as set forth in claim 23, wherein said plasma gas contains

nitrogen gas gt a pressure equal to or greater than 5 Pa.

26. The method as set forth in claim 23, wherein said plasma gés contains

nitrogery gas at 10 volume % or smaller.
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27. The method as set forth in claim 23, wherein metal '_,aémic species of
sputter target is one of tantalum, tungsten, titanium, molybdenum and niobium

alone or in combination.

28. The method as set forth in claim 23, wherein said first film has a

thickness in the range of 80 angstroms to 150 angstfoms both inclusive.

29. The method as set forth in claim 23/ wherein said second film has a

thickness in the range of 60 angstroms to 300/angstroms both inclusive.

'30. A method of forming a copper wiring film, comprising the stepé of:
(a) radiating plasma of argon coptaining hydrogen theréin, to a recess or hole
formed at an insulating film formed oy a semiconductor substrate;
(b) forming a diffusion-parrier/film to cover said recess or hole therewith
without exposing to afmophere, said diffusion-barrier film having a' multi-
layered structure of first (and sécond films, said first film being composed of
crystalline metal containing_ni ogen therein, said second film beving composed of
amorphous metal nitride; and |

(c) forming a copper film on said diffusion-barrier film Without exposing to
atmosphere. |

31. The method as et forth in claim 30, wherein said diffusion-barrier film is
formed by sputtering.

32. The method as set forth in claim 30, wherein said cobper film is formed in

vacuum.

33. The jhethod as set forth in claim 32, wherein said copper film is formed

by thermal ¢ 1emical vapor deposition in which thermal dismutation in a complex
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of organic metal is utilized.

34. The method as set forth in claim 32, ¥herein said copper film is formed

by sputtering in which copper target is used.
35. The method as set f 4im 30, wherein. said first film has a
thickness in the range of 60 ajgstrefns to 300 angstroms both inclusive.

36._ The method &5 set forth in claim 30, wherein saidv second film has a

thickness in the raxge of 80 angstroms to 150 angstroms both inclusive.
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ABSTRACT OF THE DISCLOSURE o g saetts

There is provided a barrier film preventing diffusion of copper from a

copper wiring layér formed on a semiconductor substrate. 'The_ba‘friér film has a

5 multi-layered structure of first and second films wherein the first ﬁll‘n') 1s composed
of ci'ystalline.mvet'al containing nitrogen therein, and the second film is composed
of amorphous metal nitrifle. The barrier film is constituted of common metal
atomic species. The barrier ﬁlm‘preveﬁts copper diffusion from a édpper wiring

layer into a semiconductor device, and has sufficient adhesion characteristic to

10  both a copper film and an interlayer insulating film.
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Express Malil LabelvNo._ e : .. .. . Pagetot .

Docket No.. -
13715

~ -

Declaratlon and Power of Attorney For Patent Apphcatron

Engllsh Language Declaratron

As a below named mventor | hereby declare that
My resrdence post ofhce address and crtrzenshrp are as stated below next to my name,

| believe | am the orrglnal first and sole inventor (if onIy one name is listed below) or an orlglnal
first and joint inventor (if plural names are listed below) of the subject matter which is clalmed and for
which a patent is. 80ught on the |nvent|on entltled :
MULTI—LAYERED WIRING LAYER AND METHOD OF FABRICATING THE SAME
“the specification of which
& (check one)_
@ is attached hereto.» A _ A
O wasfiledon = - asUnited States Application No. or PCT International
' Application Number § B S '
and was amended on

(|f appllcable)

R hereby state that I have rewewed and understand the contents of the above Identlfled specmcatlon E
~including the claims, as amended by any amendment referred to above

§ acknowledge the duty to drsclose to the Unlted States Patent and Trademark Office aII mformatlon'_
known to me to be matertal to patentablllty as defined in Title 37, Code of Federal Ftegulatlons\
Sectlon 1.56. : : ‘

- hereby claim forergn pnorlty benefrts under Title' 35 United States Code,’ Sectron 119(a) (d) or
“-Section 365(b) of any foreign application(s) for patent or inventor's certificate, or Section 365(a) of
‘any PCT International application which designated at least one country other than the United States,
" listed below and have also identified below, by checking the box, any foreign application for patent or
'rnventor s certificate or PCT International application having a filing date before that of the appllcatlon
. on which priority is clarmed :

Prior Foreign Applrcatron(s)-' o " o N | Priority NotCtaimed
24110 gepen 24/6/1999 o
" (Number) . (Country) e (Day/Month/Year Filed)
“.(I\tu‘mber) T o (Count_ry) T . (Day/ltﬁo‘nthtYear FiIe'd) o
(Number) : , (Country) .  L (Day/Month/Year Filed) a
" FemTToSe 95) (Modllied) — - | .' " 'Poz/neyo_a. — PatentandTr_ademark Offico-US. oear_\nranNrOF coMr\rsncs 5

Page 131 of 333



- 214 1o
8 ‘f?'r All‘t

Page 20f

I hereby claim the beneflt under 35 USC Section 119(e) of any United States provisronal
application(s) listed below: .

(Application Serial No}) - (Fling Date)
(Application Serial No:) R " (Filing Date)
(Appllcatlon'SeriaIl Nol)' B »‘(Fllln‘g Date)'.?

| hereby clalm the beneflt under 35 U.. S C. Sectlon 120 of any United States appllcatlon(s) or
Section 365(c) of any PCT. International application deslgnatlng the United ‘States, listed below and,
insofar as the subject’ matter of ‘each of the claims of this application is not disclosed in the prior .-
United States or PCT International appllcatlon in the manner provided by the first paragraph of 35
U.S.C. Section 1 12, | acknowledge the duty to dlsclose to the United States Patent and Trademark -
Office all lnformatlon known to me to be material to patentabrllty as deflned in Title 37, C. F. R.,

* Section 1.56 which became available between the filing date of the prior appllcatlon and the natlonal _

or PCT lnternatlonal flling date. of this appllcatron

(Application Serial No) -~ - (Filing Date) S (Status)
: K R I o (patented pendlng. abandoned)

(Application Serial No) ~~ - (Fling Date) - '  (Status)
I AR R o (patented pending, abandoned)

(Application Serial No) -~ ' . (FingDate) - . (Status)
o o , (patented pendlng, abandoned)

. I hereby declare that all statements made herein of my own knowledge are true and that all -
- statements made on Information and belief are belleved to be true; and further that these statements
were made with the knowledge that willful false statements and the like so made are punishable by . .
fine or lmpnsonment or both, under Section 1001 of Title 18 of the United States Code and that such
willful false statements may ]eopardrze the valldlty of the appllcatron or any patent issued thereon

i .

" Patent and Trademark Office-U.8. DEPARTMENT OF COMMERCE

Form PTO-SB-01 (6-05) (Modified)
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- POWER OF ATTORNEY As a named inventor, | hereby appoint the following attomey(s) and/or
agent(s) to prosecute this applncatlon and transact all business in the Patent and Trademark Offlce '
connected therewith. . (//st name and reglstration number) S

Stephen D. Murphy, Reg. No.: 22, 002 o PauIJ Esatto, Reg. No.: 30, 749
‘William C. Roch, Reg. No.: 24972 -~ MarkJ Cohen, Reg No.: 32211
Frank S. DiGiglio, Reg. No.: 31,346 - DonaldT Black Reg No.: 27,999

PaulJ Esatto, Jr. ) ' T

Scully, Scott, Murphy & Presser S Y
- 400 Garden City Plaza S
‘ "Garden City, New York 11530

Send Corresp’ondence‘io

Dlrect Telephone Calls to (name and telephone number)
Paul J. Esatto, Jr. (516) 742-4343

Full name of sole or first Inventor -

MASAYOSHT TAGAMI

'Sole or first Inventors slgnalure S N Date’ '
: ?WM/ June. 9, 2000
Resldence < . , /e . o
o ' 'I'okyo, Japan
Clllzenshlp N e '
B Japan
Post Office Address

c/o NEC Oorporatlon, 7 1, Sh1ba 5—chome, Mmato—ku, Tokvo, Japan

-

) FuII name of second Inventor if any

YOSHIHIRO HAYASHI

Date

Second lnventors slgnature ~ : TN T ‘ ‘ ‘ )
. ‘ é % /mt/o l/ﬂ\\ &5/\> )‘)& __June 9, 2000.
" Residence y A ) i - -
» y Tokyo, Japan, ' ‘
Cltizenshi '
zenship | Ja -
" Post Ofﬂce Address R o : : ‘
c/o NEC Corporatlon, 7- 1 Shiba_ S-chome, Minato-ku, Tokyo, Japan
| FomPTO-SB01 (608 Modiled) T Fatentand Tradomark Office-U.S, DEPARTMENT OF COMMERCE
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Application Assig_nment Record

According to the application transmittal letfer, an assignment recordihg ownership was filed

with this applicgtion; however, a copy of this record was not located in the original file history
record obtained from the United Stat?:s Patent and Trademark Ofﬁcel Upon your request, we

will attempt to obtain the assignment documents from the Assignment Recordation Branch of

of the United States Patent and Trademark Office or from a related application‘ case (if applicable).

Please note that additional charges will apply for this service.

This page is not part of the official USPTO record. It has been determined that content identified
on this document is missing from the original file history record.
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IN THE UNITED STATES ‘PATEN".I‘ AND TRADEMARK OFFICE l‘: =
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Applicant;: | Masayoshi Tagami,’ et al. . ‘Examiner: Unassi____;__g
. v ‘ o =9
Serial No. Unassigned ' Art Unit: Unassignﬂ%’i
o i =2
Filed: Herewith Docket: 13715 2 = :
For: MULTI-LAYERED WIRING LAYER , Dated: dJune 19, 2000 -

AND METHOD OF FABRICATING THE SAME ‘

Assistant Commissioner for Patents
Washington, D.C. 20231

INFORMATiON DISCLOSURE STATEMENT

Sir:

in accordance with 37 C.F.R. §§ 1.97 and 1.95, it is
requested that the following references, which are 5150 1isted on
the attached'Form_PTOf1449, be made of record in the above-
- identified case.

1. Semiconduétqr Wbrld,'Nobuyoshi Awaya, February 1998,

pp. 91-96;
2. Kee-Won Kwon et al., "Characteristics of Ta As An

Underlayer for Cu Interconnects", Advanced
Metallization and Interconnect Systems for ULSI
Applications in 1997, 1998,Vpp.711—716;

3. M.T. Wang, et al., "Barrier Properties of Very Thin Ta
and TaN Layers Against Copper Diffusion", Journal
Electrochemical Society, 'July 1998, pp.2538-2545;

CERTIFICATE OF MAILING BY "EXPRESS MAIL"

"Express Mail" Mailing Label Number: EE692181515US
Date of Deposit: June 19, 2000

I hereby certify that this cgrrespondence is being deposited
with the United States Postal Service "Express Mail Post Office
to Addressee" service under 37 C. .1 §1.10 on the date. indicated-
above and is addressed to the Assilgta
and Trademarks, Washington) D.C. 2

Dated: June 19, 2000
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4. D. Denning, et al., "An Inlaid CVD Cu Based Integration
for Sub 0.25um Technology, 1998 Symposium on VLSI ,
Technology Digest of Technical Papers, 1998, pp. 22-23;

5. Japanese Unexamined Patent Publlcatlon No. 8—139092,
© dated May 31, 1996; : -

6. Japanese Unexamined Patent Publlcatlon No. 8-274098,
‘dated- October 18, 1996;

7. Japanese Unexamined Patent Publlcatlon No. 9-64044,
dated March 7, 1997

8. Japanese Unexamined Patent Publication No. 10-256256,
dated September 25, 1998. .
Applicants are submlttlng coples of the above c1ted

references. The relevance of the references has been descrlbed

in the specification. Therefore, translations are not-required.

InaSmuch as this Information Disclosure Statement is

being submitted in accordance with the schedule set out in 37}

C.F.R. § l.97(b), no petition, certlflcatlon or fee is requlred

Respectfully submitted,

o 7

Paul’J. Esatto, L
Registration No. 30,749
Scully, Scott, Murphy & Presser
400 Garden- C1ty Plaza . ‘
Garden City, New York 11530
(516) 742-4343 -

PJE/am
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METHOD OF FABRICATING THE SAME

o ' o ’\'mca-——
Assistant Comm1551oner for. Patents : . T
Washlngton, DC 20231 : N

CLAIM OF PRIORITY

Sir:

Appllcants in the above- 1dent1f1ed appllcatlon hereby
claim the right of priority in connectlon w1th Title 35 U.s.cC.
§ 119 and in support thereof, herewith submlt a certlfled copy of

| Japanese Patent Appllcatlon 11 214110 filed on' June 24,.1999.
Respectfully submitted"

© paul 27 Esatto, Jr.
Registration. No 30,749

Scully, Scott, Murphy & Presser
400 Garden City Plaza ,
Garden City, NY 11530

(516) 742-4343
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Application No. " Appticant(s)
Co 09/596,415 TAGAMI ET AL.
Office Action Summary YT, : — AT

Hung K. Vu ’ .| 2811

-- The MAILING DATE of this communlcatlon appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS S‘ET TO EXPIRE 1 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available urider the provisions of 37 CFR 1.136 (a). In no event, however, may a reply be timely filed

after SiX (6) MONTHS from the mailing date of this communication.

If the period for reply specified above s less than thirty (30) days, a reply within the slalutory minimum of thirty (30) days will be considered timely.

If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
Fallure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

- Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b). .

Status
1)|Z] Responsive to communication(s) filed on 19 June 2000 .
2a)(] This action is FINAL. 2b)X] This action is non-final.

)] Since this application is in condition for allowance except for formal metters, prosecution as to the merits is: '
: closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims
4)& Claim(s) 1-36is/are pending in the appllcatlon

42a) Of the above claim(s) is/are withdrawn from consideration.
5 Claim(s) ____ isfare allowed.
8)(] Claim(s) ___ is/are rejected.
7 Claim(s) is/are objected to.

8)[X Claims 1-36 are subject to restriction and/or electlon requirement.

Application Papers . ‘
9] The specification is objected to by the Examiner.
10)] The drawing(s) filed on ___._is/are objected to by the Examiner.
11)[] The proposed drawing correction filedon ____is:- a)[] approved b)[] dnsapproved
12)[] The oath or declaration is objected to by the Examiner. -

Pnonty under 35 U.S.C. § 119
13)(J Acknowledgment is made of a claim for forelgn pnonty under 35 U.S.C. § 119(a)-(d) or (f).
a)[J Al B[] some *c)[]. None of:
1.0 Certified copies of the pnonty documents have been recelved
2] cCertified copies of the priority documents have been received in Applncatnon No.__ =

3.[J Copies of the certified copies of the priority documents have been recewed in this Natlonal Stage
application from the International Bureau.(PCT Rule 17.2(a)). :
* See the attached detailed Office action for a list of the certified copies not received.

14)[] Acknowledgement is h1ade of a claifn for domestic priority under 35 U.S.C. § 119(e).

Attachment(s) . o
15) [ Notice of References Cited (PTO-892) : i 18) [ Interview Sumrhafy (PTO-413) Paper No(s)- .
16) [___] Notice of Draftsperson’s Patent Drawing Review (PT0-948) . 19) D Notice of informal Patent Application (PTO-152)

17) D Information Disclosure Statement(s (PTO-1449) Paper No(s) : . 20) D Other:

’ u.s. Patent and Trademark Office.

PTO-326 (Rev. 01-01) - Office Action Summary : " Part of Peper No. 4
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Application/Control Number: 09/596,415 ) '  Page2
Art Unit: 2811 '

DETAILED ACTION

Election/Restrictions

Restriction to one of the folloWing inventions is Fequired under 35 U.S.C. 121:
. P

1 Claims '1-'10, drawn to a semiconductor device, classified in class 257,Msubclass;
758.
IL. Claims 11-36, drawn to a method of making a semiconductor device, classified in

class 438, subclass 22%
The inventions are distinct, each from the other because of the following reés‘ons:
Inventions IT and I are related as process of méking and product ma&e. _ The inventions
are distinct if either orvbc')th of the fqllowing can be‘ shovwn:;(l) that the process -as'élairhed can be
used to make other and materially differ’érit product or (2) that the prodﬁct as "cl;aimed_ canbe -

made by another and materially different process (MPEP § 806.05(f)). In the instant case

unpatentability qf the G'roup_‘ I invention would ndt ﬁecessarily imply unpatentability of the
Group Il invention, since‘the_ device of the Group 1 invenfi_on could b“e made by processes
materially ;iiffe;ent from those of the Group 11 invention, for example, fofmirig a diffusion
 barrier film by CVD method or PVD method instead of sputtering method.
' Becausé tﬁese inventions are distinct for the reasons given above and ‘_have"acqu_ired a
separate status in the art as shdwn by their different classification, restriction for examination

- purposes as indicated is proper: ’ . ' -
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Applicant is advised thet the reply to this requirement to be complete must include an
.election of the invention to be ekamrned even though_the requirement be traversed (37CFR
1.143). |

Apnlicant is reminded _thet upon the eancellatien of claims to a non-elected inventien,v the
inventorship must be amended in compliance with .37 CFR 1.48(b) if one or movre ot; the |
currently named inventors is no longer an inventor of >at leatst one claim remaining in the
apphcatlon Any amendment of 1nventorsh1p must be accompanred by a petmon under37 -

CFR 1. 48(b) and by the fee requrred under 37 CFR 1.17@1).

Any inquiry concerning this communication or earlrer communications from the -
examiner shbuld be directed t.o Hung K. Vu whose telephone number is (703) 308-4079. The '_
examiner can normally be reachedlon Mon—Thurs 7.00-5:30, Eastern ‘Ti_mel,

- If attempts to reach the exarniner by telenhone »are unsuccessful, the exarn'iner’s
supervisor, Tom' Thomas can be renched on (703) 308-2772. The fax phone numbere for the |
organization where this applieation or broeeening ,iis assigned are (703) _30§-7722 for regular

: comnrunieations and (703) 308-7722 for After Final cornrnuni'caticjns.
Any inquiry of a gen_eral nature or relating to the status of this application or Proceeding

should be directed to the receptionist whose. telephone number is (703) 308-0956.

Vu

_ | : -Staven Loke
May 26, 2001 . _ _ - Primary Examiner

%ﬂ P

Page 203 of 333



; : ]

- | GT QB
TRANSMITTAL LETTER ‘Docket No.
(General - Patent Pending) 13715

:  Masayoshi Tagami, et al.
Serial No. Filing Date v ‘ Examiner ‘Group Art Unit )
- 09/596,415 June 19, 2000 Hung K. Vu 2811
" Title: MULTI-LAYERED WIRING LAYER AND METHOD OF FABRICATING THE SAME

TO THE ASSISTANT COMMISSIONER FOR PATENTS:

Transmitted herewith is:

RESPONSE TO REQUIREMENT FOR RESTRICTION

in the above identified application.

& No additional fee is required.
O A check in the amount of is attached.
X

The Assistant Commissioner is hereby authorized to charge and credit Deposnt Account No. 19-1013SSMP .
as described below. A duplicate copy of th|s sheet is erclosed. '
a Charge the amount of

X Credit any overpayment.
X Charge any additional fee reqmred

. o o
' na By
. : 2 = om
& oD
- — Ty
o o =
/ m . ‘ = o
A Dated: July 5, 2001 _ . 8 o
Signature . ‘ ) e}
- =
Paul J. Esatto, Jr., Reg. No. 30,749 C : . xR
Scully, Scott, Murphy & Presser : , _ .
400 Garden City Plaza ' | | certify that this document and fee is being deposited on
Garden City, New York 11530 7/5/01 i with the U.S. Postal Service as first
(516) 742-4343 class mail under 37 C.F.R. 1.8 and is addressed to the
Assistant Commissioner for Patents, Washlngton D.C.
20231.
&,ﬁm ok M/l Jora) L\/NL(&/Y\
0 Signature of Person Mailing Correspondence
cc: : Janet Grossman
' Typed or Printed Name of Person Mailing Correspondence
" Copyright 1895 Legalsoft

P16A/REVO1 |
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9\ ' TRANSMITTALLETTER B Docket No.
‘ JuL o 9@0'_ " (General - Patent Pending) - = . ‘ S & 1 1
: : Applic Of: Masayoshi Tagami, et al, |

Serial No. ' .Filing ,Date'.' . ' ' Examiner » - Group Art Unit
" 09/596,415 June 19, 2000 - Hung K. Vu _ ‘ 2811

;')‘Title: MULTI-LAYERED WIRING LAYER AND METHOD OF FABRICATING THE SAME

TO THE ASSISTANT COMMISSIONER FOR -PATENTS:

Transmitted herewith is: _
. RESPONSE TO REQUIREMENT FOR RESTRICTION -

in the above identified application.'

® No additional fee is reduired.
1 A check in the amount of ' s attached.

&. The Assistant Commissioner is hereby authorized to charge and cred|t Deposnt Account No 19-1013SSMP
as described below. A duplicate copy of this sheet is enclosed.
Q" Charge the amount of

_.1
Credit any overpayment. _ , v ; <2
. . ‘ ‘ : g} -
Charge any additional fee required. . ; S ;;E’l
o Pt
) : . . < o
. . : . =z — M
‘ ’ : he o=
| : o | o = =
L . L r_; ',}:3_; X
. . » - "o —s D
. b=y
I Ji / B Dated: July 5, 2001 =3
Signature
PaulJ Esatto, Jr., Reg. No. 30, 749
Scully, Scott, Murphy & Presser v o
400 Garden City Plaza - I certify that this document and fee is'being deposited‘ on
Garden City, New York _11530 ' ' o o 7/5/01 * with the U.S. Postal Service as first
(516) 742-4343 , - ’ : class mail under 37 C.F.R. 1.8 and is -addressed to the
B : . Assistant Commlssmner for Patents, Washington, D.C.
20231. T .
i E 'Signature of Person Mailingv Correspondence
cc: . Janet Grossman .
. ! Typed or Printed Name of Person Mailing Correspondence l 3

Copyright 1985 Legalsoft P1 6(//\IREV01
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PATENT

#f/ﬂa

~ + INTHE UNITED STATES PATENT AND TRADEMARK OFFICE 7 / / (//g / >
! Applicants. Masayoshi. Tagami, et al. Examiner: Hung K. Vu M :
Serial No.:  09/596,415 " Group Art Unit: 2811 '

' Filed: June 19, 2000 ~ Docket: 13715

‘For: MULTI-LAYERED WIRING LAYER  Dated: July 5, 2001
" AND METHOD OF FABRICATING THE SAME

Assistant Commissioner for Patents
Washington, DC 20231

RESPONSE TO REQUIREMENT FOR RESTRICTION
Sir: |
Pursuant to the Restriction Requirement imposed in the Official Action dated June 5,
2001, Applicant provisionally elects the claims of Gr_oue Lie, Claims 1-10 for continueci |

prosecutlon herem

Claims 1-36 are present in the above captloned apphcatlon and have begn subjected to |
(ep]

restriction under 35 U. S. C. §121 Specifically, the Official Action avers that the follotwmg—mveﬁqons

: < ’_’)
are present in the claims: » : = = j
- ‘ o
e 1T
<
L : 4 : =)
CERTIFICATE OF M‘AILING UNDER 37 C.F.R. 1.8(a -

I hereby certify that this correspondence is belng depos1ted with the United States i
_ Postal Service as first class mail in an envelope addressed to: Assistant Commissioner for Patents
Washington, DC 20231 on July 5, 2001.

Dated: July 5,2001 - Lot ,H/\)GWWL

Ja‘xet Grossman’

G:\NEC\1210\13715\amend\13715.am1
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Groﬁp I, "Cléims 1-10 drgwﬁ fco a semiconductor dévice, classified in class 257,
subclasé 758, vand | |
- Group II, Claims 1 1-3 6,‘ drawn to é fnethod éf rﬂaking a se‘mi".cvonductor device,
~ classified in class 438, subclass 22+. |
-Itis the Exarriiner'é position that the inventions listed as Groups I and II are distinct
. from each other. | | | |
In response tp the Examiner’s requirement for restriction, Appliéanf provisionally -
elects to prosecute the subject mattef of Group I, _Claims .1-10. ‘However, A‘pplié_apt reserves th_¢ rig_ht
under 35 U.S.C. § 121 to file one or more divisional applicétiOhs directed to the nég-elected clai*n_'s 1n
~ this application. |
| In view of the fofegoing, an exéﬁﬁhatién on the merits of the electgd ‘clairr'1s,b'at an
early date, is eamésﬂy solicited. | | |
| Respectfully subrrﬁtted,
. Paul J./Esatto, Jr.

Registration No. 30,749

. SCULLY, SCOTT, MURPHY & PRESSER
400 Garden City Plaza o
Garden City, New York 11530
(516) 742-4343

" PJE:ae

G:\NEC\lZ_lO\l3715\amend\13715.am1 :
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§ & “UNITED STATES :PARTMENT OF COMMERCE
. s Patent and Trademark Office. -~ :
Y & Address: - COMMISSIONER OF PATENTS AND TRADEMARKS -
Stargs of Washington, D.C. 20231 |, '
- 4 - - i - .
APPLICATION NO. - | FILING DATE ‘ FIRST NAMED INVENTOR - ATTORNEY, DOCKETNO. |
T ] YR TN Faarr L 1} AT Mo - A~
' ‘ EXAMINER S
| ARTUNIT * PAPER NUMBER |
. e ol 1 .

\
5

RS

DATE MAILED:

Please find below and/or attached an Office communication conceﬁning this .applicatioAn or
proceeding. ' ’

Commissioner of Patents and Trademarks -

PTO-90C (Rev. 2/95)

1- File Copy
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_Application Ng. ‘ - Applicant(s)
. 09/596,415 TAGAMI ET AL.
‘ Office Action Summary Examiner — T At Uit
Hung K. Vu ) 2811 .

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address -
Period for Reply .

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be tlmely filed
after SIX (6) MONTHS from the mailing date of this communication.
- If'the period for reply specified above is less than thirty (30) days, a reply within the slatutory minimum of thirty (30) days will be considered tlmely
- If NO period for reply is specified above, the maximum statutory period will apply and will éxpire SIX (6) MONTHS from the mailing date of thls communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED . (35 U.S.C. § 133).
- .Any reply received by the Office later than three months after the mailing date of this commumcatxon even if timely filed, may reduce any
earned patent term adjuslment See 37CFR'1. 704(b) : . . .

Status . .
1)& Responsive to communication(s) filed on 09 July 2001 .
2a)[]* This action is FINAL. v . 2b)X This action is non- ﬁnal

3)[0J Since this application is in condition for allowance except-for fon'nal matters prosecution as to the ments is
‘ closed in accordance with the practlce under Ex parte Quayle 1935 C.D. 11, 453 O.G. 213.

Dlsposmon of Claims
- &)X Claim(s) 1-36is/are pending in the application
4a) Of the above claim(s) 771-36 is/are withdrawn from con5|derat|on

5[] Claim(s) is/are allowed.

6)& Claim(s) 1-10 is/are rejected.

7)0] Claim(s) ____ is/are objected to.

:8)] Claim(s) are subject to restriction and/or election requirement. -

Application Papers
‘ 9)[_] The specifi ication is objected to. by the Examiner.
10)] The drawing(s) filed on is/are: a O accepted or b)[] objected to by the Examiner.
Applicant may not request that any ‘objection to the drawmg(s) be held in abeyance. See 37 CFR 1.85(a).
is: a)(J approved b)l:] dlsapproved bythe Examiner.

11)[] The proposed drawing correction filed on
If approved, corrected drawings are required in reply to this Of‘ﬁce action.
12)[] The oath or declaration is objected to by the-Examiner.
Priority under 35 U.S.C. §§ 119 and 120
| 13)X Acknowledgment is made of a claim- forforelgn priority under 35 U.S.C. § 119(a)- (d) or (f).
a)E All b)[J Some *¢)[] None of:

1 X Certified copies of the priority documents have been recelved
2.0 certified copies of the priority documents have been received in Appllcatnon No. -

3. Copies of the certified copies of the priority documents have been received in this Nat|ona| Stage
application from the International Bureau (PCT Rule 17.2(a)). . .
* See the attached detailed Office action for a list of the certified copies not received.

-14)[] Acknowledgment is made of a claim for domestic priority under 35U.8.C. § 119(e) (to a prowsmnal appllcatlon)

, a) (] The translation of the foreign Ianguage provisional application has been recelved
15 Acknowledgment is made of a clalm for domestic prlonty under 35 U.S.C.§§. 120 and/or 121.

Attachment(s)

1) & Notice of References Cited (PTO-892) i ' E] Interview Summary (PTO- -41: 3) Paper No(s).’ .
2) D Notice of Draftsperson’s Patent Drawing Review (PT0-948) . [:] Notice of Informal Patent Application (PTO 152)

3) @ Information Disclosure Statement(s) (PTO-1449) Paper No(s) 3. D Other: .

U.S. Patentand Trademark Office [ B - - I - T —
PTO-326 (Rev. 04-01) ) . ~ "Office Action Summary ' Part of Paper No. 6.
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Application/Control Number: 09/596,415 ' o . Page 2

Art Unit: 2811
DETAILED ACTION
'Election/Restrictions
1. Applicant's election of Invention of Group I, Claims 1-10, 1n Papef No.Sis-

acknowledged. Because appl_icént did not distinctly and specifically point out the supposed
errors in the restriction requirerﬁént, the election has been treated as an election‘without tl;averse
(MPEP § 818.03(a)). | |
Applicant's election witho'ut traverse of Invention of Group I, Claims 1-10, in Paper No. 5
_ 1s acknowledged.
Claims 11-36 are withdrawn frorh fufther consideration pursuant to 37 CFR 1.142(5) as
being drawn to a nonelected Inveﬁtion, there being no allowablé generic or linking claim. |

Election was made without traverse in Paper No. S.

Claim Rejections - 35 USC § 102
2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the

basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on
sale in this country, more than one year prior to the date of application for patent in the United States.

Claims 1-3, 5-7, and 10 are rejected under 35 U.S.C. 102(b) as being anficiﬁated by
Vitkavage et al. (PN 5,858,873). |
Vitkavage et al. discloses a barrier.ﬂ_l'm preventing diffusion of copper from a copper wir'ing‘
layer formed on a sémiconductor substrate (2), combri'sing a multi-layered structure of first énd-

second films,
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A first film (14) being composed of crystallme metal contalmng mtrogen therein,
The second film (12) being composed of amorphous metal nitride,

The barrier film being constltuted of common metal atomic species. Note Figures 1-4 of

Vitkavage et al..

‘ With regard to claims 2 and 6, Vitkavage et al. di'sc,loses wherein the first film is formed onthe ‘

second film.

With regard to claims 3 and 7, Vifkavage et al. discloses wherein the second film has 4 thickness

in the range of 60 angstroms to 300 angstroms both inclusive.

With regard to claim 10, Vitkavage et al. discloses a eopper film (18) formed on the ﬁrst film.

" Claim Rejections - 35 USC § 103
3. .~ The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rej ections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are
such that the subject matter as a whole- would have been obvious, at the time the irivention was made to a person
‘having ordmary skill in the art to which said subject matter pertams Patentablhty shall not be negatived by the
manner in which the invention was made.

‘ '_Claims 4, 8, and 9 are rejected under 35 U.S.C. 103(a) as beiﬁg unpatentable over
. Vltkavage et al. (PN 5 858 873) B A ’ " S
With regard to claims 4 and 8, Vltkavage et al. discloses all of the cla1med limitations except the

thickness of the first film. However, it would have been obvious to one of ordinary skill in the:
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art to form Vitkavage et al.’s first film having a thickness as claimed range because the thieleness
of the first film is variable of importance subj ect to routine expe‘r_imentationvand optifmizatiovn..}
Also, the fhickness diffefences are considered obvious design choices_ and are not petentable -
- unless unobvious or unexpected results are obtained from these chances. It appears tha; these
changes produce ne functional differences and therefore would have been obvious. See Iﬁ re

Woodruff, 919 F.2d 1575, 1578, 16 USPQ2d 1934, 1936 (Fed. Cir. 1990).

With regard to claim 9, Vitkavage et al. discloses whe‘rein the barrier film covers a recess and a

hole (10) formed throughout an 1nsulat1ng ﬁlm (8) formed on an underlymg reglon (4)

Vitkavage et al. dlscloses the underlymg region is a d1ffus1on reglon Vitkavage et al. does not o o

disclose the underlying region is a wiring layer. However, it would have been obvious to one of -
“ordinary skill in the art at the time the invention was made to form the underlying regidn of
Vitkavage et al. as the wiring layer in order to connect to other parts of the circuit to perform

additional functions.

Conclusion
4 Any inquiry concernmg this commumcatlen or earher communications from the
_examiner should be directed to Hung K. Vu whose telephone number is. (703) 308-4079. The '
examiner can normally be reache{d on Mon-Thurs 7:00-5: 30, Eastern Time.
If attempts to reach the examiner by telephone are unsuecessful, the examinef’s

supervisor, Tom Thomas can be reached on (703) 308-2772. The fax phone numbers for the
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. Art Unit: 2811 ‘

organization where this application or proceeding is assigned are (703) 308-7722 for regular
- communications and (703) 308-7722 for After Final communications. -
Any inquiry of a general nature or relating to the status of this applicz{tion or proceeding

should be directed to the réceptionist whose telephone nufnbér is (703) 308-0956. - -

Vu - Steven Loke

Primary Examiney

- September 19, 2001 | } %‘ ﬂ%
' . ’ . R ) Corn’ [
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Application/Control No.
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/ )

eexamination

‘ «\"pplicant(s)/‘Patent Under

. : “TAGAMI ET AL.

' Notice of References Cited T 1 .

i . Exami Art Unit

Hungd K. Vu 2811 Page 1 of 1
) u.s. PATENT DOCUMENTS
* Document Number Date - o
Country Code-Number-Kind Code MM-YYYY . Name Classification
A | US-5,858,873 011999 VITKAVAGE ET AL 438 | 836
B us- w”’”"""w / b -
C us- - s —F
D { US- /
£ | Us-
Flus
e | Us- "
H Us- . /
| Us-
J us- : /
K US- /7
L Us- / -

M. U)/

FOREIGN PATENT DOCUMENTS

* | Document Number
Country Code-Number-Kind Code

Date
MM-YYYY

Country Name

Classification

/ .

o

o

Tl O

/

w

NON-PATENT DOCUMENTS

Include as applicable: Author, Titie Daté, Publisher, Edition or Volume, Pertinent Pages).

X

*A copy of this refereﬁce iﬁ noi being furnished with this Office aélion. (See MPEP § 707.05(a.)4)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001)
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AMENDMENT TRAN SMITTAL LETTER (Large Entlty) Docket No.
A_ppllcant(s) Masayoshl Tagami, et al. 13715

Serial No. Filing Date Examiner Group Art Unit-

09/596‘415 June 19, 2000 H. Vu z

JAN 2 8 2002

@I&r{: ﬁ\lyLTI-LAYERED WIRING LAYER AND METHOD OF FABRICATING THE SAME

) ‘-‘f'if. 2t

o -
w‘@ - TO THE ASSISTANT COMMISSIONER FOR PATENTS: - - L%,_ ,
Transmltted herewith is an amendment in the above-identified appllicatioh.

The fee has been calculated and is transmitted as shown below.
CLAIMS AS AMENDED »
CLAIMS REMAINING HIGHEST # NUMBER EXTRA . ADDITIONAL
AFTER AMENDMENT | PREV. PAID FOR CLAIMS PRESENT RATE . FEE ]
TOTAL CLAIMS: 36 - ' 36 = ) Olx $18.00 $0_.00’
INDEP. CLAIMS 6 - 6 = O|x  $84.00 $0.00
: Multiple Dependent Claims (check if applicable) - O - $0.00
TOTAL ADDITIONAL FEE FOR THIS AMENDMENT ' $0.00

5

®O O

No additional fee is required for amendment.
Please charge Deposit Account No. '
A duplicate copy of this sheet is enclosed.
A check in the amount of to cover the filing fee is enclosed. .
The Commissioner is hereby authorized to. charge payment of the following fees associated with this
' communication or credit any overpayment to Deposit Account No.
A duplicate copy of this sheet is enclosed. '
O Any additional filing fees requwed under 37 C.F.R. 1.16.

O Any patent application processing fees under 37 CFR 1.17.

Anthony N. Fresco

(516) 742 4343

cc:

Signature

‘Registration No.: 45,784

Scully, Scott, Murphy & Presser
" 400 Garden City Plaza
Garden City, New York 11530

Oty /NG

- in the amount of

Dated: December 20, 2001

-19-1013/SSMP

A

1 rt‘ify that this document and fee is being deposited
- ||on 12/20/01 Mith the U.S. Postal Service as
first clags mail under 37 C.F.R. 1.8 and is-addregSsed to the
Assist ] Commjssiongr for Patefitsy ngton, -D.C.
20231. A
‘ . |-
Signature of Person Mailing Correspondence .
' MishellevMustafa
/ Typed or Printed Name of Person Mailiftg Cor.resp_ondenceA
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Applicant(s): Masayoshi Tagami, et al.

il ° AMENDMENT TRANSMITTAL LETTER (Large Entity) Docket No.

13715

0

Serial No.
_ 09/596,415

/'\.

Filing Date  Examiner : v Gmup<A1:t Untt”

June 19, 2000

o 81L>' < 7

ke

H.Vu

N2 8T

! &
% ¢
S S
Z& rRapedy

TO THE ASSISTANT COMMISSIONER FOR PATENTS:

The fee has been calculated and is transmitted as shown below.

Transmitted herewith is an amendment in the above-identified'application.

(516) 742-4343

CC:

CLAIMS AS AMENDED
- CLAIMS REMAINING HIGHEST # NUMBER EXTRA ’ ADDITIONAL
- RATE :

. , AFTER AMENDMENT PREV. PAID FOR | CLAIMS PRESENT , FEE .
TOTAL CLAIMS . < I 3% = O|x $1800 || $0.00
INDEP. CLAIMS 6 6 = " O[x $84.00 | $0.00
Multiple Dependent Claims (check if applicable) a $0.00

TOTAL ADDITIONAL FEE FOR THIS AMENDMENT $0.00
No additional fee is fequired for amendmént. _
n _D Please charge Deposit Account No. in the amount of
SA duplicate copy of this sheet is enclosed.
a A check in the amount of to cover the filing fee is enclosed. 4
X The Commissioner is hereby authorized to charge payment of the following fees associated with this
communication or credit any overpayment to Deposit' Account No. 19-1013/SSMP
A dupllcate copy of this sheet is enclosed. -
CI Any additional i Img fees required under 37 C.F.R. 1.16.
3 Any patent application processing fees under 37 CFR 1.17.
M&W/% %W Dated: December 20, 2001
Signature .
Anthony N. Fresco
Registration No.: 45,784 n
PO certify that this document and fee is being deposited
Scully, Scott, I?’Iurp hy & Presser n 12/20/01 with the U.S. Postal Service as
400 Garden City Plaza ‘ rst Flidss mail under 37 £-F.R\1.8 and is addressed to the
Garden City, New York 11530 ténts, Washingtor D.C.

/N
Signature of Person Mallmg\SXespondexgce Y
. \

Mishelle Must:

_J/yped or Printed Name of Person Mailing Corfespondence
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/ | o | ~ PATENTS
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE |
Applicants: Masayoshi Tagami, et al. ‘Examiner: H. Vu
Serial No:  09/596415 CArtUnit: 2811
Filed: June 19,2000 . ‘Docket: 13715
J . . ' )
For:  MULTI-LAYERED WIRING Dated:.
" LAYER AND METHOD OF

FABRICATING THE SAME
- Assistant Commissioner for Patents
United States Patent and Trademark Office
- Washington, D.C.: 20231

RESPONS_E UNDER 37 C.F.R. §1.111

Sir: : o - g L
In response to. the official Office Action dated September 25, 2001, the

applicant respectfully presents the following Amendment and Remarks aé set forth herein

bglbw.

IN THE CLAIMS:

" Please c&ncel claims 2 and 6.

Please amend claim 1 to read as folloWs:

I hereby certify that this correspondence is being deposited with the United States
Postal Service as first class mail in an envelope addre: : fssistant Commissioner fe

Dated: December 20, 2001

ginec\l 210\13715\amend\13715.am2.doc

:{'/\‘
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- N ‘ .. said first film being composed of crystalline metal 'containing nitrogen-therein,

pstituted of common metal atomic species,

said first film being form éai second film,

said first film containing v'trogen in a smaller content than that of said second

|  film.

said second film being d mp_ose of afnorphous metal nitride,
said barrier film being constituted of\common metal atomic species,
said first film _beixjg formed on said secoxd film,

] - ~ said first film containing nitrogen in a smaller content than that of said second

/ . film.
o I , Pleasé add the following new claims 37 and 38.
o | i’f (New) The barrier film as set forth in claim 1, wherein ;aid .ﬁrst‘ film is
6 - composed of B -Ta and TaNo,‘l,' and said second film is compbsed of TazN. E
a 3'; (New) The mulrti-l'ayerevd wirihg‘ structure as set forth in claim 5, whereih

said first film 1s compred of B -Ta and TaNy 1, and said second film is composed of "Ta'zN.h A :

-2- .
g\nec\1210\13715\amend\13715 .am2.doc
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REMARKS
- Reconsideration of this application based on the foregoing Amendment and the
‘ followmg Remarks is respectfully requested.

The Examiner has acknowledged the apphcant s electron of Group I, clalms 1-
10; in the applicant’s Response toa Requrrement for Restriction of July‘S, 2001. Claims 11-
36 are withdrawn from c_onsideration pursuant to 37 CFR.§ 1.142(5)“as being drawn to a |
nonelected invention, there being no allowéble generic or linking claim. The Examiner has '

- treated the election asvan election wirhout traverse, in that the election was made wrthout
' t'ras'erse in the applicant’s July‘5 2001 response. .
Clalms 1-3, 5 7 and 10 stand rejected under 35 U.S.C. § 102(b) as bemg
,b ant1c1pated by Vitkavage et a1 (U.S. 5 858 873) and claims 4 8 and 9 stand rejected under 35
U.S.C. § 103(a) as berng unpatentable over Vitkavage et al.

In response, the applicants have amended claims 1.and 5 to r_eeite that the first |
film is formed on the second film, the ﬁrst film containing nitrogen vin a smaller content than
that of the second film. The applicants have added new claims 37 and 38 which recite that the

- first film is eonrposed of -Ta and TaNjp; and the second film is eomposed of'TagN.' Support
. for the amendment to claims 1 and 5 and tne eddition of new claims 37 and 38 is provided in
the specification on page 23, line 20, to page 30, 1in’e 1., of the 'anplication. No new matter has
been added. | .
| Vitkavage e;t ai. discloses in colurnn 4, lines 1-12, that the ﬁrst leyer 14is - .
' compnsed of a refractory material such as refractory nitride, carblde or boronide. For
lnstance the ﬁrst layer 14 is comprised of TiN, TiC or TiB. The adhesron or second layer 12

~ is comprised of a metal such as Ti, Ta, Zr, Hf or W The first layer 14 is formed on the

g:\nec\1210\13715\amend\13715.am2.doc
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second layer 12. In a typical case in the cited reference, the first layer 14 is eomposed of T1N

is formed on the second layer 12 composed of Ti. Herein, the ﬁrstvlayer 14 contains nitrogen

in a higher content than that of the second layer 12.

In contrast, in the present invention, claims 1 and 5, as amended, and the

corresponding new dependent claims 37 and 38, recite that the first film 16 in the present
invention is comprised of a crystalline metal film containing nitrogen therei_n.' For instance,
the first film 16 is composed of TaNg; which is called nitrogen-contajning-'q -Ta,‘ ora

combination of TaNy; and B -Ta. ‘T:he 'second‘ﬁlm 15 in the pfesent invention is comprised of

an amorphous metal nitride film. For instance, the second film 15is composed of Ta,N. That

is, the first film 16 is composed of crystalline metal containing nitrogen at 10% or smaller,

- which is structurally different from the cited reference.

Page 220 of 333

“and the second film 15 is composed of amorphous metal nitride containing nitrogen at about

30%. The first layer 16 contains nitrogen in a smaller content than that of the second film 15,

/S

In addition, in the present invention of amended claims 1 and 5, the copper

film 18 makes contact withvthe first film 16 beneath which the" second film 16 is formed. As |

, .111ustrated in Fig. 9, the first ﬁlm 16 composed of n1trogen-conta1n1ng crystalhne metal has a

smaller re51st1v1ty that that of a Ta ﬁlm contalmng no n1trogen Hence, the ﬁrst ﬁlm is formed

ofnota pure-metal ﬁlm, but a mtrogen-contalmng crystalline metal»ﬁlm.
Therefore, the applicants respectfully maintain that the presentinvention of

amended claims 1 and 5, and new claims 37 and 38 patentably d1st1ngulsh over V1tkavage et

al and that the claims are not antlclpated by. Vltkavage et al. under 35 U.S. C § 102(b) C1a1m

3 stands together w1th clalm 1 and claims 7 and 10 stand together with clalm 5

‘ g:\hec\lzlo\m15’\amend\13715_.an:12'.'doc
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With regard to the rejections of claims 4, 8 and 9 under 35 U.S.C. § 103(a), the - .
T applicants respéptfu_lly maintiain that claim 4 stand§ together with ciaim 1, as amended, and
claims 8 aﬁd 9 stand together with claim 5,:as axﬁ_ended.
The foregoing Amendment and Remarks establish the patentable nature of all
of the claims under consideratidﬁ in the application, i.e., claims 1, 3-5, and 7-10. Cvlai‘ms 2
aﬁd 6 have been cancélled.' No new matter has been added, wherefore, early and faVorable: R
reconsideration of the present applicatiori and issuance of av Notice 6fv.Allowabi1it}.i are

respectfully requested.

Respectfully submitted '

“Anthony N<Fresco
Registration No.: 45,784

Scully, Scott, Murphy & Presser
400 Garden City Plaza ’
: Garden City, New York 11530 g
: (516) 742-4343 . ) S oo

ANF:cm _ _ .
Encl. (Version with Markings to Show Changes Made)

g:\nec\l 210\13715\amend§l3715.am2.doc
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VERSION WITH MARKINGS TO SHOW CHANGES MADE
Iﬂ the Claims: |
‘Claims 2 and 6 have been cancelled.
Claim 1 has been amended as follows:

1. (Amended) A barriér film preventing difﬁlsion of copper from a c;pper
wiring 1ayer formed on a semiconductor substrate, comprising a multi-layered structure of
first and second films, |

said first film being cdmposed of crystalline metal containing nitrogen therein,

said second film being cdmposed of amorphoﬁs met'a] nitride,

said barrier film being constituted of common metal atomic species,

said first film being formed on said second ﬁlm

~ said first film containing nitrogen in a smaller content than that of said second

film.

" Claim 5 has been amended as follov.vs;

5. (Amended) A multi-layered wiririg structure comprising a barrier ﬁlrp
which prevents diffusion of copper from a éopper wiring layer‘fc‘)r‘med ona ’senbliconiductor
substrate, |

said barrier film having a ﬁmlti-laye’red structure of first and second films,

said first ﬁlm being cémpoSed of crystalline metal containing nitrogen therein,

said second film being composed of amorphous metal nitrid'_e,. _

said barrier film being constituted of common mefal atomic species,

said first film being.formed on said second film,

g:\nec\1210\13715\amend\13715.am2.doc
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said first film containing nitrogen in a smaller content than that of said second -

film.

New claims 37 and 38 have been édded as»f«l)llows:

37. (New) The barrier film as set forth in claim 1, wherein said ﬁrét film is.

composed of B -Ta and TaNy, and said second film is composed of TapN. .

/

38. (New) The multi-layered wiring structure as set forth in claim 5, wherein

~ said first film is composed of B -Ta and TaNo,, and said éecond film is composed of Ta,N.

g\nec\1210\13715\amend\13715.am2.doc
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[ . , o Appllcatlon No.: ‘ 3 Appllcant(s)
‘ , , 00/506,415 . | TAGAMIET AL -
Office Action Summary Examiner At Unit
Hung K. Vu W 2811,

-- The MAILING DATE of this communlcatlon appears on the cover sheet w:th the correspondence address --
Period for Reply : / .

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a'reply be timely fi led
after SIX (6) MONTHS from the mailing date of this communication.
- If the period for reply spetified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered lnmely
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35U.8.C.§133).
- Any reply réceived by the Office later than three months after the malllng date of this communication, even if timely filed, may reduce any

. -earned patent term adjustment. See 37 CFR 1.704(b).

Status v _ N
)X Responsive to communication(é) filed on 20 December 2001 . ‘
2a)X This action is FINAL. _2b)[] This action is non-final. .

)] Since this’ application is in condition for allowance except for formal matlers prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle 1935 C.D. 11 453 0.G. 213.-

Disposition of Claims

4 Claim(s) 1,3-5 and 7-38 is/are pending in the appllcatlon

4a) Of the above clalm(s) 11-36 is/are withdrawn from consideration.

5C] Claim(s) is/are allowed. -

.6)& Clalm(s) /3" |s/are rejected.

7)& Claim(s) 37 and 38 is/are obJected to.
81 Claim(sy ___are subject to restriction and/or electlon reqmrement
Application Papers . :

9)[] The specification is objected to by the Examiner. o _
10)[_] ‘The drawing(s) filed on _ is/are; a)[] accepted or b)l:l objected to by the Examiner.
Applicant may not request'.that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a):

is: a)[] approved b)(] disapproved by the Examiner.

1] The proposed drawing correction filed on
If approved corrected drawings are required in reply to th|s Ofﬁce action.

12)Ij The oath or declaration |s objected to by the Examiner. ~
Priority under 35 U.S.C. §§ 119 and 120 '
13)[] Acknowledgment is made of a clalm for forelgn pnonty under 35 U.S.C. § 119(a) (d) or. (f)
a)(JAll b)(J Some * ¢)[J None of: -
1. Certified copies of the priority documents have been received. .
2. Cemf ed copies of the priority documents have been recelved in Application No -

3.[J Copies of the certified copies of the priority documents have been recelved in this National Stage '
v application from the International Bureau (PCT Rule 17.2(a)). .
* See the attached detailed Office action for a list of the certified copies not received.

14)[J Acknowledgment is made of a claim for domestlc priority under 35U.8.C. § 119¢(e) (to a prowsmnal appllcatlon).

a) D The translation of the forelgn language provisional appllcatlon has been recelved
15)D Acknowledgment |s made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.

Attachment(s)

1) X Notice of References Cited (PTO-892) 4) [ ' interview Summary (PTO-413) Paper No(s).
D Notice of Draftsperson’s Patent Drawing Review (PTO-948) D Notice of Informal Patent Appllcallon (PTO 152) )
3) [] Information Disclosure Statement(s) (PTO-1449) Paper No(s). . [] Other: :

U.S. Patent and Trademark Ofﬁce W

PTO-326 (Rev. 04-01) . ) ‘ : Office Action Summary o Part of Paper No. 8.

Page 225 of 333
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Art Unit: 2811 '

‘DETAILED ACTION

- Claim Rejections -35U8SC§ 102
1. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the

basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented,or described in a printed publication in this or a foreign “country or in public use or on
sale in this country, more than one year prior to the date of application for patent in the United States:

Claims 1, 3-5, 7-10 are rejected under 35 U.S.C. 102(b) as being anticipated by Hong et
al. (PN 5,668,411). Note Figures 7-“10 ;(md Table 1 of Hong‘ et al..
Hong et al. discloses a barrier film preventing diffusioh of copper from:a copper-wiring laiyer
formed on a semiconductor substrate (22), comprising a multi-layered strucfure of first and
.sécond ﬁfms,

A first film (48) being composéd of crystalline metal containing nitfogen fherein,

The second film (44) being composed of amorphous metal nitride,

The barrier ﬁlni being constituted of common metal atomic species (Ti,Ta,W),

The first film being formed on the second film,

The first film céntaining nitrogen (TiWN, TiAIN,TiSiN,TaSiN) in a smaller content‘than

that of the second film (TiN, TaN).

“With regard to claims 3 and 7, Hong et al. discloses wherein the second film has a thickness 100-

6000 angstroms (within the rangelof 80 angstroms to 150 angstroms both inclusive).
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With regard to claims 4 and 8, Hong et al. discloses wherein the first film has a thickness 1004

1000 angstroms (within the range of 60 angstroms to 300 angstroms both inclusivé)‘v

- With regard to claim 9, Hong et al. discloses wherein the barrier film coversia recess and a hole

- formed throughout an insulating film (30) formed on an underlying wiring layer (22).

1

With regard to claim 10, Hong et al. disc_ldses'a copper film (26) formed on the first film

Response to Arguments
2. Applicant's arguments with respect to claims 1 and 5 have been considered but are moot

t

in view of the new ground(s) of rejection.

Allowable Subject Matter |
. . 8 L
3. Claims 37 and 38 are objected to as.being dependent upon a rejected base claim, but

would be allowable if rewritten in independent form including all of the limitations of the base.

" claim and any intervening claims.

4. The following is an examiner's statement of reasons for allowance:
Applicants’ claims 37 and 38 are allowable over the references of record because none of
L : s 5 .
these references disclose or can be combined to yield the claimed invention such as the first film

is composed of B-Ta”au‘ld TaNo.;, and the second film is composed of Ta;N.
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Application/Control Number: 09/596,415 o ‘Page 4
Art Unit: 2811 5 '

C;onclusion’

' 5. Applicant's amendment neceesrtated the new ground(s) of rejection presented in this
Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a).

‘ Apphcant is reminded of the extension of t\me pollcy as set forth in 37 CFR 1. 136_(a). ‘

| A shortened statutory period for reply to this final acﬁdn is set to enpire THREE

MONTHS from the mniling date of .this action. 'Inv the event a first reply is filed within T‘V.VAO_'
MONTHS of the mailing date of this ﬁnal action and the advisory action is not mailed until‘aﬁer
the end of the THREE-MONTH shorrened statutory period,. then the ehortened statu,tery period
will expire on the date the advivsory eetion is mei_led, and any extension fee pursuant to 37

CFR 1.13'6(a) will be calculated from the rnaihng date of the advisory a‘ctio"n. In no evenr,
however, will the statutory period for reply expi‘re.later than SIX MONTHS frorn the date of this
final action. i | | | | .

Any inquiry concerning this communication or eérlier communications from the - :
examiner should be dlrected to Hung K. Vu whose telephone number is (703) 308-4079.. The:
examiner can normally be reached on Mon-Thurs 7:00-5: 30 Eastern Time.

If ettempts to reach the examiner by telephone are unsuccessful, the exaniiner’s

s supervrsor Tom Thomas can be reached on (703) 308 2772 The fax phone numbers for the
B orgamzatron where this applrcatron or proceedrng is assrgned are (703) 308-7722 for regular '
communications and (703) 308-7722 for After Final comimunications.

Any inquiry of a‘general nature or relating to the status of this apulication or nrbceedling

~ should be directed to the receptionist whose telephone number is (703) 308-0956.
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‘ invention:. MULTI-LAYERED WIRING LAYERWF FABRICATING THE SAME -

TO THE ASSISTANT COMMISSIONER FOR PATENTS:

Transmitted herewith is an amendment in the abovélidentiﬁed application. v

The fee has been calculated and is transmitted as shown below.

= . , _ % ' 4 fa
_ AMENDMENT TRANSMITTAL LETTER (Large Entity) — Docket No. ‘
Applicant(s): Masayoshi Tagami, et al. L /-\ _ - 13715 ¢
Serial No.‘ | - _Filing Date O Exammer B o Group Art Unit
09/596,415 June 19,2000 |y A \Am "H.Vu a o811

CLAIMS AS AMENDED
CLAIMS REMAINING HIGHEST # NUMBER EXTRA . AESE'WONAL
AFTER AMENDMENT PREV; PAID FOR; CLAIMS PRESENT RATE “FEE
TOTAL CLAIMS 36 . 36 = o 0|x $1800 || -$0.00
INDEP. CLAIMS 6 : 6 = . - 0|x  $84.00 ~ $0.00
Mult|p|e Dependent Claims (check if appllcable) - Qa " . , . $0.00
TOTAL ADDITIONAL FEE FOR THIS AMENDMENT ' © 7 $0.00

DG

No addmonal fee is requ1red for amendment

_ O Please charge Deposut Account No. ) in the amount of
A duplicate copy of this sheet is enclosed. . :
O A check in the amount of o cover the filing fee is enclosed.

5

" The.Commissioner is hereby authorized to charge payment of the following fees associated with this
communication or credit any ov'erpayment to Debosit Account No. 19-1013/SSMP ‘
A duplicate copy of this sheet is enclosed. '
O Any additional filing fees required under 37 C F.R. 1. 16 , Vo
O  Any patent appllcatlon processing fees under 37 CFR 1.17. '

W /% % . Dated: Juned, 2002

Signature

Anthony N. Fresco
Registratlon No. 45,784

| certify that this document and fee is being deposited

SCULLY, SCOTT, MURPHY & PRESSER on Juned, 2002 . . with the U;S. Postal Service as
400 Garden City Plaza ‘ - | first class mail under 37 C.F.R. 1.8 and is addressed to the
Garden City, New York 11530 ) ) i |lAssistant Commissioner for Patents, Washington D.C.
(516) 742-4343 " 20231\ ' AN

\L\&& \ ) \\/

L'

/ \S_gnature of Person Mailing Q}rrespondan%

ANF:yp :
Mishelle Mustafa :

CC:

Typed or Printed Name of Person Mailing Correspondénce

—

e ——

~ PY11LARGE/REV06 -
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AMENDMENT T,RANSMITTAL LETTER (Large Enti Docket No.
Applicant(s): Masayoshi Tagami, et al. ' 13715 .
Serial No. ‘ Filing Date Examiner . Group Art Unit
. 09/596,415 June 19, 2000 H. Vu 2811

Invention: MULTI-LAYERED WIRING LAYE gm METH §/OF FABRICATING THE SAME

TO THE ASSISTANT COMMISSIONER FOR PATENTS:

Transmitted herewith is an amendment in the above-identiﬁed application.

The fee has been calculated and is transmitted as shown below

-'CLAIMS AS AMENDED sl
_ CLAIMS REMAINING HIGHEST# | NUMBER EXTRA ~ ' ADDITIONAL
AFTER AMENDMENT PREV.PAIDFOR | CLAIMS PRESENT T JFEE
TOTAL CLAIMS 36 - 36 = : 0{x = $18.00 $0.00
INDEP. CLAIMS 6 - 6 = . Ojx  $84.00 $0.00
7 Multiple Dependent Claims {check if applicable) o ' ' ' $0.00
TOTAL ADDITIONAL FEE FORTHIS AMENDMENT $0.00

88 No additional fee is required for amendment.
- Please charge Deposit Account No. ' . inthe amount of
. A duplicate copy of this sheet is enclosed.
U Acheck in the amount of to-cover the‘ﬁling fee is enclosed.
x

The Commissioner is hereby authorized to charge payment of the following fees associated with this
communication or credit any overpayment to Deposit Account No.  19-1013/SSMP -
" A duplicate copy of this sheet is enclosed. , _ i’
d Any addltlonal filing fees required under 37 C.F.R. 1.16.
a Any patent appllcatuon processing fees under 37 CFR 1. 17

Q/VC%DWL %V%@Cﬁ Dated: June 4, 2002

a Signature N
Anthony N. Frééco S

Registration No. 45,784

' . " cemfy that this' document-and fee is being deposited
SCULLY, SC(_)TT’ MURPHY & PRESSER on ‘June 4, 2002 ) with the U.S. Postal Service as
400 Ggr den City Plaza . -~ . rst class mail under 37 C.F.R. 1.8 and is addressed to the
Garden City, New York 11530 o T ssistant Commissioner for Patents, Washington, D.C.
(516) 742-4343 . 023 , 7. /.
S NN EA
: B . / Signature of Person Mail'r(é CorrespondJnce .
IANF:yp _ R - ,
- : Mlshelle Mustafa
Typed or Printed Name of Person Mailing Correspondence

P11LARGE/REVO6 . -

Page 232 of 333




RESPONSE UNDER 37 C.F.R. § 1.116

'OR’GINAZ?,SERS - EXPEDITED PROCEDURE
C kD EXAMINING GROUP 2811
PATENTS

IN THE UNITED STATES PATENT AND TRADEMARK OFFI‘_CE

Applicant(s): Masayoshi Tagami, etal. ~ Examiner:

Serial No:  09/506,415 . ArtUnit:

Filed: " June 19, 2000 Docket:

For: ' MULTI-LAYERED WIRING - Dated:
'LAYER AND METHOD OF = : .
FABRICATING THE SAME / '

Assistant Comm1ss1oner for Patents
United States Patent and Trademark Ofﬁce
Washington, D.C. 20231 -

RESPONSE AFTER FINAL REJECTION UNDER 37 C.F.R. § 1.116
Sir:

In respdnsé to the Final Office Action dated April 4, 2002, the applicant

respectfully requests consideration of vth'e following Remarks in the above-

s

Page 233 of 333

Dated: June 4, 2002

identified case:

" CERTIFICATE OF MAILING UNDER 37 C.F.R. § 1.8(a
I hereby certify that this correspondence is being deposited with the United
States Postal Service as first class mail in an envelppe addressed to: Assistant ™
Comm1ss1oner for Patents, Washmgton, D.C. 20231 on June 4, 2002

Ui s

\‘VEVIlshelle Moustafa

/
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REMARKS

This response is submitted in.‘r'e_sp'onse to the Final Ofﬁce Action dated , |

April 4, 2002 and rgspécitﬁxlly requésts that the Examiner reconsider the rejection
‘of the claims as set forth therein. | | o

The Examiner objects to claims 37 and 38 as Béihg dependent upon a
rejected base claim but woula be allowable if rewritten in independent form |
including all of the limitatidns of the baée cl;im fcmd any inté&ening claims. '

The Exa‘miner has considered th¢ applicants’ arguments wiﬂl revspect to =
claims 1 and 5 but the Exaxﬁiﬁer ‘considefs the z;‘.rgutriénts‘moot in view of ﬁéw
grounds of rej ecti‘on.

The Examiner has rejected claims i, 3-5 and 7-10 under 35 UV.S.C.A 102(5) .
as being ;nticipated jby Hong et al. (U.S. 5,668,411 - filed July 23, 1996 — iﬁsstled |
September 16, 1997). " - |
| ‘ I;Iong'et al is a new referengﬁe pited by the Examiner. In thé ﬁ'rst.(‘)fﬁce'

Action, the Examiner cited Vitkavage et al. (U.S. 5,858,873~ filed March 12, 1997

. _ - iss’ﬁed January 12, 1999)._ ’f‘ﬁe Exammer now aéserts that FIGS.”?-IO“and Table 1.

. | of Hong ef al disclose the .lir'nitations of claim 1 of a barrier i{lm' preventing :
~ diffusion of copper from a éoppér wiring struchre cbmprising abarrier ﬁlm which

prevénts diffusidn of cbpper'from a cobpér wiring layer forméd_ én a semicon‘dﬁctor'
substrate. .

. In response,v the applipants respectfully maintain.».vith respect to claims 1
and 5 that ‘ang et a1‘ does‘ not disclose the first “ﬁl'm being formgd on the second )
film, as recited by ciaims_ 1 and 5 Instead, Hoﬁg et al, FIGS. 7 and 10 :discloses' ,

! :
G:\nec\1 210\ 3715\amend\13715.am3
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that there is a seed layer 46 of the diffusion barrier film positioned'between the top
layer 48 and the bottom léyer 44,

Furthermore, the top layer 48 of Hong et al, which corresponds to the first
film of the present invention, contains TiN or TIWN. The bottomllayer 44 of Hong
et al, which corresponds to the second film of the present invention, containsv"I‘iN,
TiAIN, or TiSiN. Therefore, ‘co‘ntrary tQ the Examiner’s assertion, Hong ef al does
not disclose that thg: first ﬁlm contains nitrogen in a smaller‘contenf than that of the
second film. Instead, in Hong et al, preferably, both the first aﬁd second films can
be TiN, or bo;h can be TiWN.

Althqugh tungsten has an atomic weight of 183.84 which is greater than the
atomic weight of either aluminum or silicon, and the compound TiWN suggeéted
by Hong et al for the top layer or first ﬁlrh does contain nitrogen in a émaller
content than that of ﬂle bottom layer or second film, Hong et al does not specify . -
that the first layer must contain nitrogen in a smaller content than that of the sec;on'd
layer, as recited by claims 1 and 5.

Therefore, claims. 1 and 5, by reciting Fhat the first film is formed on fhe
second ﬁiﬁl, patentably distinguish over Hc')ng’-et al.v Furthermc')ré, in the bestlmpde'
described by Hong ‘e't ai, the nitrogen content of the first and second ﬁlms are
equivalent, being comprised of TiN. Furthermore, Hong et al does not teach or
suggest any particular adva‘ntagé of the first film being comprised of TIWN while
the second film is comprised of TiN or TIAIN.

With regard to claims 3-4 and 7-10, in view of the gppli@ts’ arguments in

favor of claims 1 and 5 as patentably distinguishing over Hong et al, the applicants

G:\nec\1210\13715\amend\1 3715.am3
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respectfully maintain that claims 3-4 and 7-10 also patentahly distinguish‘over
- Hong et al. | o
The apt)licant respeetﬂllly requests that the Examiner consider the .foregoing
\' - l ' Remarks The foregoing Remarks establlsh the patentable nature of all of the
| claims currently in the apphcatlon, ie. clalms 1,3-5, and 7-10. Claims 2 and 6
‘were prevtously cancelled. Claims 37 and 38 are objected to as being dependent‘
. upon a rejeetion base claitn but would be allowable if rewritten in independent
form to include all of the limitations of the base claims and any interVening claims.
’No new issues have been raised, wherefore, early and favorable reconsideration and

issuance of a Notice of Allowance are respectfully solicited.

, Respectfully submitted,
(il NS
Anthonytﬁ;esco

Registration No.: 45,784 -

SCULLY, SCOTT MURPHY & PRESSER
: 400 Garden City Plaza
” Garden City, New York 11530 . ‘ »
' - (516) 742-4343/4366 FAX . | \

ANF:ypv

. G:\nec\1210\13715\amend\13715.am3
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Application No. o Applicant(s) =~ L/
. . 09/596,415 " TAGAMI ET AL.
Advisory Action % : )
Examiner Do Art Unit
Hung K. Vu 12811

--The MAILING DATE of this communication appears on the cover sheet with the correspondence address --

THE REPLY FILED 11 June 2002 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE.
Therefore, further action by the applicant is required to avoid abandonment of this application. A proper reply to a
final rejection under 37 CFR 1. 113 may only be either: (1) a timely filed amendment which places the application in
condition for allowance; (2) a timely filed Notice of Appeal (with appeal fee); or (3) a timely filed- Request for Continued
Examination (RCE) in comphance with 37 CFR 1. 114. s

' PERIOD FOR REPLY [check either a) or b)]

a) |Z The period for reply expires 3 months from the mailing date of the final rejectlon

b) D The period for reply expires on: (1) the mailing date of this Advisory Action, or (2) the date set forth in the final rejection, whichever is later. In no
event, however, will the statutory period for reply expire later than SIX MONTHS from the mailing date of the final rejection.
ONLY CHECK THIS BOX WHEN THE FIRST REPLY WAS FILED WITHIN TWO MONTHS OF THE FINAL REJECTION. See MPEP
706.07(f).

Extensions of time may be obtained under 37 GFR 1. 136(a). The date on which the petition under 37 CFR 1. 136(a) and the appropriate extension fee
have been filed is the date for purposes of determining the period of extension and the corresponding amount of the fee. The appropriate extension fee under
37 CFR 1.17(a) is calculated from: (1) the expiration date of the shortened statutory perlod for reply originally set in the final Office action; or (2) as set forth in
(b) above, if checked. Any reply received by the Office later than three months after the mailing date of the final rejectlon even if timely filed, may reduce any -
earned patent term adjustment. See 37 CFR 1 704(b). :

1.0 A Notice of Appeal was filed.on . Appellant's Brief must be filed within the 'peripd set forth in.
37 CFR 1.192(a), or any extension thereof (37 CFR 1.191(d)), to avoid dismissal of the appeal.

2.[] The proposed amendment(s) will not be entered because:

(a) [J they raise new issues that would require further consideration and/or search (see NOTE below);
(b) (J they raise the issue of new matter (see Note below);

(c) [ they are not deemed to place the-application in better form for appeal by materlally reducmg or snmpllfyrng the
issues for appeal; and/or ‘

(d) O they present additional claims without cancelmg a correspondmg number of finally rejected claims.
NOTE: ___. : , )

3.0 Applrcants reply has overcome the followmg rejection(s):
G
4.[] Newly proposed or amended claim(s) would be allowable if submitted in a separate timely frled amendment
. canceling the non-allowable claim(s). ‘

5.4 The a)[] affidavit, b)(J exhibit, or ¢)(X request for reconsideration has been. consrdered but does NOT place the
application in condition for allowance because: See Continuation Sheet.

6.[J The affidavit or exhibit will NOT be considered because it is not directed SOLELY to issues which were newly
raised by the Examiner in the final rejection.

7.J For purposes of Appeal, the proposed amendment(s) a)X will not be entered or b)EI will be entered and an
explanation of how the new or amended claims would be rejected is provided below or appended.

The status of the claim(s) is (or will be) as follows:

Claim(s) allowed: . . : A

Claim(s) objected to: 37 and 38. ’ ‘ '

Claim(s) rejected: 1.3-5 and 7-10.

Claim(s) withdrawn from consideration: 17-36.
8.[] The proposed drawing correction fi Ied"on
9. Note the attached Informatron Drsctosure Statement(s)( PTO- 1449) Paper No(s). .

is a)(] approved or b)[(J- dlsapproved by the Exammer

)

10.] Other: ___ \ o s \\(\\:"’VQ
© TOM THOMAS
o ’ SUPERVISORY PATENT. EXAMINER
" U.S. Patent and Trademark Qfﬁce . . ’ _ TECHNOLOGY CENTEH 2800

PTO-303 (Rev. 04-01) ) Advisory-Action 7% " Part of Paper No. 10
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Continuation Sheet (PTO-303) S o Application No.

Ve \

! N
Continuation of 5. does NOT place the application in condition for allowance because: Hong et al. diséj'oses forming-a first film (48)
containing nitrogen (TIWN, TiAIN,TiSiN or TaSiN) in a smaller content than that of the second film (44) which is TiN or. TaN. Further,
Hong et al. also discloses forming the first film (48) on the second film (44). Note that the claimed language does not state whether the
first film is formed on and in directly contact with the second film. Therefore, Applicant's claims 1-and 5 do not distinguish over the Hong
. . . =) .

et al. reference. ’ :
\
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. REQUEST o . [ Application Nu_mben . |09/596,415 -

FOR ' 'ﬁtl_/nfg'_‘oaté_, I June 19,2000
CONTINUED EXAMINATION (RCE) First Named Inventor k Masayyeshi"l‘aganﬁ;et al.
- TRANSMITTAL =~ — - »
Art Unit | 2811
Address to: ) t i

Commissioner for Patents Examiner Name ~ |H. Vu
S e Box RCE - - - — -
SR Washington, DC 20231 Attomey Docket Number| 13715 ’_ R lis | Z-

: Thls isa Request for Contlnued Examlnatlon (RCE) under 37 CFR 1.114 of the above-identified app"catlon k ;
Request for Continued Examinatton (RCE) practtce under 37 CFR 1.114 does not apply to any utility or plant apphcatuon filed prior to June R G -

8,
— _ FS
1. [ Submnssnon requtred under 37 CFR §1 114 I ' : ’g -,‘ZD Y
a.d Previously subm|tted e : . . ’

vi. D Consider the amendment(s)lreply under 37 CFR §1. 116 previously filed on
' (Any unentered amendment(s) referred to above will be entered)

. D' C nStder ‘t e arguments in the Appeal Brief or Reply Brlef previously filed on ' o 'T\
' o RN
e ™D o
i O lnformatton Dlsclosure Statement (IDS} . O ‘2
iv. B Other - Petition for Extension of Time=  ~, - T
O o

‘D »pb‘SIt Account No. -~ 19-1013/SSMP .
- B RCE fee reqwred under 37 CFR §1. 17(e) © 08/12/2002 AWONDAF1 00000024 09596415
’ Extensnon of. tu_ne fee (37 CFR §§1 136and 1.17) o\ o9 740,00 OP

b. X Check in the amount of $ mp_qam.g_o__ enc|osed
,' C D Payment by credlt card (Form PTO-2038 enclosed)

WARNING Informatlon on this form may become publlc Credlt card Information should not
(Iuded on this form Provlde credit card information and authorization on PTO-2038.

SIGNATURE OF APPLICANT ATTORNEY OR AGENT REQUIRED
Paul".l.;satto, i L e Registration No. (attomey / Agort) l 30,749 _
' | Date | Augusts,2002 _ ]

ssioner For Patents. Boc RCE, W ngton DC 20231 or facsrmlle transmitted to the U.S. Patent

[
I

ls elle Mus,\afn

\( \ A &LU\J \\ \\/\ _/ roen Augustvs,zooz — )_

v Vestlmated to take 0.2 hours to, m\%ete TImJ willx depending upon the needs of the individual case. Any comments on

red to eom lete this form should be senttojthe Chief Informalfon Officer, U.S. Patent and Trademark Office, Washington, DC 20231:
_TO THIS ADDRESS.\SEND Fees and mpleted Fonns to the followtng address Assistant Commlssloner for...
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PRI,

COPY OF PLPERY
ORIG)NALt ¢ FILED

. P [

- PTO/SB/30 (10/2001)
Approved for use through 10/31/2002 OMB .0651-0031

U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
Reducﬂon Act of 1995, no persons are requnred to respond to a collection of information unless it displays a valid OMB control number.

+

REQUEST Application Number 09/596,415 . N\
, ‘FOR ’ Filing Date ‘ | June 19, 2000
C 0 NTI NUE D EXAM I NATIO N (RC E) . First Named Inventor ) Masayoshi Tagami; et al.
TRANSMITTAL o ———— ‘ ‘ , :
; , ‘ Art Unit - 2811
Address to: .

Commissioner for Patents Examiner Name H..Vu

Box RCE
k Washington, DC 20231

Attomey Docket Number| 13715

J

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application

Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed-prior to June
. 8, . o '

1. Submission requured under 37 CFR §1 114 |
a.[d Previously submitted

Xl  Amendment/Reply i Q4  Information. Disclosure Statement (IDS)
i. Affldawt(s)/DecIaratlon(s) iv. 8@ Other . Petition for Extension of Time

e ’;O
i. [J Consider the amendment(s)/reply under 37 CFR §1.116 previously filed on ”; ,—'-~, A
(Any unentered amendment(s) re\ferred to above will be entered). t’_)) “‘:\
ii. O Consider the arguments in the Appeal Brief or Reply Brief prevuously filed on <
_di. O Other - . = 1
b. Enclosed - ' e o O

2. | Miscellaneous

a: [ Suspension of action on the above-identified application is requested under 37 CFR §1.103(c) for
a period of

: months (Period of suspension shall not exceed 3 months; Fee under 37 CFR§1‘17(i) requiréd)
~ b. O Other '
3. | Fees

The RCE fee under 37 CFR §1.17(e) is reqwred by 37CFR §1 114 when the RCE is filed.

a. X The Director is hereby authorized to charge the following fees or credit any overpayments to
Deposit Account No. 19-1013/SSMP

i. ® RCE fee required under 37 CFR §1.17(e) .-
ii. Extension of time fee (37 CFR §§1.136 and 1.17) -
ii. 3 . Other :
b. & Check in the amount of $ 740.00/110.00 _ enclosed’
¢. ] Payment by credit card (Form PTO-2038 enclosed)

WARNING: Information on this form may become public. Credit card information should not
be Includgd on this form. Provide credit card information and authorization on PTO-2038.

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED

"Name " (Prnt/Type) | Paul J. Esatto, ay. Registration No. atomey /agen | 30,749

\ . Signature / / [/ / L | Date. | Augusts,2002

CERTIFICATE OF MAILING OR TRANSMISSION

| hereby certify that this co'rrespondence is being deposited with the Wnited States Postal Service with sufficient postage as first class mail in

an envelope addressed to: C¢ mmlssmner For Patents, Boc RCE,

ashington, DC 20231, or facsimile transmitted to the U.S. Patent
andTrademark ‘ - ; ‘ . : :
Name  (Print/ Type) M{she\le Mustnf\ Uy P
\ Signature , \ \ \JJ\,\Jk\,\&/\ \ \ O\ Date | Augusts, 2002

Burden Hour Statement: This fonn is estlmated to take 0.2 hours to complete. mee wllf va#, nding u
on

the amount of time you are required to complete this form should be sent to the Chief Informa
DO NOT SEND F

icer, . Patent and Trademark Office, Washington, DC 20231.
ES OR COMPLETED FORMS TO THIS ADDRESS SEND Fees and Completed Forms to the following address: Assistant Commissioner for
. Patents Box RCE, Washington, DC 20231. )
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°09/577,702 -

PATENTS -

~J

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant(s): Masayoshi Tagami, et al. Examiﬁer: H. Vu ' : .. ,
Serial No.:  09/596,415 | ~ ArtUnit: 2811 / Z/& o
Filed: June19,2000  Docket: 13715 FSoNGES
For: MULTI-LAYERED WIRING = . Dated: ~ August 5,2002 . o
: ’ LAYER AND METHOD OF ’ : S
- FABRICATING THE SAME’

Assistant Commissioner for Patents

United States Patent and Trademark Office

Washington, D.C. 20231 o %
'PRELIMINARY AMENDMENT UNDER 37 C.F.R. § 1.115 ((f“'o?o

-Sir: o

In response to the Final Office Action dated April 4, 2002, and the Advisory
Action of Jﬁly 2, 2002 issued in responsé to the‘applicant's” Response After'ﬁnal
Rejection Under 37.CFR 1.116 of June 4, 2002 and the telephonic interview withz= =
. . . : e i{:m)

-the applicanfs’ ‘representative; Anthony N. F_fés"co,. 6n July 29, 2002, the applféanié"
. B . . L )

respectfully submit the fdllowing Preliminary Amendment in conjunction w1t11 thé:’ _le

008

concurfently-ﬁ]ed request for continued examination (RCE): |

\

CERTIFICATE OF MAILING UNDER 37 C.F.R. A§ ;_'1.8]a[ o
I'hereby certify that this correspondence iﬁi‘being deposited with the United

States Postal Service.as first class mail in an envelope addressed to: ~Assistant
‘Commissioner for Patents, Washington, D.C. 20231, on August 5, 2002.

| \‘\ o \L\V\;\\\; \'\\\ ”
: Uishelle Mustafa

-

Dated: August 5, 2002

1 Gnec\1210M1371 Samend\13715amd (< -

| o )
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N

IN THE CLAIMS:

Please amend claim 1 to v'read as follows:

1. (Twice Ame'nded) A barrier film preventing diffusioﬁ of cbpper
from a copper Wiring layer formed on a semiconductof Substrate, pompriSing‘ a »
fnulti-iayered structure of ﬁrst and secbnd films, |

said first ﬁlmlbeing ,90mposed of cf}}stalline metal containing
nitrogen therein, |

said second film being composed of amérphous metal 'nitride,

said barrier film being'c‘:onstituted of common metal atomic species, -

said first film being formed on said ;econci_ film,

said first film in direct contact with said second film,

said first film cc;ntaining nitrogen in a smaller content than that pf :

said second film.

Please amend claim 5 to read as folloWs:

5. (Twice Amended) A multi-layered wiring stmcune comiprising a

barrier film which prevents diffusion of copper from a copper wiring layer forméd

on a semiconductor substrate,

said barrier film having a multi-layered stméture of first and s¢cond '

filfflS',

) said ﬁfst film being "compos'ed of crystalline metal containing

nitrogen therein,

Page 243 of 333

~ said second film being composed of amorphous‘m‘et'al nitride,
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’ % : : ’ said“barric.er film being éonétimte‘d of common mefal atom‘ic,}spe‘,ci'es,
.said ﬁrét film being formed on said second film, .

said first ﬁlfﬁ in direct contact with said secpnd ﬁl_m, :

said first ﬁlm containing nitrogen in a smaller content than that of

said second film.

o | | REMARKS
This Preliminary Amendment and the concurrently filed RCE are i
- submitted in response to the Final Office Action ‘d‘ated April 4, 2002 and

‘respectfully requests that the Examiner reconsider the rejection of the claims as set

forth therein.

Th¢ Examiner objec’fs to glaims 37 and 38 as being dependent upon a
rejected base claim buf would bé allowable if rewritten in independent form |
\ ' inqluding all of the limitations of the base claim and any intervening claims.

The Examiner has considered the applicants’ arguments with respect to

\

claims 1 and 5 but the Examiner considers the arguments moot in'view of new

grounds of rejection.
The Examiner has rejected claims 1, 3-5 and 7-10 under 35 U.S.C. 102(b)

as being anticipated by Hong et al. (U.S. 5,668,411 — filed July 23, 1996 - issued - )

September 16, 1997).
- Hong et al is a new reference cited by the Examiner. In the first Office
\ : Action, the Examiner cited Vitkavage et al. (U.S. 5,858,873 — filed March 12, 1997

— issued Janﬁary 12, 1999). The ‘Examiner now asserts that FIGS. 7-10 and Table 1

3 " Ginec\1210\13715\amend\13715.am4-
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of Hong et al disclos‘e the limitations of claim 1-of a barrier film preyenting
diffusion of copper.from a copper wiring Istructu_re .comprising a barrier ﬁlm whi_ch
preyents ditfusion of copper from a copper. wiring layer formed on a's_emiconductor " .
substrate. | | | |

In the applicants’ June 4, 2002 Response After Final Rejection‘Under 37
CFR 1.1 16. the applicants respectfully maintained w1th respect to claims land 5
that Hong et al does not disclose the first film being formed on. the second ﬁlm as

: recxted by claims 1 and 5. Instead Hong etal, FIGS. 7 and 10 discloses that there _'

isa seed layer 46 of the d1ffusron barrier ﬁlm positioned between the top layer 48
and the bottom. layer 44. - |

F urtherrnore; the a‘pplicants‘also argued that the top layer 48 of 'Hong etal,

“which corresponds to the first film of the present invention, contains TiN or TiIWN.

~

e

' The bottom layer 44 of Hong et al, which COrresponds to thesecond ﬁlmof the
present invention, containsv TiN, TiAlN, or -"l“iSiN. Therefore, contrary to'th'e_
Examiner’s assertion, Hong et al does not disclose that the first film contains
nitrogen in a smaller content than that of the second film. lnstead in Hongetal, .
preferably, both the ﬁrst and second films ¢ can be TiN, or both can be TiWN
Although tungsten has an atomlc weight of 183 84 whlch is greater than the |
‘atomic welght of either aluminum or silicon, and the compound T1WN suggested
by'Hong et al for the top layer or first film does contain nitrogen in a smaller .
’content than that of the bottom layer or second 'ﬁlm Hong et al does not speCify
v that the first layer must contam mtrogen ina smaller content than that of the second

~layer, as recited by claims 1 and 5.

4 ‘ Ginec\1210\1371S\amend\13715.amd
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The applicants fargued that, therel'ore, claims 1 and 5, by reciting that‘the'-f
© first film is ‘fo‘rm_ed'on'--the second t'ilm, patentably distinguish over Hong et‘ al;’
.Furtherm_ore, in the best modedesc’rilbed by Hong et al, the nitrogen content of the _’ ,4\ E
first and second.films are xequi‘valent, heing COmprised of TiN. FnrthermOre, Hong

et al does not teach or sugge_st'any particular advantage of the first film being

comprised of TIWN while the second film is‘comprised of TiN or TIAIN.

In the Adv1sory Action of July 2, 2002 the Exammer rej ected the foregomg
arguments, asserting that Hong et al dlscloses forming a first film (48) contammg
n1trogen (TIWN TAIN, TiSiN or Ta51N) ina smaller content than that of the \
second film (44) wh1ch is TiN or TaN The Examiner’s pos1t10n further is that

N Hong et al also discloses formmg the first film (48) on the second ﬁlm (44). The
Exammer noted however that the clalmed language does not state whether the first
vﬁlm is formed on and-in dlrect contact with the: second ﬁlm. -

| " In response ina facs1mlle sent onlJ uly 25, 2002. to the
Examiner, the applicants proposed amendments to claims 1 and 5to rec1te “sald

first film i in direct contact with said second film,”.

' ‘ Ina telephonic intervienv, with the Examiner on».l nl)" 29,
2002, based on the proposed amendments to claims 1‘ and 5 sent by _fac:simile,.the
Examiner indi'cated to the applicants’ representatiye, Anthony N. Fresco, that the
proposed am.endment to claims 1 and 5 rejquires further search and consideration,
and that a RCE would be requlred Therefore, the apphcants are herem subm1ttmg

vthlS Preliminary Amendment Under 37 CFR 1 1 15 in conJunctlon with the ‘

5 ' GAnec\1210\13715\amend\13715.amd.

K . .
. N . . . o Va J .
r . . S
. . ; .
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VERSION WITH MARKINGS TO SHOW CHANGES MADE
In the Claims:
Claim 1 has been amended as follows:
1. (Twice Amendéd) A bamer film preventing diffusion of copper
from a copper wiring layer formed on a semiconductor substrate, comprisi‘ng a
multi-layered structure of first and second films,
said first film being composed t>f crystalline metal containing
nitrogen therein, |
said second film being .composed‘ ouf.amorphous metal nitride,
said barrier ﬁlm being constituted of common mett:ll atomic spécies,
said first ﬁtm being formed on said Second film,
. said first ﬁim in direct contact with said second film,
said first film containing tu'trogen’ in a smaller content than that t)f

said second ﬁltn.

Claim 5 has beeh a-mended as'.follows:'

5. (T‘wilce‘ ';t\mended) A multi-layered wiring stt'u_cture comAprisibng a
barrier film which prevents diffusion of cbppér “from‘a copper wiring layer formed
ona semiconductor substrate, | |

said batriet film having a multi-layered structure of first and second
films, |

said first film being composed of crystalline rrtetatl containing
nitrogen therein,

said second film being composed of amorphous metal nitride,

7 G:\nec\1210\13715\amend\13715.am4
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concurrently filed RCE to enter the amendments to claims 1 and 5 to reC1te ‘said

first film in direct contact w1th said second film,” . No new matter has been added
| With -'re'gard to claims 3-4 and 7-10, in view of the applicants’ amendments
to clalms 1 and 5, which the appl1cants respectfully mamtam establ1sh claims 1 and
5 as patentably dlstlngulshmg over Hong et al the applicants maintain that claims
3-4 and 7-10 also patentably distinguish over Hong et al. -
;l"he foregoing Remarks establish the patentable nature of all of the claim’s .'
currently in the applicatlon i.e. claims 1, 3-5, and 7-10 and 37-38. Claims 2 and 6
- ,.,were prev1ously cancelled Claims 37 and 38 are objected to as bemg dependent -
‘upon a rejection base clalm but would be allowable if rewntten 1n 1ndependent }
form to include_' all of the limitations of the base c)laims and any intefyening claims. .
No mattei has been added and no new issues haiie been raised, wherefore, early and -
favorable reconsiderationand issuance of a Notice of Allowance .are respectfully - |
soliited. o . B S (
Respectfully _submitte , -
| @dﬁm% M Gner

Anthony NCFresco
Registration No.: 45,784

SCULLY, SCOTT, MURPHY & PRESSER
400 Garden City Plaza '
Garden City, New York 11530
© (516) 742-4343/4366 FAX
'ANF:yd

Enclosure: Version with Markings to Show Changes Made

BN

6 © Ginec\1210\13715\amend\13715.am4
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said barrier film being constituted of comumon metal atomic species, . - |

said first film beiﬁg formed on said second film,

said first film in direct contact with said second film,
said first film containing nitrogen_in a smaller content than that of -

said second film.

8 A Gi\nec\1210\13715\amend\13715.amd .
. . H
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Docket No. h

PETITION FOR EXTENSION OF TIME UNDER 37CFR1. 136(a) \

(Large Entity) /“ '_\ 13715
InRe Application Of: Masayoshi Tagami, et al.
Serial No. Filing Date Examiner Group Art Unit
09/596,415 _ & June 19, 2000 H.Vu 2811

Invention: MULTI-LAYERED WIRING LAYER AND METHOD OF FABRICATING THE SAME

COPY OF PAPER
ORIGINALLY. FILED

,,,,_,,.,,.,..‘—--‘;.--

02 L2115 110,00 O \ \ \ \ \ \‘k \\(\ £ /
. [ ! ; Sagnature of Person MallmgC respo enc \i)
ANF:yd _/ , \bé .
o Mishelle Musta

7 e ..

TO THE ASSISTAN_T COMMISSIONER FOR PATENTS:

This is a request under the provisions of 37 CFR 1.136(a) to extend the penod for filing a response to the Offlce Action

of ‘ April 4, 2002 above identified application.
Date
The requested extension is as follows (check time period desired): 7
X One month O Two months 'O Threemonths [ Four months .
from" _ July 4, 2002 until: " August 4, 2002
Date : : Date
The fee for the extension of time is $110 'and ie to be paid as follows:
& A check in the amount of the fee is enclosed. - ‘ ‘ "
P The Commlssuoner is hereby authorized to charge any fees:which may be requ:red or credlt any ‘2.

overpayment to Deposit Account No. 19-1013/SSMP
_ A duplicate copy of this sheet is enclosed. _ _
O ' If an additional extension of time is required, please consider this a petition therefor and charge
any additional fees which may be required to Deposit Account No. 19-1013/SSMP
A duphcate copy of this sheet is enclosed. ' :

MW% %Wjj ~ Dated: Au‘ig'ust 5, 2902

, Slgnalure

Anthony N. Fresco
Registration No. 45,784

i l‘certlfy that this document and fee- iérbenng deposited
SCULLY SCOTT MURPHY & PRESSER i on August 5, 2002 with ,the/U S. Postal Service as

400 Garden City Plaza ﬁr t class mail under,37 C:ER” 1.8 and is addressed to the
Garden City, New York 11530 Assistant Comrmssm?rerﬂ)r Pat,eots Washington, D C.
(516) 742-4343 . 20;31

’/2002 AUONDAF1 00000024 09596415

CcC:

L_Typed or Printed Name of Person Mailing vCorrespondence

P12LARGE/REV06
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PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) “Docket No. I

- (Large Entity) e _ - 13715
) o \ 1 L W
In Re Application Of: Masayoshi Tagami, et al. o Q)
- ‘ ©
i ™
Serial No. ' Filing Date - A&/ : g . Examiner Group Art Unit
09/596,415 . June 19, 2000 & . HVu 2811

Invention:. MULTI-LAYERED WIRING LAYER AND METHOD OF FABRICATING THE SAME

COPY OF PAPERS
ORIGINALLY FILED

e RTATIAY S

TO THE ASSISTANT COMMISSIONER FOR PATENTS:

This is a request under the provisions of 37 CFR 1. 136(a) to extend the perlod for f|||ng a response to the Offlce Action.

of April 4, 2002 above-ldentlfled application.
Date
The requested extension is as follows (check time period. deswed):v _
One month_ O Two months I:I Three months T Four months O Five months
from: July 4, 2002 © unti August4,2002
Date Date
The fee for the extension of time is $110 and is to be paid as follows:

& ' A check in the amount of the fee is enclosed

X The Commissioner is hereby authorized to charge any fees which may be required, or credit any{
overpayment, to Deposit Account No. 19-1013/SSMP Ty
A duplicate copy of this sheet i is enclosed. : .

O If an additional extension of time is required, please consider this a petition therefor and charge & YR
any additional fees which may be required to Deposit Account No. 19-1013/SSMP o <7; o L
A duplicate copy of this sheet is enclosed. . ' . Q I

L J

o
Mﬂfw /% %ﬂw’ ' " Dated: August 5, 2002 .

g Signature
Anthony N. F )

Registration No. 45,784 S | [\

ILcedify that this document and,fee is belng deposuted
August 5, 2002 &wﬁh the U.S. Postal Sejvice as
first class mail under 37 C)k.R. 1.8 and is addressed to the
Asgstant Commissioner fol Pat,ent\s Washlngto , D.C.

SCULLY, SCOTT, MURPHY & PRESSER
400 Garden City Plaza
Garden City, New York 11530 °

(516) 742-4343 ' : \ 20231 !
| \ NUANAY
: . \ ngnature of Person Mailing €o es}mm)ence
ANF:yd ' :
' cc: ' , Mishelle Mustafa
. . Typed or Printed Name of Person Mailing Correspondence

P12LARGE/REV06 -
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Transaction History Date 2.009- D7-12
Dalo Information retrieved from USPTO Patent
Application Information Retrieval (PAIR) = .
gystem records at www.uspto.gov

MA/‘/

Application No. - ' Applicant(s)
. : . : 9/59 .
Notice of Allowability gxam?;,?rs - ZﬁGLf‘n“i"t' ETAL
Hung K. Vu . 2811

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative’
of the Office or upon petition by the applicant, See 37 CFR 1.313 and MPEP 1308. '

1. @ This communication is responsive to 8/5/02.
2. X The allowed claim(s) is/are 1,3-57-10,37 and 38.
3.0 The drawings filed on are accepted by the Examiner.

4. &v Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
. a)[X Al b)[J Some* c¢)[J None of the: :

1. [X] Certified copies of the priority documents have been received.-
" 2. [0 Certified copies of the priority documents have been received in Application No.

3. [0 Copies of the certified. copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule.17.2(a)).
* Certified copies not received: ______
5. (7 Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).
(a) ] The translation of the foreign language proviéional application has been received.
6. Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.

Applicant has THREE MONTHS FROM THE “MAILING DATE’ of this communication to file a reply complying with the requirements noted
below. Failure to timely comply will result in ABANDONMENT of this application. THIS THREE-MONTH PERIOD IS NOT EXTENDABLE:.

7.0 ASUBSTITUTE OATH Oi? DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath ‘or declaration is deficient.

8. X CORRECTED DRAWINGS must be submitted. - ‘ . ‘
(a) X including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [J to PaperNo. ____. o , '
(0) O including changes required by the proposed' drawing correction filed _____, which has been approved by the Examiner. )
(c) ‘[:] including changes required by the attached Examiner's Amendment / Comment or in the Office action of Paper No. ~____

Identifying indicia such as the application number (see 37-CFR -1.84(c).) should be written on the drawings in the top margin (not the back)
of each sheet. The drawings should be filed as a separate paper with a transmittal letter addressed to the Official Draftsperson. .

9. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s).

1[4 Notice of References Cited (PTO-892) . ~ 2[0 Notice of Informal Patent Application (PTO-152)
3[X Notice of Draftperson’s Patent Drawing Review (PTO-948) ’ 4[] Interview Summary (PTO-413), Paper No.___-_.
5[] Information Disclosure Statements (PTO-1449), Paper No. _ . 60X Examiner's Amendment/Comment‘ .
707 Examiner's Comment Regarding Requirement for Deposit 8[X] Examiner's Statement of Reasons for Allowance

of Biological Material _ 9[] Other . —
. \ O S \ M S
TOM THOMAS

' ER
SUPERVISORY PATENT EXAMIN
TECHNOLOGY CENTER 2800
U.S. Patent and Trademark Office

PTO-37 (Rev. 04-01) ‘ Notice of Allowability o Part of Paper No. 14 .
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| Application/Control Number_: 09'/596,415-_.: o ‘ ,b Page 2
Art Unit: 2811 ’ ' ' ' '

Examiner’s Amendment

) -

1. This epplicatidn is in c‘:ondition for allowenceexcept for the pg _enceof claims 11-39 to
irwention non-elected without treverse." According!y, clairns 11-36 have been cancelled. :
Allowable Subject Matter

2 The following is an examiner's statement of reasons for allowance:

Applicar‘rts'_clairrrs 1, 3-5,7-1b and 37-38 are allowable over the references ef record
be‘cause none of 'rhese references disclpse or-can be comtrined to yield the claimed invention such
as the barrier film preventing diffusion of copper from a copper w/iring layer formed on a
Vsemiconduct.or substrate comprising, a multi-leyered structure of first and second ﬁlrns, the first
film being composed of crystalline metal.c_orrtaining nitrogen therein the second ﬁlm being .
composed of amorphous metal nitride, the berr'ier‘ﬁlrn being eonstituted of corrrmr)‘n metal .
atomic species, the first film being formed on the"secon‘d film, the first film in direct contact with
the secoed film, the ﬁrsr film conraining nitrogen in a srrrall‘er content than that of the second

film.

-Any comments considered necessary by applicant must be submitted no later than the
payment of the issu_e fee and, to avoid processing delays, should preferably accor’npa‘ny'the issue
fee. Such ‘sub_missiorrs should be clearl.y labeled "Comments on Statement of Reasons for

Allowance."
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Application/Control Number: 09/596,415 -Page 3
Art Unit: 2811 : :
4

| Conclusion
3. Papers related to this application may be submitted to Technology Center (TC) 2800 by -
facsimile trensmission. Papers should be fexed to TC 2800 via the TC 2800 Far( center located
in Crystal Pletza 4, room 4-C23. The faxing of such papers must conform with the notice
published in the Official Gazette 1096 OG 30 (November 15 1989) The Group 2811 Fax
Center number is (703) 308 7722 and 308-7724. The Group 2811 Fax Center Is to be used ___13[

for papers related to Group 2811 applications.

\
A
(

Any inquiry concerning this communication or any earlier communication from the
Examiner should be directed to Hung Vu"'iii'/ho'se telephone number is (703) 308-"4079. The
Examiner is in the Office generally between the hours of 7: 00 AM to 5:30 PM (Eastern Standard

Tlme) Monday through Thursday.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's

supervisor,v Tom Thomas, can be reached on (703)308-2772.

Any inquiry of a general nature or relatlng to the status of this applrcatlon should be

directed to the Technology Center Receptionists whose telephone number is (703) 308- 0956

T

\ o S
Vu | ) : ~ TOM THOMAS _
| ' SUPERVISORY PATENT EXAMINER
September 6, 2002 - TECHNOLOGY GENTER 2800
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Applicant(s)/Patent Under

AppIication/Cont’rg&_LNot
- Reexamination
Notice of Refére Cited 09’59W‘ TAGAMI ET AL.
otice O ererence e “
rences Litec Exarfiiner Art Unit
Hung K. Vu 2811 Page 1 of 1
o U.S. PATENT DOCUMENTS »
* Document Number Date g o
] Country Code-Number-Kind Code " MM-YYYY Name. Classification
A | Us- ' .
B | US- o 7
c | us- B T
D US‘-‘ N ’ ,//M
£ Us- /"///
F .| US- '
G | US- _
H | US- /
| uUs- \ A
J | USs-
K [ US- ,
L | US-
M us | |
] ) FOREIGN PATENT DOCUMENTS
. Document Number Date ’ N
* Country Code-Number-Kind Code | MM-YYYY Country Name Classification,
N | JP9-293690 11-1997 JAPAN - -
0
P ’ T
e -
Q |
R e -
S -./‘-// .
T !
NON-PATENT DOCUMENTS B
L x Include as appllc'able: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages) .
- | ‘
v f//”/'-/’
/’,4/_ '
e
\ ‘ -
——
W )
X

“A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).) —

Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001).
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Form PTO 948 (Rev. 03/01)

[

U. S DEPARTMENT OF COMMERCE Palenl and Trademark Offlce Applmalron No

5%@]

. : NOTICE OF DRAFTSPERSONS - RIS

- PATENT DRAWI,N '

approved by the Draftsperson unde 37 CFR 1.84 or 1. 152

U

B. objected to by the Draftsgerson under 37 CFR 1.84 or 1.152 for the reasons 1ndncated below. “The Examinerwill require
subnussron of new, corrected drawmgs when necessary Correcled drawmg must be summed accordmg 1o -the mslruclrons on the back of this notice.

1. DRAWINGS. 37 CFR 1.84(a): Acceptable categories of dfawings:
Black ink. Color.
____Color drawings are not acceptable until petiton is gramed
Fig(s) ___
Pencil and non black ink not permmed Flg(s)

2. PHOTOGRAPHS. 37 CFR 1. 84(b) -
___ 1tull-tone set is required. Fig(s)'
____Photographs may.not be mounted. 37 CFR 1. 84(e)
___Poor qualit (Ralf-tone). Flg(s)

3 TY R. 37-CFR 1.84(e)

Erasures, alterations, overwritings, interlineations, Uq
folds, COWFW(S)
—_ Mylar, velum paper is not acceptable (too thin).
Fig(s)
4. SIZE OF PAPER. 37 CFR 1.84(f): Acceptable 5|zes ’
21.0 cm by 29.7 cm (DIN size Ad)
____”1 .6 cm by 27.9 cm (8 1/2 x 11 inches)
__._All drawing shects not the same srze
Sheet(s)
__ Drawings sheels not an acceplable size. Frg(s)
5. MARGINS. 37 CFR 1. 84(g): Accepnblc margins:

Top 2.5 cm Left 2 5cm Rrghl 1 Scm Bollom l 0cm .

" SIZE:, Ad Size
Top 2.5, Left 2.5 cm " Right 1.5 c Bonom 1.0cm
SIZE: 8172411 )
s not acceptable. Fg(s) -
i Top (T) ¢ Left (L)
Right (R) Bottom (

6. VIEWS. 37 CFR 1.84(h)
REMINDER: Specification may require revision lo
correspond to drawing changes.
Partial views. 37 CFR 1.84(h)(2) 30 '
____ Brackets nceded 1o show figure as one entity.
Fig(s) ‘
__ Viewsnol Iabeled separately or properly.
Fig(s) ~
___Enlarged view not labeled separctely or properly.
- Fig(s)

7. SECTIONAL VIEWS. 37 CFR 1.84 (h)(3)
+____Hatching not indicated for sectional portions of an objecl.
Fig(s) :
- Sectional desrgnunon should be noted with Arabic or
Roman numbers. Fig(s)

Fig(s)
Z _z(?a/LEAD LINES. 37 CFR 1.84(q) N

8. ARRANGEMENT OF VIEWS. -37 CFR 1.84(i)
’ . Words do-not.appear-on a horizontal, left-to-right fashion
when page is either upright.or {urned 5o that ihe. lop
becomes the right side, excepl for graphs. Fig(s)
9. SCALE. 37 CFR 1.84(k)
o Scale not large endugh 10 show mechanism wnhout
crowding when drawmg is rcduced in size 10 two- lhrrds in
reproducnon

‘Fig(s)

dcﬁned lean,
Fig(s) _ _"._ v
. SHADING. 37CFR I. 84( m)
___ Solid black arcas pale. Flg(s)
___ Solid.black shading not permitted. Fig(s)
Shade lines, pale, rough and blurred. -Fig(s):.
12. 'NUMBERS, LETTERS, & REFERENCE CHARACTERS
37 CFR 1.84(p)
. Numbers and reference characters not plain and leglble
“Fig(s) _
Figure legends are poor. Fig(s)
i .« 1 _.“ Numbers and reference characters not orlenled in-the
same direction as the view. 37 CFR 1. 84(p)(l)
Fig(s)
English alphabet not-used. 37 CFR 1 84(p)(2)
Figs, -
" Numbers, letters and reference characters must be at least
.32 cm (1/8 inch) in height. 37 CFR 1‘84(p)(1)

Lead lmes cross each olhcr Fiv(s)

14. NUMBERING OF SHEETS OF DRAWINGS. 37 CFR 1.84(1)
___ Sheets not numbered consecutively, and in Arabic numerals
beginning with number 1. Sheet(s)
1s. NUMBERING OF VIEWS. 37 CFR 1.84(u)
____ Views not numbered (.onsecullvely, and in Arabic numerals,
beginning with number 1. Fig(s)
16. CORRECTIONS. 37 CFR 1.84(w)
_._ Corrections not made from prior PTO 948
T dated
17. DESIGN DRAWINGS. 37 CFR 1.152
____ Surface shading shown not appropriate. Fig(s)
__- Solid black shading not used for color contrast.

Fig(s)

COMMENTS

REVIEWER

ATTACHMENT TO PAPER NO.

Page 256 of 333

- =

e T e



Attachment for PTO-948 (Rev. 03/01, or earller)
. 6/18/01

The below text replaces the pre- prmted text under the heading,
“Information on How to Effect Drawing Changes,” on the back
of the PT0-948 (Rev. 03/01, or earlier) form.

INFORMATION ON HOW, TO EFFECT DRAWING CHANGES

1. C_orrectiori of Informalities -- 37 CFR1:85-

‘New corrected drawings must be filed with the changes incorporated thereir_r.
Identrfymg indicia, if provided, should include the title of the invention,
inventor’s name, and application number, or docket number (if any) if an
application number has not been assigned to the application, If this information is
provided, it must be placed on the front of each sheet and centered within the top
margin._If corrected drawings are required in a Notice of Allowability (PTOL-
37), the new drawings MUST be filed within the THREE MONTH shortened
statutory period set for reply in the Notice of Allowability. Extensions of time -

. " may NOT be obtained under the provisions of 37 CFR 1.136(a) or (b) for filing

‘ the corrected drawings after the mailing of a Notice of Allowability. The

“ drawings should be filed as a separate paper with a transmittal letter addressed to
the Ofﬁcral Draftsperson.

2. Correctrons other than Informalities Noted by Draftsperson on form PTO- -

948. /

/

All changes to the drawings, other than informalities noted by the Draftsperson, .

* MUST be made in the same manner as above except that, normally, a highlighted
(preferably red ink) sketch of the changes to be incorporated into the new
drawings MUST be approved by the examiner before the application will be
allowed. 'No changes will. be permitted to be made, other than correction of

~ informalities, unless the examiner has approved the proposed changes.

Timing of Corrections

, Applicant is required to submit the drawing corrections within the
* time period set in the attached Office communication. See 37 CFR.
1. 85(a) ‘

Failure to take correctrve action within the set penod wrll result in
ABANDONMENT of the application. -

06/01/01
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UNITED STATES PATENT AND TRADEMARK OFFICE

S S —
UNITEB,STATES DEPARTMENT:O7?.COMMERCE
United States Patent and Trademark-Office
Address: COMMISSIONER OF PATENTS AND TRADEMARKS

Washington, D.C. 20231

www.uspto.gov C
‘NOTICE OF ALLOWANCE AND FEE(S) DUE —_ .
7590 09/10/2002 : S .
Paul J Esatto Jr : L | * EXAMINER ~ |
Scully Scott Murphy & Presser . - - ' VU, HUNG K
400 Garden City Plaza . ) ] i — -
Garden City, NY 11530 . - o _ | ARTUNIT . - [ cLass-suBcLAsS,~ |
: L _ : 2811 2;7-/75)01%
;-“"N . . ¥ .
P @"M . - : DATE MAILED: 09/10/2002 - . #~ ‘
q"‘v/‘ : 1"’ ' N . ‘ .
| appuicaTiONNO. | FILING DATE | ' FIRSTNAMED INVENTOR™~  ~ | ATTORNEY DOCKET NO. |  CONFIRMATIONNO: |
09/596,415 & 06/19/2000 “Masayoshi Taghmi g 13715 T342s

o

TITLE OF INVENTION: MULTI-LAYERED' WIRING LAYER AND METI—IO OF FABRICATING THE SAME

[ APPLN. TYPE l SMALL ENTITY [ ISSUEFEE | PUBLICATION FEE | TOTAL FEE(S) DUE ] DATEDUE l
nonprovisional NO $1280 $0 : $1280 - . 12/10/2002

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE ASA PATENT ,

. PROSECUTION ON THE MERITS IS CLOSED, THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY
PERIQD BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE REFLECTS A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (OR AN EQUIVALENT)

MUST BE RETURNED WITHIN TI-IIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WILL BE REGARDED AS
ABANDONED.

/
HOW TO REPLY TO THIS NOTICE:
- 1. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above. -

B. If the status is changéd, pay the PUBLICATION FEE (if required) | B. If applicant claimed SMALL ENTITY status before, or is now I
and twice the amount of the ISSUE FEE shown above and notify the | claiming SMALL ENTITY status, check the box below arid enclose
United States Patent and Trademark Office of the change in status, or | the PUBLICATION FEE and 1/2 the ISSUE FEE shown above.

Ij "Applicant claims SMALL ENTITY status.
See 37 CFR 1.27.

II. PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTO) with
your ISSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have aiready been paid, Part B - Fee(s) Transmittal should be
completed and returned. If you are charging the fee(s) to your deposit account, section "4b" of Part B - Fee(s)- Transm1ttal should be
completed and an extra copy of the form should be submitted.

I11. ‘All communications regarding this application must glve the apphcatlon number Please direct all communications prior t to issuance to
Box ISSUE FEE unless advised to the contrary. : :

TMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure tlmely payment of maintenance fees when due.

B . Page 1.of4-f
. PTOL-85 (REV.04-02) Approved for use through 01/31/2004, '
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Box ISSUE FEE
o , ‘Commissioner for Patents
‘ Washington, D.C. 20231
. ) Fax (703)746-4000 .
TNSTRUCTIONS: This Torm should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 4 should be completed where
ropriate. All further correspondence including the Patent, advance orders and notification ‘of maintenance fees will be mailed to the current correspondence address as

a)
iggicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications. : .

TORRENT CORRESPONDENCE ADDRESS (Note: Legibly mark-up wilh anty corrections of use BIock 1) Note: A certificate of mailing can only be used for domestic mailings of the
7590 09/10/2002 Fee(s) Transmittal. This certificate cannot -be .used for any other
. . accompanying papers. Each additional paper, such as an assignment or

Paul J Esatto Jr o formal drawing, must have its own certificate of mailing or transmission.

Scully Scott Murphy & Presser s ‘ : Co - Certificate of Mailing or Transmission

400 Garden City Plaza ' 1 herebg certify that this Fee(s) Transmittal is being -deposited with the
: . United States Postal Service with sufficient Jmstage for first class mail in an
Garden City, NY 11530 envelope addressed to the Box Issue Fee address above, or being facsimile.

transmitted to the USPTO, on the date indicated below.

! {Depositor's name)

(Signature)
{Date)
[ APPLICATION NO. | FILING DATE _ | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |- CONFIRMATION NO. |
09/596,415 06/19/2000 Masayoshi Tagami o 13715 . 3425
TITLE OF mVENTlON: MULTI-LAYERED WIRING LAYER AND METHOD OF FABRICATING THE SAME :
[ APPLN. TYPE SMALL ENTITY . I ISSUE FEE I PUBLICATION FEE [ - TOTAL FEE(S) DUE [ -. DATE DUE
nonprovisional NO $1280 $0 $1280 : ©12/10/2002
r . ~ EXAMINER L ART UNIT | cLass-suBcLass |.
~ VU, HUNG K . 2811 257-751000
lC.F%halmfgng correspondence address or indication of "Fee Address" (37 | 2. For printing on the patent front page, list (1)

the names of up to 3 registered patent attorneys
or agents OR, alternatively, (2) the name of a

Q Change of correspondence address (or Change of Correspondence

Address form PTO/SB/122) attached. single firm (having as a member a registered 2
O "Fee Address" indicati (or "Fee Address" Indication f attorney or agent) and the names of up to 2
ee ress" indication (or "Fee ress" Indication form ;
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer regt stered patent att_omeys or agents. If no name 3
Number is required. ; . ‘ is listed, no name will be printed.
3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATF;NT, (print or type) .
PLEASE NOTE: Unless an assig{}ee is identified below, no assignee data will appear on the patent. Inclusion of assignee data is onli{ appropriate when an assignment has
- been previously submitted to the USPTO or is being submitted under separate cover. Completion of this form is NOT a substitute for filing an assignment. N
(A) NAME OF ASSIGNEE a (B) RESIDENCE: (CITY and STATE OR COUNTRY) '
Please check the appropriate assignee category or categories (will not be printed on the patent) D individual Q corporation or other private group entity [ government -
.4a. The following fee(s) are enclosed: 4b, Payment of Fee(s):
‘0 Issue Fee Q A check in the amount of the fee(s) is enclosed.
0 Publication Fee . ‘a Payment by credit card. Form PTO-2038 is attached. .
; R . Q The Cominissioner is hereby authorized by charge the required fee(s), or credit any overpayment, to
Q Advance Order - #of Copies . Deposit Account Number Y Y (encFose an extra copy E) this form). y overpay .

Commissioner for Patents is requested to apply the Issue Fee and Publication Fee (if aﬁy) or to re-apply any previously paid islsue'fee'to the application identified above.

(Authorized Signature) : (Date)

NOTE; The Issue Fee and Publication Fee (if required) will not be accepted from anyone
other than the applicant; a registered attomgg or algent; or the-assignee or other party in
intrest as shown by the records of the United States Patent and Trademark Office. .

This collection of information is required by 37 CFR 1.311. The information 1s required to
obtain or retain a benefit by the public which is to file (and by the USPTO to process) an
application. Confidentiality 1s governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is
estimated to take 12 minutes to complete, including gathering, preparing, and submitting the
completed application form to the USPTO. Time will vary depcndinF upon the individual
case. Any comments on the amount of time you require to complete this form and/or
suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, Washington, D.C. 20231. DO
NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO:
Commissioner for Patents, Washington, DC 20231. :

Under the Paperwork Reduction Act of 1995, no ersons are required to respond to a
collection of information unless it displays a valid OMB control number. ‘

. TRANSMIT THIS FORM WITH FEE(S) K ) }
PTOL-85 (REV. 04-02) Approved for use through 01/31/2004. OMB 0651-0033 ~ U.S. Patent and Trademark Office; U.S, DEPARTMENT OF COMMERCE
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UNITED STaTES PaTENT AND TRADEMARK OFFICE.

UNITED STATES DEPARTMENT OF COMMERCE

United States Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231 . '
WWW.uspto.gov

APPLICATIONNO. [ FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |~ CONFIRMATION NO.
09/596,415 06/19/2000 " Masayoshi Tagami 13715 3425
' | EXAMINER
7590 09/10/2002
Paul J Esatto Jr VU, HUNG K
Scully Scott Murphy & Presser i
400 Garden City Plaza [ ART UNIT | PAPER NUMBER

Garden City, NY 11530

2811

DATE MAILED: 09/10/2002

Determination of Patent Term Adjilstment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The patent term adjustment to date is O days. If the issue fee is paid on the date that is three- months after the mailing
date of this notice and the patent-issues on the Tuesday before the date that is 28 weeks (six and a half months) after
the malhng date of this notice, the term adjustment will be 0 days.

If a continued prosecutlon apphcatlon (CPA) was filed in the above-identified apphcatlon the ﬁhng date that
determines patent term adjustment is the filing date of the most recent CPA '

Applicant will be able to obtain more detailed 1nformat10n by accessmg the Patent Apphcat1on Informatlon Retrieval -
(PAIR) system:. (http://pair.uspto. gov)

Page 3 of 4

PTOL-85 (REV. 04-02) Approved for use through 01/31/2004.
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UNITED STATES PATENT AND TRADEMARK OFFIGE

" UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER OF PATENTS AND TRADEMARKS .. . .
Washington,.D.C. 20231

www.uspto.gov

[ AppLicaTIONNO. FILINGDATE - [ : FIRST NAMED INVENTOR " [ arTornEY DoCKET NO. | CONFIRMATION NoO.
09/596,415 06/19/2000 - Masayoshi Tagami ‘ ‘ ‘13715 , 3425
; . I EXAMINER I
7590 . 09/10/2002 S

Paul J Esatto Jr . ) . VU, HUNG K
Scully Scott Murphy & Presser ) o

400 Garden City Plaza ; [ _ARTUNIT ] PAPER NUMBER

]

Garden City, NY 11530 ' ) il

2811
UNITED STATES

DATE MAILED: 09/10/2002

"Notice of Possible Fee Increase on October 1, 2002

Ifa reply toa "NOthC of Allowance and Fee(s) Due" is filed in the Office on or after October 1, 2002 then the
amount due may be higher than that set forth in the "Notice of Allowance and Fee(s) Due" since there may be an increase

in fees effective on October 1, 2002. See Revision of Patent and Trademark Fees for Fiscal Year 2003; Notice of |

Bmp_qs_e_d B,nlemakmg, 67 Fed. Reg 30634, 30636 (May 7, 2002) Although a change to the amount of the publication fee
is not currently proposed for October 2002, if the issue fee or publication fee is to be paid on or after October 1, 2002,
applicant should check the USPTO web site for the current fees before submitting the payment The USPTO Intemet

address for the fee schedule is: Mmgmggﬂmgm&gﬂgmm

If the issue fee pa1d is the amount shown on the "Notice of Allowance and Fee(s) Due," but not the correct amount

- in view of any fee increasé, a "Notice to Pay Balanice of Issue Fee" will be mailed to applicant. In order to avoid
processing delays associated with mailing of a "Notice to Pay Balance of Issue Fee," if the response to the Notice: of

Allowance and Fee(s) due form is to be filed on or after October 1, 2002 (or mailed with a certificate of ma111ng on.or

after October 1, 2002), the issue fee paid should be the fee that is required at the time the fee is paid. If the issue fee was
previously paid, and the response to the "Notice of Allowance and Fee(s) Due" includes a request to apply a
prev1ously-pa1d issue fee to the issue fee now due, then the difference between the issue fee amount at the time the
response is filed and the previously pald issue fee should be paid. See Manual of Patent Exammlng Procedure, Sectlon
1308.01.(Eighth Edition, August 2001):

/

Questions relatlng to issue and pubhcatlon fee payments should be directed to the Customer Service Center
of the Office of Patent Publication at (703) 305-8283. :

Page 4 of 4

PTOL-85 (REV. 'l04-02) Approved for use through 01/31/2004.
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TRANSMITTAL OF INFORMATION DISCLOSURE STATEMENT )
: , (Under 37 CFR 1. 97(b) or 1.97(c))

Docket No.
o R T
: /’6&6‘3 AMH Of:  Masayoshi Tagami, et al. - »
&) : :

Py
‘ \ Sena]:No Filing Date ' ' ' Examiner Group Art Unit
14 \/z,& Ag%@?;sus .June 19, 2000 ‘ HVu | 2811
Title: MULTI-LAYERED WIRING LAYER AND METHOD OF FABRICATING THE SAME e
. < _
. : b= "'D-«
eoRome
SRR PN
o — e
L C ~ e
Address to: o vt S s
" Assistant Commissioner for Patents ,‘ %’j i
Washington, D.C. 20231 R
. ; <
: , 37 CFR 1.97(b)
1.

: < .
1 The Information Disclosure Statement submitted herewith is being filed within three months of the filing

of a national application other than a.continued prosecution application under 37 CFR 1.53(d); within .
three months of the date of entry of the national stage as set forth in 37 CFR 1.491 in an international

application; before the mailing of a first Office Action on the merits, or before the mailing of a flrst Offlce '
Actlon after the filing of a request 1 for continued examination under 37 CFR 1.114.

' 37CFR1. 97(c)

+

2. ® The Information Disclosure Statement submitted herewith is belng flled after the period specmed in 37
CFR 1.97(b), provided that the information Disclosure Statemernt is filed before the mallmg date of a

Final Action under 37 CFR 1.113, a Notice of Allowance under 37 CFR 1.311, or an Actlon that
otherwnse closes prosecution in the apphcatlon and is accompanied by one of:

X the statement s_pecified in-37 CFR 1.97(e);
OR
O the fee set forth in 37 CFR 1.17(p).

© . P10A/REV02
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TRANSMITTAL OF INFORMATION DISCLOSURE STATEMENT || " Docket No.
(Under 37 CFR 1.97(b) or 1.97(c)) - | " , 13715

. Mp%ﬁ Of:  Masayoshi Tagaml, etal.

Tite: MULTI-LAYERED WIRING LAYER AND METHOD OF FABRICATING THE SAME

N

TR N — ’ — —
| Senalng v Filing Date'. _ B Examiner - Group Art Unit
. 09/59@’&15 June 19, 2000 : HVu 2811

”IHRUT“

Address to:
Assustant Commlssloner for Patents '
 Washington, D.C. 20231

37CFR1. 97(b)

1. l:l The Information Disclosure Statement submitted herewith is belng filed within three months of the filing
of a national application other than a continued prosecution. application under 37 CFR 1.53(d); within
three months of the date of entry of the national stage as set forth in 37 CFR 1:491 in an international
application; before the mailing of a first Office Action on the merits, or before the mailing of a first Office
Action: after the filing of a request for continued examlnatlon under 37 CFR 1.114. ’

37 CFR 1.97(c)

2. B The Information Disclosure Statement submitted herewith is being filed after the period specified in 37
CFR 1.97(b), provided that the Information Disclosure Statement is filed before the mailing date of a
Final Action under- 37 CFR 1.113, a Notice of Allowance under 37 CFR 1.311, or an -Action that
otherwise closes prosecution in the application, and is accompamed by one of

/
the statement specified in 37 CFR 1 .v97(e);
| | OR
O the fee set forth in 37 CFR 1.17(p).

U341

JY

P10A/REV02

Page 263 of 333

s




TRA §M‘TT‘?A %F INFORMATION DISCLOSURE STATEMENT Docket No.
nder 37 CFR »1.97(b) or 1.97(c)) 137115

S '\'E\‘SL
In &e Appllcatlo §M sayoshi Tagami, et al.
%Vf & mADQ@%
Serial No. Filing Date Examiner Group Art Unit
09/596,415 June 19, 2000 H. Vu 2811

MULTI-LAYERED WIRING LAYER AND METHOD OF FABRICATING THE SAME

Payment of Fee
{Only complete if Applicant elects to pay the fee set forth in 37 CFR 1. 17(p)) '

{0 A check in the amount of is attached. .
® The Assistant Commissioner is hereby authorized to charge and credit Deposit Account No. 19-1013/SSMP

as described below. A duplicate copy of this sheet is enclosed.
O Charge the amount of
Credit any overpayment.
Charge any additional fee required.

Certificate of Transmission by Facsimile* Certificate of Mailing by First Cyg,s Mail ; .

| certify that this document and authorization to charge deposit I/&ertify that this document and fee ‘s/being deposited
pn\September 9,2002__ with t .S. Postal Service

account is being facsimile transmitted to the United States||
Patent and Trademark Office (F s \first class mail uncler CF.R. 1.8 and is
: ’ hddressed to the Commissioner for Patents,

hmgton D.C 1. \\
Signarure h Signature of Person Mdi<(§ng qurespondenle v
. ﬁ ‘ Mishelle Mustgfa ’

Typed or Printed Name of Person Mailin g Certificate

(Date)

Typed or Printed Name of Person Signing Certificate

lil'hls certlficat% may only be used if paymg by

eposit accoun '
%Wé /%v %W ‘ Dated: September 9, 2002

Signature

Anthony N. Fresco
Registration No.: 45,784

SCULLY, SCOTT, MURPHY & PRESSER

400 Garden City Plaza
Garden City, New York 11530
(516) 742-4343/4366 Fax

ANF:yd

| US/WHDE&;

CcC:

P10A/REV02
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PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE ‘
Vit . K .
ot Applicant(s): Masayoshi Tagamr et al : Exammer. H. Vu
- Serial No.:  09/596,415 . o Art Unit: 2811

Filed: June 19, 2000 . . Docket: 13715

For: | MULTI-LAYERED WIRING Dated:  September 9, 2002
- LAYER AND METHOD OF - B

FABRICATING THE SAME

‘ Assistant Commissioner for Patents
" United States Patent and Trademark Office
Washrngton D.C. 20231

STATEMENT PURSUANT
TO 37 C.F.R. § 1L.97(c)(1) and (e)(1)

Sir:
I hereby state that each item of information contained in this Information
Disclosure Statement was first cited in any communication from a foreign patent

' ~ office in a counterpart foreign application not more than three months prior to the

filing of this Information Disclosure Statement. .

* CERTIFICATE OF MAILING UNDER 37 C.F.R. §1.8(2)

I hereby certlfy that this correspondence is/ ‘being deposrted with the lJ ntled
States Postal Service as first class mail in an envelope addresLdio/Ass1stant
Commrssroner for Patents, Washmgton D.C. 20231 'jn September 9 2002

oY

_ “\\Jlshelle Mns{tafa\y

A

. Dated: September 9, 2002

G:\nec\1210\3715\amend\13715 statement  °
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\ ¥ &! Accordingly, it is respectfully requested that the accompanying Information
“n 4 M@g&‘?’ “Disclosure Statement be considered with respect to the above-identified -

application.

Respectfully submitted,

- Registration No.: 45,784

SCULLY, SCOTT, MURPHY & PRESSER
400 Garden City Plaza o
Garden City, New York 11530

(516) 742-4343/4366 Fax

ANF:yd

G:\nec\1210\ 3715\amend\1371 S.Siatemem
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//”’—" 45\ 09/596,415
P 12 znuz ‘ o : . '
3  INTHE UNITED STATES PATENT AND TRADEMARK OFFICE =~
S

d“RA]:)E‘\‘\V*& ‘
" Applicant(s): Masayoshi Tagami, et al. - Exammer. H. Vu

Art Unit: 2811 - M

‘Docket: , 12};,7‘15 m -
oM &

Serial No.:  09/596,415
June 19, 2000

'Filed: ,
. rr
For: MULTI-LAYERED WIRING *©  Dated: Sepfember 5,‘ 2002 /0/3 & O T
LAYER AND METHOD OF ‘< o ?—O
FABRICATING THE SAME s O om
_ : e 0D
Assistant Commissioner for Patents ' __(9 @ ;g
United States Patent and Trademark Office ' . oS M
Washington, D.C. 20231 - T ' ' s i ~ O
&
<

INFORMATION DISCLOSURE STATEMENT

CSin
In accordance with 37 C F.R. §§ 1.97 and 1.98, it is requested that the

followmg references, which are also listed. on the attached Form PTO-1449, be

1

_made of record in the above-ldentlﬁed case.

Japanese Laid-Open Patent Apphcatlon No. 8-250596 dated September
' 27, 1996;
10/30/2002 SSURTES 00000006191 . ST :
% § OIWWese Laid-Open Patent»Apphcatlon No. 10-125627 dated May 15

Of FL:460—  -130:00-CH 1998;
3. Japanese Laid- Open Patent Apphcatlon No. 11 67686 dated March 9,

1999.

1.

i

CERTIFICATE OF MAILING UNDER 37 C.F.R. §1.8(a)
I hereby cemfy that thlS correspondence is being dep051ted w1th the Untled

Dated: September 9, 2002
Mishelle Mustaﬂa}

fdiushwent dates 03/3i/C083 ECRULRYI ;‘35%41’

10730/02 SSUILES 00000086 1‘)1013
01 FE:‘:%&Q\ 130.00 CR ‘
{
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09/596,415

S 12mm 2 o - |
‘ Lot The references were cited in an Official Action dated July 5, 2002 réceived
’(<\/_.‘.' ‘ ) '
o i .
e ZBADE'.\\‘R‘* from the Japanese Patent Office. Applicants are submitting copies of the above-

.cited referenceé, together with a translation of the Examiner’s comments regarding
the references from the Official Action. The relevaﬁce of tfle references is
described in the Official Action.

In compliance with the requirements.of 37 C.F.R. § 1.98(a)(3), as a cbncise
statement of relevance, as it is presently understood by the individual designated in
37 C.F.R. § 1.56(c) most kriowledgeable about the content of the information, the
undersigﬁed submits a translation of portions of an ofﬁcial. action by a foreign
exafrﬁner in which the references were citg_d. The relevance to the pending U.S.
patent application is that the references were cited in a foreign patent application on
the same subject matter. However, no independent analysis of the references, the
accuracy of the statement of the foreign exéminer or the claims of the foreign
application under the laws of that country or the United States relative to the
subject matter claimed in the pfesent application has been made; the present
understanding of the contents thereof by the undersigned Bcing based on the

translation of the foreign examiner’s comments submitted herewith.

2 Giinec\1210\1371 S\amend\13715.ids

Page 268 of 333



/O/VE-E\\ 09/596,415
oy
S

t\ el Inasmuch as this Infoﬁnatioh Disclosure Statement is being submitted in
4~L/’ . . .
%&m Am‘%‘*““&. accordance with the schedule set out in-37 C.F.R. § 1.97(b), a statement is

enclosed.

o Respectfully submitted,

oy T o

Anthony T€SCO
Reglstratlon No.: 45,784

SCULLY, SCOTT, MURPHY & PRESSER '
400 Garden City Plaza . -
Garden City, New York 11530

(516) 742-4343/4366 Fax.

ANF:yd

3 ‘ " Ginec\1210\13715\amend\13715.ids

Page 269 of 333



. Docket Number (Optional) . Application Number
: ‘ 13715 09/596,415
) INFORMATION DISCLOSURx: . -ITATION Applicant(s)
(Use several sheets if necessary) Masayoshi Tagaml, etal.
Filing Date Group Art Unit
June 19, 2000 o 2811
U.S. PATENT. DOCUMENTS
EXAMINER | cpp DOCUMENT NUMBER DATE NAME CLASS suscLass |~ FILINGDATE
INITIAL : . ’ IF APPROPRIATE
/ ¢
FOREIGN PATENT DOCUMENTS
REF DOCUMENT NUMBER DATE COUNTRY CLASS SUBCLASS I
YES NO
Vo | 8-250596 9/27/1996 | Japan - - v
"N 10-125627 . 5/15/1998 Japan : - 4 . — . v
V. 11-67686 ‘ 3/9/1999 Japan _ _ . /
[
|
—
OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc.)
’.—/._-—*‘
) J—— J
/ .
EXAMINER DATE CONSIDERED .
HONGE K. VU : whaloz
EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP Section 609; Draw line through citation if not in conformance and
not considered. Include copy of this forin with next communication t6 applicant. . . .

m
" Form PTO-A820 POSA/REV04 Patent and Trademark Office * U.S. l_)EPARTMENT OF COMMERCE
(also form PTO-1449) . _ ‘ SHEET OF
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Form PTO-A820

(also form PTO-1449)

Page 271 of 333

POYA/REV04

"SHEET

" §Docket Number (Optional) Application Number (
, 2 13715, - 09/596,415
‘ INFORMATION DISCLOSUR:-CITATION Applicant(s) N o -
3 (Use several sheets if necessary) ‘Masayoshi Tagaml, et al.
Filing Date Group Art Unit
June 19, 2000 2811
U.S. PATENT DOCUMENTS
'EXAMINER | ppp DOCUMENT NUMBER DATE NAME CLASS SUBCLASS FILING DATE . -
INITIAL . : IF APPROPRIATE
J
. -’/ -
L
(
FOREIGN PATENT DOCUMENTS
REF DOCUMENT NUMBER DATE" COUNTRY, CLASS SUBCLASS Transtation
. i YES NO
N 8-250596 9/27/1996 | Japan - - v
Ve 10-125627 5/15/1998 Japan - — v
A 11-67686- 3/9/1999 | Japan _ - N
e e |
QTHER DOCUMENTS ’ (Including Author, Title, Date, Pertinent Pages, Etc.)
//
EXAMINER . DATE CONSIDERED - "
HONE K. WU . n/m/oz_
EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP Section 609; Draw line through cntatlon if not in conformance and"
not considered. Include copy of this form with next communication to applicant. .

. \
Patent'and Trademark Office * U.S. DEPARTMENT OF COMMERCE

OF
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QUERY CONTROL FORM RTIS USE ONLY

Application No. () </ [.D ﬁ@ g75 Prepared by b
Ex'aminer-GAU'\/ LA j?{/ / - Date N
’ v ' No. of queries ’7

—f

JACKET
a. Serial No. f. Foreign Priority k. Print Claim(s) p. PTO-1449
b. Applicant(s) g. Disclaimer I Print Fig. g. PTOL-85b
c. Continuing Data h. Microfiche Appendix m. Searched Column r.; Abstract
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UNITED STATES PATENT AND TRADEMARK OFFIGE

’ UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and T'rademark Office X
Address: COMMISSIONER OF PATENTS AND TRADEMARKS

Washington, D.C. 20231
Www.ugpto.gov . .

[ APPLICATION No. FILING DATE " "FIRST NAMED INVENTOR, T ATTORNEY DOCKET NO. | conrirmaTIONNO.
09/596,415 " 06/1972000 ' Masayoshi Tagami - 13715 . "3425
23389 7590 . 11202002 .
SCULLY SCOTT MURPHY & PRESSER, PC v I » EXAMINER
. 400 GARDEN CITY PLAZA '

GARDEN CITY, NY 11530 , VU, HUNQ K

[ ART UNIT PAPER NUMBER

2811
DATE MAILED:\I 1/20/2002

Please find below and/or attached an Officé communication concerning this application or p‘roceeding.‘

4

C (Rev. 07-01)
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UNITED STATES DEP/ARTM'ENT QF COMMERCE -
Patent and Trade -k Office

¢

IR ' B | Address: ASSISTANT COMMISSIONER FOR PATENTS
. . — S & ¢ L e
G&/ / b——q‘ é ) L’L /S Srargg of ¥ Washington, D.C. 20231 - V
APPLICATION NO./ / FILING DATE | FIRST NAMED INVENTOR / "T ATTORNEY DOCKET NO..
CONTROL NO. o PATENT IN REEXAMINATION _ ‘
EXAMINER
ARTUNIT | PAPER
16
DATE MAILED:

Please find below and/or attached an Office communication concerning this ap‘plicationlor
proceeding. ' '

Commissioner of Patents and Trademarks

The IDS filed 09/09/02 had been entered and considered by the examiner..

TOM THOMAS
et EXAMINER J

| PTO-90C (Rev.3-98)
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o PARTB FEE($ TRANSMITTAL : , '
phis form, togeﬂm' wlti snucable fee(s), to: Mail Box ISSYE FEE #
~+ Commiysioner for Patents
o n,D.C 20231

Was
(703)

.4 P Use n‘m k. FEE PQUE ugh hould b comp
her coerponcacs 8 fvance onders fication of maintenanco
m:ubebwordimmmu'ma}wk1.w(a)qé?d&:§"ame&'&wmm.ma)mmam% DORESS® for

7590 09/10/2002 Lo -Pee(a) 'l‘nmml' Thh eemﬁcm cannot

P
B
PaulIEsatho I ‘ f dnwmg.munmmmmﬁmaf 3 (
Scully Scott Murphy&Presser ' : Certificate of Mailiug or Transmission
400 Garden City Plaza - wm this "23.32 mmunl is
Garden City, NY 11530 ‘ addressed to lch above, o
. . to the on i | below.
ighe O o[ @pmits e
] VAR A
smber ] i 1 " (um)
[" APPLICATIONNO./ | - FILING DATE 1 B '; A msrmummvm | ATTORNEY 1 No. | &n@umonm. ]
0IISIATST w0 .. Masayoehi Tagem s *345s
TITLE OF mvsrmon MULTI-LAYERED WIRING mmmmonorrmmmmcmm S
l man |  sMalLentry | 0 IsSUBFEB ' |  PUBLICATIONFEE | TOTALFEEBDUB. | . DATEDUE ' |
cpry~ e D NO $1280 $0 . -$1280 g - 12A10/2002
l EXAMINER I | ART UNTT rammm ] -
'VU, HUNGK ' el 257751000 ‘
G:? mndnum«hdianonof'l’ecm @7 ZPorpmﬁngmhpmﬁwmht(l)
CFR 1363). lhomga’wbiimmww IS::J:]];Z Scnl:: Murpny &
aca ad c C N or agents alternatively, (2) the name of a
Addnufmm m)mcu(“ d | single firm 9:«3'»'3 Lmhr :fnmh;mg JPresser -
0 "Foe Addreas® Indication (oc "Fee Address” Indication form “”M’""’;m,m“m u;‘,’m "
PTO/SE/AT; iy umm)mumomc-mr ’ hm”mmhw "3
3 SSlGNEENAHBANDRES!DENCBDATANBEPRINTBDONH{BPATBNT(Nmorw) '
BASE Nore. mi uldenﬁﬂsdww, assignee data will appear on the patent. Jnc| ualpne / appropriste assignment
ited & mﬁu&mmac&“wmofmrmhm mba?ﬁ'?or mangm‘:%?" has:
(A) NAME OF ASS!GNEB (B) RESIDENCE: (CITY and STATE OR COUNTRY)
NEC . Corporation vy
. e PO o . A.r ' ' Tokyo, Japan ‘
Please check the & nﬂgeemoratmndu(wﬂlmtbepdmedonthnpm) Q individual Q) corpoeation or other private group eatity . O government
umtbllawmgut)mmclmed. ‘ - 4b. Payment of Foo(s): o : )
R4ssic Fee . ' . 3 A check in the amount of the fee(s) is enclosed.

Q Publication Foe v ) ' uraywbymmpmmzosa is attached..
& Advance Order - ‘# of Copies 1 ‘ i by charg: thneqmmdfee(o) orcmditlmyoy«puymt,m

Commmionerforhtmmsmqmdmnpplyﬂwm&emdmbhmonha(lfmy)wwmpply mypemulypﬁdmhbﬁomlmwmnﬂqdahwe
L . ) H

(Authorizod Signatute) / | ®w9) December 10, [2002. -
Paul J. Esatto, t/ Reg. No. 30,749 : : ‘ -
z TR e e e e
mu.nm“‘z,m m:?“”‘"’ g = o 6 | o717 00000241 03596415~
e b e o whidh | A by e DRETO 10 pro 01 FLa1501 S 1200.00 0B
srrm e e s ie ey T RS | @ i e
porigvd ""’mmmm':é'ﬁml e, wmfsn;om s PR oarn smdir
R T i Sl R P R ol
NOT ?Eﬁn"% L TR S i ADBREG SEMD TO. | . : -
. Commissioner for Paf Washington, DC 20231. . : )
1 to to : . . i
%ﬁﬁor.Wmmaﬁg‘ﬁ.%m&“” e 10 rospond 10 8 -
’ TRANSMTTTH]SFORMWITHFBY(S) '
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A T i ‘ Docket No.
AL 'mﬁl ' ‘RANSMlTTAL OF FORMAL‘ DRAWINGS 13715

%7

ion Of: Masayoshi Tagami v : : BT + , 7m
Serial No. . Filing Date — Batch No. - , Examiner | , ~ Art Unit
09/596,415 June 19,2000 "] HungK.VU 2811
Invention:

. MULTI-LAYERED WIRING LAYER AND METHOD OF FABRICATING THE SAME

_ Address to:
Assistant Commissioner for Patents
Washington, D.C. 20231

Transmitted herewith are:

20 sheets of formal drawing(s) for this application.

O  Each sheet of drawing indicates the identifying indicia suggested in 37 CFR Section 1.84(c).

Signature

MW %Q% N Dated: Decemper 10, 2002
. | ' .

Anthony N. Fresco~
Registration No.: 45,784

SCULLY, SCOTT, MURPHY & PRESSER
400 Garden City Plaza ' :
Garden City, New York 11530

(516) 742-4343/4366 Fax.

ANF:yd

Mishelle Mustafa
J’yped or Printed Name of Person Mailing Corréspondence

0dloa =™
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1-14-03; 4:33PM;SSMP FAX - 167424366 # 1, a -

400 Garden City Plaza S , o
Garden City, New York 11530 -

SCULLY, SCOTT, MURPHY
(516) 742-4343 - Telephone & PRESSER |

exmall: Intprop@ssmp.com ‘ . e, ,' |

To: US Patent & Trademark Office From: Linda Hageme_yer\Ofﬁce Manager

Refund Section, Accounting Division

Office of F'inance
Fax:  703-308-5077 Pages: 4
Docket 13715 ' , Date: January 14, 2003 o

Re:  Deposit Account No. 19-1013 Attn:  Refund Section, Office of Finance

x Urgent O For Review O Please Comment [J Please Reply [ Please Recycle,

Attached is another Request for Refund.
Please.credit our account in the amount of $130.00 as soon as possible.

CONFIDENTIALITY: The documents accompanying this facsimlle transmission may contaln information which s either
confidential or legally privileged and Is intended only for the authorized use of the individual or entity named above without right or
publication or republication, dissemination or disclosure except as exprassly set forth or established by course of deafing. All ights
are reserved. If you are not the intended reciplent, you are hereby nolified that any disclosure, copying, distribution or use of the
contents of this facsimile is prohibited. If you received this transmission In enor, please notify us immediately by telephone to
amange for retum of the documents.

If you have any problems concerning this facsimile, please call (516) 742-4343 and ask for Linda.
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I ia-usi a:3BPMISSMP FAX ) ) ‘ : 6167424366 P

\ go v
&W“"k o

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant(s): ‘Masayoshi Tagaml
Serial No: /596 415 /
Filing Date: June 19, 2000
Doci(et No.: 13715

Attention: Refund Section, Accountlng vaxsxon
' Office of Finance

REQUEST FOR REFUND
Sir/Madam:

== Bor’ the) reason set forth below, Appllcam(s) representatlves request that they be
refundéd $13O 00 by-crediting this amount to Deposit Account No. 19-1013. This amount is the
official Yee-fora Petition which was charged to Deposit Account No. 19-1013 on October 30,
2002, Seq' No. 6 (Copy of deposit account attached). . . >

‘There was no Petition filed in this case, nor was one requested for any reason,

‘ therefore, it is respectfully requested that Deposit Account No. 19-1 013 be credited in the o v
amount of $130.00. . : ’

Lin%%agemeye% . %" ‘

- Office Manager

Scully, Scott, Murphy & Presser o
400 Garden City Plaza . N
Garden City, New York 11530

(516) 742-4343

Dated: January 14, 2003
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I—ae-uUgi 4:33PMISSMP FAX . 5167424366 L. # 3, 4

: e.yosi( Actount Statcmgnt . h_ttps://rampsdev.uspto.gov/ramZé/Conh'ollcr;jsessionid=kirodv Ixm2

: UNITED STATES
7 PATENT AND :
wxxx ] RADEMARK OFFICE

ANl Deposit Account Statement

Yoo + Sttomont Month: ,

Page Requested Statement Month: ~ Octaber 2002

Flnance Deposit Account Number: - 191013 , o

Home Name: : SCULLY, SCOTT, MURPHY & PRESSER
Attention: . DEBORAH SHEEHAN _
Address: - A PROFESSIONAL CORPORATION
City: GARDEN CITY _
State: NY S v i
Zip: : 11530-0299 1

ATTORNEY
DATE SEQ RopTae DOCKET CoDE  AMT  BAL.
10101 9 = 10255362 - 0204 -$18.00  $17,302.88
10/01 203 09436164 - 13164 1801 $740.00  $16,562.88
10/01 204 09436164 13164 1251 $110.000  $16,452.88
10/03 115 09349352 12801 1801 $740.00  $15,712.88
10/03 128 10261434 15896 2203 $22.00 $15,600.88
10/07 7 09212094 . 12119 1801 $740.00  $14,950.88
10/07 9 09853105 9204 -$130.00  $15,080.88
10/07 16 09181384 11825 1262 - -$390.00  $15,470.88
10/08 1 09441333 13175 . 1251 $110.00  $15360.88
10/08 1 09947006 123642 1814 $110.00 $15,250.88
10/08 2 ~ 09441333 13175 1201 $168.00  $15,082.88
10/09 1 ~ 09840207 NL000238 1201 $84.00 $14,998.88
10/09 2 09840207 NLO00238 1202 = $54.00 $14,044.88 ,
10/09 29 08931055 10861 1401 $320.00  $14,624.88 ' ‘
10/09 487 75809389 6004 $300.00  $14,324.88 |
1010 77 09801356 10309 1201 $84.00 $14,240.88
1010 177 PCT/US02/31732 14927 1707 $40.00 $14,200.88
1010 179 PCT/US02/31732 14927 8006 $15.00 $14,185.88
1010 482 75476510 6004 . $150.00 . $14,035.88
10110 516 75642058 ‘ - 6004 $150.00  $13,885.88
10110 537 75577131 _ 6004  $150.00  $13,735.88
10111 2 09745967 14184 1806 $180.00  $13,555.88
10/11 150 78173150 6001 $325.00  $13,230.88
1011 197 78173180 - 6001 $325.00  $12,905.88
1 of3 ' . . . 1/14/2003 4:34 PM..

Page 299 of 333



- ~.4.~';. “4io3rM | SSMP FAX . ) : 167424366 . as Ky
posit Acdount Statement ) . https://rampsdev.uspto.gov/ram26/Controller;jscssionid=kirod vixm2
10/25 274 PCT/US02/33855 15967 1707 $40.00 $29,680.88° ;
10/25 276 PCT/US02/33855 15967 8006 $15.00 '$29,665.88
10/25 585 78178372 7001 $325.00 ,$29,340.88
10/25 628 78178404 7001 $325.00 $29,015.88
10/28 1 09406662 - 13024 1253 $920.00 $28,095.88.
10/28 549 PCT/US02/10275 15441 1705 $9.00 $28,086.88
10/30 3 29147933 S . 2251 $65.00 $28,031.88
10/30 4 09736037 FRSHP003 1814 $110,00. _ $27,921.88
0/30 6 09596415 13715 1460 $130.00  $27.791.88 )
10/30 15 10163645 15602 1251 $110.00 . $27,681.88 \
START " SUMOF  SUMOF END '
BALANCE" CHARGES REPLENISH BALANCE
$17,284.88 $8,988.00 $19,385.00 $27,681.88

Need Help? | Return to USPTO Home Pase | Return to Office of Finance Hom_c P

» 30of3 : . . 171472003 4:34 PM
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LEOPOLD PRESSER
KENNETH L. KING
FRANK S. DIGIGLIO
PAUL J. ESATTO, JR.
JOHN S. SENSNY'
MARK J. COHEN
RICHARD L. CATANIA
EDWARD W. GROLZ
STEVEN FISCHMAN
PETER |. BERNSTEIN
WILLIAM C. ROCH

T. DAVID BOMZER
PHILIP BRAGINSKY

JOHN L. BRECKENRIDGE*

MARVIN BRESSLER
ERIC P. HALBER®
THOMAS SPINELLI

ALEXANDER G. VODOVOZOV
PATRICIA A. WILCZYNSKI

*CO BAR ONLY
°D.C. BAR ONLY

ANTHONY N. FRESCO '
- LESLIE S. SZIVOS, PH.D.

DAVID J. TORRENTE
PATENT AGENTS

XIAOCHUN ZHU, PH.D.
TECHNICAL CONSULTANT

c¢/o RTIS

3443 Carlin Spring Road
Falls Church, VA 22041

SCULLY, SCOTT, MURPHY & PRESSER

A PROFESSIONAL CORPORATION ALLEN R. MORGANSTERN

ATTORNEYS AT LAW . STEPHEN A. YOUNG
. COUNSEL
400 GARDEN CITY PLAZA o ——
. .JOHN F. SCULLY
GARDEN CITY, NEW YORK 11530-0299 STEPHEN D. MURPHY
. . RETIRED :

ANTHONY C. SCOTT (1931-1994)
WILLIAM E. MCNULTY (1927-1993)

TELEPHONE: (516) 742-4343
FACSIMILE: (516) 742-4366
E-MAIL: intprop@ssmp.com

January 17, 2003
FEDERAL EXPRESS
- US Patent and Trademark Office - ' : .
Attenﬁon: Toni Hood/Nadine Clark ‘ e T
Re:  U.S. Patent Application No.: 09/596,415 ' UM& ? ‘2903
Our Docket: 13715 , gy et

: fe % pd \ o
CF‘CE % PNl f!“”‘ {E!me’
FARE S et

Dear Examiner Clark:

As per our phone conversation of January 16, 2003 you indicated that the twenty
(20) sheets of drawings (Figs. 1-31) which we filed on December 16, 2002 with payment of the
issue fee were damaged due to irradiation by the US Posta] Service.

Therefore, as per your request, we are hereby enclosing a replacement set of
drawings via Federal Express to avoid the irradiation process.

Please let us know if there are any further questions.

Sincerely ym;r?% 0 .
Anthon ‘ . Fresco

ANF:yd

Enclosures

g:\nec\1210\13715\tr\13715.L18
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N -~
' ' " Application or Docket Number
PATENT APPLICATION FEE DETERMINATlON RECORD ﬂ [ =~/

. - Effective October 1, 2001 o T QD 7 /.‘ )
CLAIMS AS FILED - PARTI SMALLENTITY ~ OTHER THAN
. (Column 1) TYPE [] OR SMALL ENTITY
TOTAL CLAIMS : RATE | FEE | | RATE | FEE
FOR , | NUMBERFILED NUMBER EXTRA BASIC FEE| 370.00 OélaASIQFEE 740.00
. * .
INDEPENDENT CLAIMS minus 3 = = . =
. - . X42= OR X_84__
ﬂ MULTIPLE DEPENDENT CLAIM PRESENT o D .
. o ‘ — +140= OR| +280=
_If}thve difference in column 1 is less than zero, enter “0” in column 2 _ TOTAL “|or ToTAL
CLAIMS AS AMENDED - PART Il ' : OTHER THAN
' —(Column 2)  (Column 3) SMALL ENTITY OR SMALLENTITY
. FIGHEST : r
< REMAINING NUMBER PRESENT ' ADDI- _ ADDI-
lz— , AFTER PREVIOUSLY eExTRA | RATE . | TIONAL RATE | TIONAL
i . d AMENOMENT JESNEEERRSE  PAID FOR . : FEE - FEE
= : ‘ _ ' ,
g Total Minus > g 3 (p = — X$ 9= o OR X$18=
i o in v =
E Independent . ) Mmus okk é — X422 oR X84
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM | I — - : :
C o +140=_| . lor +280=
TOTAL TOTAL]
: ADDIT. FEE OR apoiT, FEEL
" (Column 1 : (Column 2)  (Column 3) '
; f|  HIGHEST , '
o X REMAINING & NUMBER PRESENT ADDL- . .. |.ADDI-
5 AFTER 8l PREVIOUSLY EXTRA RATE | TIONAL RATE | TIONAL
R AMENDMENT - PAID FOR . FEE FEE
% Total g w 30 Minus ** 3 Q = \_‘ X$ 9=" OR X$1_8= <\
% lndependent * {p Mmus w = | xao= Ha ' g L
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM D ' ‘ —F \
+140= OR| +280=
- TOTAL ‘ - TOTAL] .
ADDIT. FEE OR oo, Feel
. Column'2) _ (Column 3) -
o} REMAINING NUMBER | PRESENT _ADDI- |~ | .ADDI-
EE AFTER PREVIOUSLY, | EXTRA RATE |TIONAL -RATE | TIONAL
. AMENDMENT e s ‘ . FEE | |__ _FEE
_ %f AR [V Minis | = O Y =\\&=_ or | xs18= '
Independent |« AMinus | s = ; ;
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM ‘ [:] : . . d -
: , +140= oR | +280=~_
: ~
S the entry in column 1 Is less than the entry in column 2, write 0" in column 3. — ‘
* If the “Highest Number Previously Paid For" IN THIS SPACE Is less than 20, enter “20.” ADDITOIIQIE OR ADD(TOErélE- \
*+|f the “Highest Number Previously Pald For" IN THIS SPACE Is less than 3, enter “3." ’
The “Highest Number Previously Paid For" (Total or independent) is the hlghest number found in the appropnate box in column 1

FORM PTO-875 (Rev. 8/01) . S .Patent and Traderna(k Ofﬁce, U.S. DEPARTMENT OF COMMERCE
. “YTU.5.GP0:2001'482-124 1 59197 '
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Effectlve December 29,1999

PATENT APPLICATION FEE DETERMINATION RECORD

Application-or Docket Number

S

CLAIMS AS FILED - PART |

OTHER THAN

“*If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter 3.
" The "Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

ADDIT. FEE

o SMALL 'ENT_ITY‘ :
X (Column 1) (Column 2). TYPE 1~ OR SMALLENTITY
1 FOR | NUMBER FILED NUMBER EXTRA “RATE [ FeE
| Basicree o ; PR
.TOTALCLAIMS | > minus 20= |* | ‘veqa. ago @
, @GG . If oR| xst8= |82
INDEPENDENT CLAIMS m|nus 3=|" ' - / O
- J X39= lor| x7e= |38
MULTIPLE DEPENDENT CLAIM PRESENT _ | )
- : +130= OR] +260="]
If t.he difference’in column 1 is Iess then zero, enter “0” in colqmn}2 TOTAL OR TOTAL IZIQQ) i
CLAIMS AS AMENDED - PART II : " OTHER THAN
‘ A ' Column?2) (Column3) ~ SMALLENTITY = OR SMALL ENTITY.
: - CLAIMS S . HIGHEST ’ . ] o F "
< [ REMAINING | NUMBER | PRESENT -} .ADDI- _ADDI-
IE < | PREVIOUSLY EXTRA - - RATE [TIONAL -RATE ] TIONAL
w bk PAID FOR ‘ . - FEE . FEE
g ‘ o = X$ 9= |or X$18=
% Independent . g Mmus o = 39— OI? X78=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM —
+130= oR| +260=
. TOTAL OR TOTAL
) ADDIT. FEE - ADDIT. FEE&
: Column 2).  (Column 3) ‘ , o v
T ‘ HIGHEST :
o | REMAINING " NUMBER .| PRESENT ADDI- ‘ ADDI-
IE - AFTER ! PREVIOUSLY EXTRA RATE [TIONAL RATE | TIONAL
Tl | AMENDMENT | PAID FOR - - FEE : FEE
% Total * Minus o = X$ 9= orl Xs$18=
W 1 ndependent |+ Minus = | e = ‘ ‘ '
Y i iR | X39= orl x78=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM - ) -
+130= OR| +260=
TOTAL OR ... JOTAL
» . ) ADDIT. F‘EE . -ADDIT. FEEL.
Column 1 Column 2)  (Column 3)
CLAIMS HIGHEST . » '
O REMAINING 4l NUMBER. PRESENT - ADDI- .| ADDI-
IE : " AFTER . PREVIOUSLY | . EXTRA RATE |TIONAL | RATE | TIONAL
i AMENDMENT _J; PAID FOR - B . FEE " FEE
= ‘ : , ,
%_ , - = X$.9=" oR X$18=
< Independent * |Minus wes = - .
< X39= 1or | ‘X78="
- FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM ' —
. +130= OR | +260="
* if the entry in column 1 is less than the entry in column 2, write “0” in column 3. e ————— ‘ .
“**If the “Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20.” TOTAL OR TOTAL

ADDIT. FEE

FORM PTO-875

(Rev. 12/99)
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H01L0023532 H HO1 HO1L HO1L0023
IPC Class Table - DWPI:
IPC - DWPI Section - DWPI Class - DWPI Subclass - DWPI Class Group -
DWPI
H01L0021768 H HO1 HO1L HO1L0021
H01L002348 H HO1 HO1L H01L0023
H01L002128 H HO1 HO1L HO1L0021
H01L00213205 H HO1 HO1L HO1L0021
HO1L002352 H HO1 HO1L HO1L0023
Assignee/Applicant:
NEC Corporation,Tokyo,JP
JP F Terms:
JP Fl Codes:
Assignee - Original:
NEC Corporation
Any CPC Table:
Type Invention Additional Version
Current HO1L 21/76846 HO1L 2924/0002 20130101
Current HO1L 21/2855 HO1L 2924/3011 20130101
Current HO1L 21/76862 20130101
Current HO1L 21/76865 20130101
Current HO1L 23/5226 20130101
Current HO1L 23/53238 20130101
ECLA:

HO01L0023532

Subgroup - DWPI

HO01L0021768
HO01L002348
HO01L002128
HO01L00213205

HO01L002352

Office

EP
EP
EP
EP
EP
EP

HO01L0021768C3B4 | HO1L0021285B4F | HO1L0021768C3D4B | HO1L0021768C3D6 |

HO01L0023522E | HO1L0023532M1C4 | T01L092430110
Abstract:
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HO1L002348 H HO1 HO1L HO1L0023 HO1L002348

HO1L002128 H HO1 HO1L HO1L0021 HO1L002128
HO1L00213205 H HO1 HO1L HO1L0021 HO1L00213205
HO1L002352 H HO1 HO1L HO1L0023 HO1L002352

Assignee/Applicant:

JP F Terms:

| 4M104BB04 | 4M104BB29 | 4M104BB30 | 4M104BB31 | 4M104BB32 | 4M104BB33 |
4M104BB37 | 4M104CC01 | 4M104DD16 | 4M104DD17 | 4M104DD23 | 4M104DD37 |
4M104DD42 | 4M104DD43 | 4M104DD52 | 4M104DD33 | 4M104FF18 | 4AM104FF22 |
4M104HH08 | 4AM104HH13 | 4M104HH20 | 5SFO33HH11 | SFO033HH32 | SFO033HH33 | 5F033HH34
| SF033JJ11 | SF033JJ32 | SF033JJ33 | SF033JJ34 | SF033KK11 | SFO33KK32 | SFO33KK33 |
5F033KK34 | 5F033LL06 | 5F033MMO01 | 5SF033MMO02 | SFO033MM12 | 5F033MM13 | SFO33NN06
| SFO33NNO7 | SF033PP06 | SFO33PP15 | SF033PP16 | SFO33PP27 | SFO33PP28 | SF033PP33 |
5F033QQ00 | 5F033QQ12 | 5F033QQ48 | 5F033QQ92 | SF033QQ9%4 | 5F033QQ98 | SFO033RR04
| SFO33RR06 | 5SFO33TT02 | 5SFO33WWO02 | SFO33WWO04 | 5F033WWO05 | SFO33WWO7 |
5F033WW10 | SF033XX02 | SF033XX13 | SF033XX20 | 5SF033XX28
JP Fl Codes:

| HO1L002128-301R | HO1L002188-M | HO1L002188-R | HO1L002190-A
Assignee - Original:

Any CPC Table:
Type Invention Additional Version Office
Current HO1L 21/76846 HO1L 2924/0002 20130101 EP
Current HO1L 21/2855 HO1L 2924/3011 20130101 EP
Current HO1L 21/76862 20130101 EP
Current HO1L 21/76865 20130101 EP
Current HO1L 23/5226 20130101 EP
Current HO1L 23/53238 20130101 EP

ECLA:

HO01L0021768C3B4 | HO1L0021285B4F | HO1L0021768C3D4B | HO1L0021768C3D6 |
HO1L0023522E | HO1L0023532M1C4 | T01L092430110
Abstract:

Language of Publication:
JA

INPADOC Legal Status Table:

Gazette Date Code INPADOC Legal Status Impact
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2015-01-15

Description:

2015-01-06

Description:

R313113

2012-06-05

Description:

2012-05-31

Description:

2011-10-18

Description:

2011-05-26

Description:

2010-06-01

Description:

2010-05-27

Description:

2009-06-02

Description:

2008-06-10

Description:

2008-06-05

Description:

2004-06-11

Description:

R350 -

WRITTEN NOTIFICATION OF REGISTRATION OF TRANSFER JAPANESE INTERMEDIATE CODE: R350

S111 -

REQUEST FOR CHANGE OF OWNERSHIP OR PART OF OWNERSHIP JAPANESE INTERMEDIATE CODE:

FPAY +

RENEWAL FEE PAYMENT (PRS DATE IS RENEWAL DATE OF DATABASE) PAYMENT UNTIL: 20130611

FPAY +

RENEWAL FEE PAYMENT (PRS DATE IS RENEWAL DATE OF DATABASE) PAYMENT UNTIL: 20120611

FPAY +

RENEWAL FEE PAYMENT (PRS DATE IS RENEWAL DATE OF DATABASE) PAYMENT UNTIL: 20120611

FPAY +

RENEWAL FEE PAYMENT (PRS DATE IS RENEWAL DATE OF DATABASE) PAYMENT UNTIL: 20110611

FPAY +

RENEWAL FEE PAYMENT (PRS DATE IS RENEWAL DATE OF DATABASE) PAYMENT UNTIL: 20110611

FPAY +

RENEWAL FEE PAYMENT (PRS DATE IS RENEWAL DATE OF DATABASE) PAYMENT UNTIL: 20100611

FPAY +

RENEWAL FEE PAYMENT (PRS DATE IS RENEWAL DATE OF DATABASE) PAYMENT UNTIL: 20100611

FPAY +

RENEWAL FEE PAYMENT (PRS DATE IS RENEWAL DATE OF DATABASE) PAYMENT UNTIL: 20090611

FPAY +

RENEWAL FEE PAYMENT (PRS DATE IS RENEWAL DATE OF DATABASE) PAYMENT UNTIL: 20080611

R150 +

CERTIFICATE OF PATENT (=GRANT) OR REGISTRATION OF UTILITY MODEL JAPANESE

INTERMEDIATE CODE: R150
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USPTO Maintenance Report

Patent Bibliographic Data

Patent
Number:

Issue Date: 03/25/2003

6538324

05/22/2015 04:06 PM

Application
Number:

Filing Date: | 06/19/2000

09596415

MULTI-LAYERED WIRING LAYER AND METHOD OF FABRICATING

Title:

THE SAME
Status: 4th, 8th and 12th year fees paid Entity: LARGE
Window Surcharge o
Opens: N/A Date N/A Expiration: N/A

~ |Window not Surchg Amt Window not | Total Amt Window not

Fee Amt Due: i )

open Due open Due open
Fee Code:
Surcharge
Fee Code:

Most recent |08/27/2014
events (upto |08/26/2010
7): 09/01/2006
09/24/2003
09/24/2003

Payment of Maintenance Fee, 12th Y ear, Large Entity.
Payment of Maintenance Fee, 8th Y ear, Large Entity.
Payment of Maintenance Fee, 4th Y ear, Large Entity.
Payor Number Assigned.

Payer Number De-assigned.

--- End of Maintenance History ---

Addressfor |CPA GLOBL LIMITED
fee purposes. | 2318 Mill Road 12th Floor
ALEXANDRIA VA 22314
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