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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 to 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, itis 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 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 (SiO2), 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 ditfus_ion-
barrier film for preventing diffusion of copper into an
interlayer insulating film formed between 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. V _

Thus, there have been made many’ suggestionsabout 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. 1 _
For instance, a structure of a barrier metal layer is

suggested in the following articles: V ’ -’ '
(a):Semiconducto_r World, Nobuyoshi Awaya, February _

1.998, 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.,

V 1998, pp. 711-716 (hereinafter,'referred to Prior Art 2);
' (c) Journal Electlrochemical Society‘, M. T. Wang et al.,

July 1998, pp. 2538-2545 (hereinafter, referred to as
Prior Art 3); and ‘ _ ‘ i

(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
‘dilfusion is suggested also in Japanese Unexamined Patent
Publications S-139092, 8-274098, 9-64044 and 10-2-56256,
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 ,to the present

_ invention. However, it is explained in the specification only
for better understanding of the present invention. The appli-
cant does not‘ admit that Japanese Patent Application No‘.
10630938 constitutes prior artto the present invention. ‘

It is quite diflicult toydry-etch copper, and hence, a copper
wiring layer is formed generally by chemical mechanical
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

US 6,538,324 B1
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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 reeessand the through-hole therewith such
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 diflfusion-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 diifusion-
barrier film is required to have high coverage as well as
capability of preventing” copper diffusion and adhesion to
copper.

The diifusion-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 (Ti'N) or tantalum
nitride (TaN). ‘

‘ Asexplained in Prior Art 2, for instance, a tantalum (Ta)
barrier film has high adhesion with acopper film formed on
the tantalum barrier film by sputtering, ensuring improve-
mentrin 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. ' _ A

Prior Art 3 reports’ that a "crystalline TaN' barrier film
oriented in directions of (200) and (111) can prevent copper
dilfusionmore 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
structure of a metal film and a metal nitride film has been
suggested.‘ _

For instance, the above-mentioned Japanese Patent Appli-
cation No. 1,0-330938 has suggested a method of fabricating

a multi-layered barrier film including. _a titanium film and -
formedgbysputtering. . _

As illustrated in FIG. 1, in accordance with the suggested

method, only an argon gas is_ introduced into a sputter
chamber to thereby form" astitanium film 1. Then, a nitrogen
gas is introduced into the-sputter chamber, and a thin
titanium nitride film ,2 is formed on the titanium film 1
lauxiliarily making use of reaction between titanium and
nitrogen..Thus, there is formed a multi-layered barrier
‘structure '3 comprised ofthe titanium film 1 and the thin
titanium nitride film 2.

In the method, a metal oxide film formed on an «underlying
wiring film is removed by argon plasma prior tocarrying out
sputtering." , e ' . ., '

However, the conventional barrier film for preventing
copper diffusion is accompanied with the following prob-
lems. , " ' _

The first problem is that it is quite difficult to make a
diifusion-barrier film l_1'ave'both a characteristic of prevent-
ing copper dilfusion and a suflicient adhesive force with
copper. . _ i I '
' As illustrated in FIG. 2, it is now assumed to form a metal
film 5 having a crystallized pillar structure, on a semicon-
ductor substrate 4. In the metal film 5, alot of grains each
comprised of individual crystals, 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 copper is diffused. As a result, the
metal film‘ 5 has low barrier characteristic of preventing
copper diffusion. ‘ .

As illustrated in-FIG. 3, it is now assumed to form a metal
film 5a on a semiconductor substrate’-1. If the metal film 5a

is composed of me_tals 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 V
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 preventing
copper diffusion. , '

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 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 dilfusion would be deteriorated. As ‘a result, the
copper film would enhance reliability in copper wiring. ‘

In contrast, the metal film Sa 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
,uS2cm, and does not have the paths through which copper is
dilfused unlike the crystalline metal film 5 illustrated in FIG.
2. As a result, the metal film 511 would have high barrier
characteristic of preventing copper diffusion. '

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

' phous and hence crystal latticeis 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 diflicult to form a
diffusion-barrier film having a single-layered structure com-
prised only of a crystalline metal film or an amorphous metal
nitride film, and further having high barriercharacteristic of
preventing copper diffusion and high adhesion to" copper.

The.,secon';l problem is caused when a ,diffusion‘-barrier
film is designed to have a multi-layered structure in order to
avoid the above-mentioned problem- of the single-layered
dilfusion-barrier film. ‘ ' . .

For instance, if arliffusion-barrier film is designed to have
a multi-layered stnicture 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 having
high barrier characteristic of preventing copper diffusion and
high adhesion to copper. ' ' ‘ ‘

However, since it was not possible in a conventional
method to successively forma crystalline metal film and an
amorphous metal nitride film by sputtering, the crystalline
metal film and the amorphous metal 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 sputtering chamber
to thereby forrna titanium film, and introducing a nitrogen
gas into the sputtering chamberto thereby form a titanium
nitride film on the titanium film-. _

However, in accordance with this method, the titanium
nitride film cannot be formed until partial pressures of argon

and nitrogen become stable by varying a mixture ratio of
argon and nitrogen. Hence, it ‘is impossible to enhanceia
fabrication yield offabricating a diffusion-barrier film hav-
ing a multi-layered structure. I "

 4
The third problem relates to coverage of a film formed by

' sputtering.
In general, when a_ metal film or a metal nitride film is

formed by sputtering, 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 are 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 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 plasma density, and hence, there
cannot be expected re-sputtering elfect 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 metal plate
formed with a lot.of through-holes 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
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. . - i

The fourth problem is thatia crystalline metal film having
high adhesion with a copper _film tends t.o react with atmo-
sphere to‘ thereby a reaction layer at a surface thereof.

Such a reaction layer would much deteriorate adhesion of
‘a metal film withacopper film. . '

The ‘fifth problem is a copper oxide film is adhered. again
to a recess or hole.‘ _ . - . >

"An oxide film formed onia surface ‘of an underlying wiring
metalfilm is removed by argon plasma prior to deposition of
a dilfusion-barrier film by sputtering. When an underlying
wiringlayer is composed oficopper, a copper oxide film is
scattered by argon’. sputtering, and as a result, the thus
scattered copper oxide is adhered againto a recess or hole.
formed at a surface of an insulating film.

The sixth problem is that when a copper filmis formed on
'a tantalum film and an amorphous TaN film by CVD,

adhesion between the. copper film and a diffusion-barrier
film is deteriorated. ‘.; g ' '

SUMMARY. on THE INVEN'I‘ION
In view of the above-mentioned problems in a conven-

tional _dilfusion—barrier film, it is an object of the present
inventionpto provide a diffusion-barrier'filr'n having both a

,dilIusion-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 object. of the present inventionjto provide a
multi-layered wiring" _structure including the above-
mentioned diffusion-barrier film. , ' '

_ "Another object of the present invention is to provide a
method of fabricating such the above-mentioned diifusion-
barrier film. ' ' _ '

A furtherobject of the present invention is to provide a
method of fabricating a multi-layered copper wiring layer in

which copper is ’ buried above the above-mentioned
diffusion-barrier film. ; i
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In one aspect of the present_inve’ntion, there is provided a
barrier film preventing fiilfusion 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 common
metal atomic species. - , "

It is 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 dilfusion 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 common 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 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 steps of (a) preparing gas contain; ‘
ing nitrogen therein, and (b) varying only power of an
electric power source for generatingplasma to thereby
successively form "a difiusion-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 metal atomic species of '
sputter target.

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

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, tungster1,rtitanium,, molybd_en1i'm
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 has a thickness in the
range of 60 angstrornsy, to 300 angstroms both inclusive.

Thereis further provided a method of forming a diffusion-
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 being cornposed of crystalline
metal containing nitrogen therein, the seco'r1d 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 forminga
difliusion-barrier film by RF magnetron sputtering, including

the steps of (a) setting an electric power source for genera-
tion plasma to generate power having a first value, to thereby

a first film, with: a concentration of nitrogen in plasma" gas

6

being -kept‘ at a constant, and (b) setting the electric power

source to generate power having a second value greater than
the first value at the moment when the first film is formed by
a predeterrninedthickness, to thereby form a second film on
the first fi_lrn. '

It is preferable that the"first film is composed of amor-
phous metal nitride, and. the second filmis comprrsed of

, crystalline metal containing nitrogen therein.

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 diifusion-barrier-film to cover the
recess or hole therewith without exposing to atmosphere, the
difiusionl-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 diflfusion-barrier film without exposing to

atmosphere. . . ,
It is preferable that the difiusion-barrier film is formed by

sputtering. -

It is preferable that the copper film is formed in vacuum.
It is preferable that the copper film is formed by thermal

chemical vapo_r deposition in which thermal dismutation in
a complex of organic metal is utflized.

It preferable that the_copper film is.formed by sputtering
which copper target is used. _ r

_The advantages obtained by the aforementioned present
invention will be described hereinbelow. - .

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

‘ tallinle metal film containing nitrogen therein, ensuring high
adhesion therebetween and high crystallinity of a copper
film. ‘ I r r ’_

I In addition, since the metal film contains nitrogen therein,
copper diffusion into a semiconductor device can be pre-
rventedmore effectively'than 'a metal film having pure

crystals.‘ _ .. V . , V
In the diffusion-barrier film in accordance with the present

invention, an amorphous metal_film containing nitrogen

therein lies under a crystalline-metal film containing nitro-
gen therein. Hence, it is possible to elfectively prevent
copper diffusion, and to ensure high adhesion with an
underlying insulating film such as a silicon dioxide film.
That is, by forming a copper wiring layer on the difl'usion-
barrier film in accordance with the present invention, it is
possible to not onlyrensure high crystallinity and high
adhesion of a copper wiring layer, but also to prevent copper
diffusion. .: v.._ V. _ ' ' '

The method inaccordance with the present. invention
makes it possiblevto successively 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 containing
nitrogen-therein is employed. I-Ierein, the ‘firstlfilm is com?
posed of crystalline metal containing nitrogen therein, and
thesecond film is composed ofamorphous metal nitride.
The barrier film is constituted of metal atomic‘ species of
sputter target. _ r _V ,

Specifically, an electric 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
suificient reaction with nitrogen, and resulti-ugly,‘ 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 sufiicient time for
reaction between nitrogen and target metal.As a result, there

isiobtained a crystalline metal film containing nitrogen
therein. . V .

Thus, it is possible._ to successively form a diffusion-
barrier film in the same chamber, wherein the diffusion-

barrier film has a_.multi-layered stnrcture including a crys- _ ‘
talline‘ metal film containing nitrogen therein and an

‘amorphous metal n.itrid'e film.

The., method of fabricating a diffusion-barrier film
‘employs RF magnetronsputtering in which rotaticinal 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 equal 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 ditfusion-barrier
film. ,

The method of fabricating a diffusion-barrier film,_in
accordance with the present invention, includes the step of
-radiating plasma of argon containing hydrogen therein, to a I
recesseor 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 surface of arecess or hole formed at a surface of- an

insulating film.

Then, a ditfusion-bar-rier film is fonned to cover the recess
or hole therewith without"exposing to atmosphere, wherein
the ldiflusion-barrier film has a multi-layered structure of
first and second films, -the, first film being composedof

‘ crystalline metal containing nitrogen therein, the second film
»-being composed of amorphous metal nitride. Then, a thin
copper film is «. formed on'_ the diffusion-barrier film in
vacuum. As a ‘result, there is obtained 3. multi-layered

structure comprised of the diffusion-barrier film and the
' copper wiring -film without a metal oxide layer being sand-

wiched lherebet\veen.

The above and other objects and advantageous features of
the-‘present invention will be madeapparent from the fol-
lowing description 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. . _ _ V_ _ , . .
FIG. 2 is a cross-sectional view of another conventional

copper wiring structure. ‘ ~
FIG. 3 is a cross-sectional view of stillanother conven-

tional copper wiring structure. I I
FIG. 4A is a cross-sectional view of a dififusion-barrier .

film in accordance with the first embodiment of the present
invention, illustrating the first step ofa 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 second step of a method of fab-
ricating the same. 7 ;

FIG. .4C is a cross-sectional view of a diffusion-barrier
film in’ accordance with the first embodiment of the present

. . 8

invention, illustrating the third step of a method of fabri-
cating the same. ' ' , 5

FIG. _4D is a cross-sectional view of a difi°usion-barrier
film in accordance with the first embodiment of the present
invention, illustrating the. fourth step of ‘a method of fabri-

cating the same.
FIG.“-75 illustratesa high-pressure RF.magnetron sputter-

ing apparatus used_in the first e-mbodiment.

FIG. 6'is a graph showing coverage characteristic of a
tantalumyifilm in high-pressure RF magnetron sputtering."

FIGS. :7 and _8 are cross-'sect_io_nal views of a recess
covered vsitli a tantalum film in. higli-'pressure.RF magnetron

sputtering. ‘
.FIG. ’9 is‘ a graph showing a relation among a ratio of a

nitrogen gas in a 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 quality and
characteristics of TaN and Ta films in high-pressure RF
magnetron sputtering.

FIGS; 19 and 20 are photographs of a film formed by

high-pressure RF magnetron sputtering which photograph is
takenby means of a scanning electron microscopy (SEM).

FIG. 21 is across-s,_ectio_nal view of a dilfusion-barrier

film forrned by high-pressure RF magnetron sputtering
which barrier-dilfusionvfilm is comprised of a crystalline Ta

film con’t'a.ining nitrogen in solid solution and an amorphous
metal T-'aN film. .

FIG.-22 is a‘ photograph of a film formed by high-pressure
RF’magnetron sputtering which photographis taken by
means of a scanning electron microscopy (SEM).

' FIG.»23 is a cross-sectional View of a diffusion—harrier

film covering a recesstherewith.

FIG. 24 illustrates a DC magnetron sputtering apparatus
used in thefourth embodiment. »

FIG. '25 is-at c’ross-sectionali viewofia diffiision-barrier
film covering a recess formed at a surface of an insulating
film forrijed above a lower wiring layer.

‘FIG.-26 is a cross-se'ct'ional view of a diffusion-barrier
film covering a recess formed at a surface of an insulating

film formed above lower wiring -layers. ’
FIG. 27 is a plan view of a cluster apparatus used for

forming ‘a copper wiring layer. ' .

FIG; 28 is :1 graph showing a diffusion profile of fluorine
into a diffusion-ba'i'rier film. '

FIG. 29 is a graph showing a ditfusion profile of copper S
into a diffusion-barrier film. ' _ _ V

FIG. is a cross-sectional.view’of a'copper wiring
strucfure__in'accordance with the seventh embodiment. '

FIG. 31‘ is a cross-sectional view of a copper wiring
structure in accordance _with the seventh embodiment.

DESCRIPTION or: 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 accor-
dance‘ with the preferred embodiment is explained herein-
below witli‘ reference to FIGS. 4A to 4D-.

illustrated in-FIG..4A, a first-insula.ring~filrn 12a is
V ' formed on a semiconductor substrate -11, and a second

insulating film 12b 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 substratell is exposed to argon
plasma containing hydrogen therein. in a first chamber. '

Then, the semiconductor subst.rate 11 is transferred in
vacuum to a second chamber-,’ and a film is formed on the

semiconductor substrate: 11 in a nitrogen-containing gas
sputtering in which a sputtering target is composed of
refractive met.al.

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 sufficierxtreaction with nitrogen, andan
‘amorphous metal nitride film 15 is deposited over a surface

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

Then, immediately after theformation of the amorphous
metal nitride film 15, the electric power source is set to

_generate relatively high power to thereby form "as film
without allowing suflicient 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 elfectively fabricate the diffusion-barrier film 17
having agmulti-layered‘structure, 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 sufiicientlyhigh
while ‘deposition of_ the diffusion-barrier film 17 by

sputtering, it would be possible to enhance coverage of the
dilfusion-barrier film 17.

_ Thereafter, the semiconductor. substrate 11 is transferred
into a third chamber in vacuum. Then, a copper film '18 is
deposited over the dillusion-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 illustrated in FIG. 4D, the difl‘usion-barrier film
17 and the copperifilm 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 diffusion is to introducenitrogen into the
metal "film 16. In addition, the metalfilm 16 containing‘
"nitrogen ensures high adhesion with copper. The amorphous .
metal nitride film 15 also has a’ characteristic of preventing :
‘copper diffusion, and further enhances 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 toprevent copper from'being dilfused

from the copper film'18 intothe second insulating film 12b.

Hereinbelow _are ‘explained detailed examples, of the
‘above-mentioned embodiment.

FIRST EXAMPLE

-In‘ the first exarnple,'her'einbelow is explained sputtering
for fabricating a rnulti-layered structureicomprised of a
crystalline metal. film containing nitrogen therein 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. '

US _6,i538i,:32“4.. B1
. . . 10

In the illustrated RF magnetron sputtering apparatus, a
chamber 21 is kept to be in vacuum, specifically,‘to have an
internal pressure of_ about 1><10'7 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, to. about 20 to 300 degrees centi-
grade: A metal target 28 or the semiconductor substrate 22
is designed to- be able ito 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 controllers 31, and then,
introduced into thechamber 21. When the argon and nitro-
gen .gases are introduced into the chamber 21, the chamber
21»has an -internal pressure of about 2.1=a to about 17 Pa.

The metal target 28 has a‘ diameter, for instance, in the
range of. about 300 mm" to about'»32O 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 uniforrnized, and erosion at a surface of the

' metaltarget 28 is also uniformized. As a result, it is possible
to enhance uniformity of ‘a film to be formed on the
semiconductor substrate 22. -’

' A RF 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 diameter of 300 mm, ‘at 0 to 10
kW. '

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

‘ nitride film ‘15 is formed. 1 '
The inventor actually formeda tantalum :fi1m covering

therewith‘ the -hole 14 (see FIG. 4A) formed through the
second insulating film 12b by means of the above-mentioned
RF magnetron sputtering apparatus. -The coverage charac-
teristic of the tantalum film is shown in FIG. 6.

The hole 14 had a diameter in the range-'o_f 0.3 pm to 1.5
/,¢m. The second insulating film 12b had a thickness of about
1.5 ,um where the hole 14 was formed. 2 ‘

As is obvious in view of FIG. 6, as a sputtering pressure
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 bottomof the hole 14 to
a thickness of the tantalum film at a surface of the second

insulating film 12b. Specifically, when a sputtering pressure
is over 5 Pa, suflicient coverage can beobtained to a hole
having a great aspect ratio. ’ ' ' ‘

Athickness 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 sputtering pressure is
increased, the tantalumifilm covers an inner sidewall of the
hole 14 therewithto a greater degree.

The reasonof this phenomenon is considered as follows.

The first reason is an increase-in the number. of Ta ions in
plasma gas, as illustrated in FIG. 7. I
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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 tantalu_m ions 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, overhanging which occurs in the vicinity of an edge
of recess or hole conventional sputtering is suppressed,
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, t__antalum 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 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 depositedon 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 cons_idered_ that argon ions are
generated in a suflicient density by virtue of a high pressure,
and a tantalum film having been deposited are re-sputtered
by the argon ions. _ ‘ V.

In accordance with. the experiments the 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 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 ofnitrogen gas to be introduced into
the chamber 21 (N2/(Ar+N2)).

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 semiconductor
substrate 22 was 134 mm.

12-

As a ratio of N2 gas in the flow rate ratio N2/(Ara-N2) is
increased, the resistivity- is.once reduced, and thereafter,
increased again, regardless the RF power. However, an
increaserate of the N2 gas ratio is dependent on the RF
power; The resistivity increases at a 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/cmz) is applied to the-.tantalur‘n target having
a diameter of 2300 mm.‘ I '_

Specifically, FIGS. 1010 13 shows XRD patterns when
the N2 gas ratio is equal to 0%, 1%, 5%, and 7% respec—‘
tively. I-Iereinbelow are explained‘FIGS. 10 to 13 in com-
parison with FIG." 9. _

When the N2 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 .,u§2-cm, as
illustrated in FIG. 10.

When.‘ the N2 gas ratio is equal to 1%, there is obtained a
crystalline metal film (herein, a tantalum film) containing
nitrogen therein, whichincludes [3-Ta and TaN0_, in mixture
and which has resistivity in the range of about .100 ;¢§2-cm,
as illustrated in FIG. 11. ' '

When the N2 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
#9-crn. ' - ‘

When the’N2 gas ratio is equal to 7%, a crystalline metal
nitride film (Ta3N5) 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 spealdng, 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
sputtering gas and RF power. The present invention is based
on this discovery. , '

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

- (that is, a pressure of-sputtering gas) and N2 composition
ratio in sputtering. Accordingly, it is necessary in practical
use to keep both a flow rate of sputtering gas (that is, a
pressure of sputtering ' gas) and N2 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 N2 gas ratio is kept fixed at 2%. As is
obvious in view of FIG,.,14f, it is understood that it is possible
tocontrol film quality and resistivity of a film to be formed
by sputtering, even when only RF power is "varied. In F-IG.
14, resistivity is varied when a 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 ‘characteristics observed
- when..RF power isequal to 2 kW, 3 kW, 6 kW and 8 kW,

respe_ctive1y.
Specifically, when_R_F power is equal to 2.kW, there is

‘ obtained amorphous Ta2N, as‘ illustrated in FIG. 15. By
increasing RF power, there isobtained crystalline TaNo_1.
When RF power is equal to 8 kW,- there is obtained a
crystallinernetal film containing nitrogen therein, which
includes a |3-Ta film and TaN0_1 in mixture. , r
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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 TaNo_,
in mixture, and having‘ a pillar-like structure. I

That is, if Ta'2N, 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

v 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 17‘is formed on a semicon-
ductor substrate 11 where the diffusion-barrier film 17 ha a
multi-layered structure comprised of an amorphous metal
nitride film 15 and a crystalline metal film 16 containing
nitrogen therein. Specifically, the amorphous metal nitride
film 15 is an amorphous Ta2N film, and the crystalline metal
film 16 is composed of crystalline [3-Ta and crystalline
TaNo., inmixture. '

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 Ta2N film 15 and the

‘crystalline metal film 16 containing, nitrogen therein 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 sutficient time for a tantalum target to be nitrided by N2
at a surface thereof. Hence, the tantalum target is nitrided at
a surface thereof, and -tumed into‘ Ta2N. Since the thus
produced Ta2'N is sputtered by argon ions, a Ta2N,film is
deposited. However, when.sputtering power is set equal to '

8 kW, the tantalum target is sputtered by argon ions before
~ a surface of the "tantalum target is sufliciently nitrided. As a

result, there is-obtained .a' tantalum film slightly containing
nitrogen. a “ ‘ ‘7 ' ' ‘

By utilizing the above-mentioned phenomenon, itiis pos-
sible to form the diifusion-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 (Ta2N) film 15
is required to have such a thickness that barrier characteristic
of preventing copper dilfusion is ensured and adhesion with
the underlying insulating film 12b is also ensured‘. A desired
thickness of the amorphous metal nitride (Ta2N) 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-Taand crystalline
TaN0_, in mixture is required to have such a thickness that
barrier characteristic of preventing copper ditfusion is
ensured and adhesion with copper is also ensured. Adesired
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 having been explained in
the first example makes it possible to enhance coverage

. 114 _

characteristic of a deposited film for covering a recess or
hole therewith, by introducing a gas having a higher pressure
than usual, specifically, a pressure equal-to or; greater than 5
Pa, into ~_a chamber. I 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, ev.en 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 filled with the. diffusion-b‘arrier_ film 17. ’

Foijnm EXAMPLE

In the"above-mentioned firstiand 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 N2 gas ratio and RF power are ditferent
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 semicon-

ductor substrate‘ 22, a target metal 28 fixed to a top of the
chamber 2] by means of insulators 29 and a cathode '23,‘a
pump 33 for exhausting air from the chamber 21 such that
a pressure in the chamber 21 is in the range of about 1x10'7
Pa to about ‘lx10‘° Pa, a magnet 42 positioned above the
target metal 28, "mass flow controllers 31 for adjusting flow
rates "of argon gas and nitrogen gas, andallowing the gases
to enter the chamber 21, and a DC electric power source 41

for applyingla DC voltageto both the cathode 23 and the
' heater 34. f '

'I‘umin_g"the DC electric power source 41 on, argon plasma
containing nitrogen therein is generated inthe chamber 21.

FIFTH EXAMPLE

In the first and second examples, there is formed only one
via-hole.'_and_ wiring. However, it should be noted that the
preseiit invention may be applied to a copper wiring struc-
ture ‘including two or more via-holes and wirings.

_[n the fifth example," as illustrated in FIG. 25, a first
insulating film 12a is formed» on asemiconductor substr'atel
.11. The first insulating film 12a isyformed with via-holes
whichis filled with a copper wiring layer 44 with a
diffusion;-barrier film 17 being sandwiched betweenvan inner .
surface of each of the via-holes andthe copper wiring layer
44. A second insulatingfilm 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
1'7. being sandwiched between inner surfaces of the recesses
and the via-holes, and theicopper 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 multii-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 difiusion-barrier layer 17, and filled
with copper. wiring layers 44a and 44b.

I-Iereinbeloxv is explained a method" of fabricating 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 Ila. A semiconductor device 11b
is fonned on the semiconductor substrate 11 between the

oxide layers 11a.
- Afirst insulating film 12a is formed on the semiconductor

substrate 11. Thetfirst insulating film 12a is comprised of, for
instance, a silicon"dioxide film. 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 difi.’usion-barrier film 17. The‘dilfusion-

barrier film ~17 has a multi-layeredstructure comprised of a
crystalline nitrogen-containing metal film and an amorphous
metal nitride film, and has sufiicient 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 12a
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 toeprevent -
oxidation of the copper wiring layer 44a, a silicon nitride
film 12d is formed over the first insulating film 12:1:

Then, a second insulating film 12b 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. Then, the
recesses and holes formed in the second insulating film 12b
are covered with the diffusion-barrier film 17, and the

recesses and holes'ar‘e filled7with the copper wiring layer

_44b. By repeating the above-mentioned steps by the desired
number, there can be fabricated a semiconductor device

"having such a multi-layered copper wiring structure as

illustrated in FIG. 25. ‘ - V

" F F ' SIXTI-I EXAMPLE

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

FIG. 27 is a top plan view of an apparatus of fonning a

copper wiring layer, in accordance with the sixth example.
' The apparatus includes a cluster chamber 51 including a
separation chamber 51 at'a center. The separation chamber
51 is equipped _ther,ein. with a robot 52 for transferring 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
fabricating a dilfusion-barrier film, and a chamber 49' used i
for forming a copper wiring layer, arranged around the
separation chamber 51. ' ' V

Ittis possible to form a copper-_wiring layerwithout
exposure of a semiconductor substrate to atrnosphere

through the use of the cluster chamber 50.
Hereinbelow areexplained steps of fabricating a copper

wiring layer. ' 7

‘ 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 formed in advance with a recess and/or hole. .

Then',',the lord lock chamber 45 evacuated of. airby
means-"of a dry pump and a turbo pump for about -five

Us"76,538,73:24 Bii1Vi*i F ‘R-5?-

.1 .

., 16 .

minutes. As a result, the lord lock chamber 45 has a vacuum
degree ofv7;<10'3 Pa to 8x10'3 Pa.

Then, a gate valve 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
5><10‘5 Pa to 1x1'OT5 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 semiconductor substrate istransferred into the
chamber 46 which is in advance” kept in a vacuum degree of
about‘6x1031 5 Paby means of a dry pump and a.rurbo pump{
The semiconductor substrate is heated atabout 50 to about
200 degrees centigrade 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
vacuum degree of about 5x10‘° Paby means of a cryosorp-
tion pump, dry pump aindia turbopump. '

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
(H2/A_r=3%). By carrying outplasma-etching, a surface of
the semiconductor substrate and inner surfaces of a recess

and a hole are reduced and cleaned. ‘

The plasma-etch‘ingV'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. . .

V 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 4xl0'5 Paby means of a cryosorption pump,
dry pump and at turbo pump. The high-pressure, RF magne-
tron sputtering as having been explained-in the first example
is carried out in-the sputter chamber 48-.‘" ' . _ “ ' '

t In ‘the sputter chamber 48,- a crystalline nitrogen-
containing? metal film (afilm composed‘ of crystalline B-Ta

, and crystalline TaN0_, in mixture) and an amorphous metal
nitride film (a Ta2N film) are deposited on the semiconductor
substrate by‘..the method having been explained .in the first
and secondexamples, wherein RF power is instantaneously
switched; In'this example, a gaspressure is kept at 10 Pa, a
substrate temperature isrkept at 200 degreescentigrade, a N2
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. v _

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><l0"‘ Pa
by means of a dry pump and a turbo pump. Since the
semiconductor substrate is transferred ‘in vacuum, the crys-

talline nitrogen-containing metal film in the diffusion"-barrier
film is kept"clea_n at surface thereof. A copper film is
deposited on_ the crystalline ‘nitrogen-containing metal film
by chemical vapor deposition.(CVD) such _tha_t the recess
and hole is-filled with copper, as follows. ._ , -

The semiconductor substrate is kept"-at about 170 to-about
200 degrees centigrade. -A sourceincluding Cu (hfac) tmvs
(trimethylvinylsilyl_hexafiuoroacetylacetorrate 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, resulting in

that the chamber.49 is kept at about"1"kPa. '
The gas introduced intothe chamber 49 makes chemical

reaction on the'se'mi'conduetor substrate, and is turned into
copper, and then‘, deposited on the semiconductor substrate.
Herein, copper is deposited by such a thickness that a recess
and/or hole is-sufliciently 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 diflusion-barrier
film, diffusionof fluorine into the diffusion-barrier film, and
diffusion of copper into the difiusion-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 [3-Ta film obtained by sputtering carried out in argon
atmosphere, since fluorine segregates at an‘ interface
between copper and tantalum, the B-Ta film would have poor
adhesion. With respect to a Ta2N film, though fluorine is
dilfused into the Ta2N film,_copper is scarcely diffused in the
Ta2N film. As a result, atomics are coupled with each other
‘with ,a poor force, and hence, the Ta2N ‘film would have poor
‘adhesion. In contrast, with respect to a Tal\I0,, film, since
copper and lluorine are allowed to be dilfusedinto the
TaND_] film,-atomics-are coupledewith each other_w_ith "a
strong force, and as a result’, the TaN'0_, film would high
adhesion. ‘ — - - - - '

Thus, it is understood that if copper is deposited by CVD,
the dilfusion-barrier film’ having a multi-layered structure
comprised of a crystalline TaN0_, film and an amorphous
Ta2N film would have enhanced adhesion and barrier 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 dilfusion-barrier film is kept clea.n at a
surface, and hence, film ‘quality of a copper film "formed by
CVD is likely to be reflectedito 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 dilfusion-barrier film.

SEVENTH EXAMPLE

The seventh’ example relates to the cluster chamber 50
illustrated in FIG. 27. In the seventh example, the sputter

"chamber 48 is positioned in,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‘-ba‘rri‘er film includes a TaN0_, film containing
crystalline |3-Ta therein, at a’ surface, adhesion between the
dilfusion-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. I '

‘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
strlicture as illustrated in FIG. 30. Specifically, recesses and .

_ .. 18’
holes formed in the second insulating film 12b are covered
with the dilfusioni-barrier film. 17, and a copper film 53 is
formed covering the dilfusion-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-layered barrier layer 17, the copper film 53 formed by

» CVD or sputtering, and the "second copper film 54 fomied by
plating. Thercafter,_as illustrated in FIG. 4D", for. instance,
the second 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,

While ?the present invention has been described in con-
nection withithe preferred embodiments, the present inven-
tion provides the following advantages.

The" first advantage is that it is possible to have a
difiusion-barrier film having suflicient barrier characteristic
of preventing copper diifusion and high adhesion 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. _ . i

The second adva_n_tage is that it is possible to successively
fabricate the dilfusion-barrier film in a common chamber.
This ensures reduction in" apparatus cost and reduction in

time for- fatal-‘icating"the dilfusion-barrier film.
This isbecause that .llViS"p‘O,SSlbiIC to successively form an

' amorphous meta! nitride’ film and a crystalline" nitrogen-
‘ containing‘ metal film by instantaneously changing only RF

power with a volume ratio of a nitrogengas to avprocess gas
introduced into a chamber, being kept constant. In accor-
dance with this method, anuppermetal film in the diffusion-
barrier film inevitably containsl nitrogen therein.

The third advantage is that a copper film can be formed
with a surface of the diffusion‘-barrierfilm being kept clean,

through the use of an apparatus of transferring a semicon-
ductor substrate in vacuum. Asa result,’ reliability in a-

copper wiring layer can be enhanced.

While‘ the present’invention' has been described in con-
nection with ‘certain preferred embodiments, it is to be
understood that the subject matter encompassed by way of
the present invention is not tobe limited to those specific

embodiments. 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 spirit
and scope of the following claims.

The entire disclosure of Japanese Patent Application No.
11-214110 filed "on" Jun. 24,1999 including specification,

claims, drawings and summary is.incorporated herein by
‘ reference in its entirety. -

What is claimed is: e
1. A barrier film preventing .'diffusion of’ copper from a

copper wiring layer formed on a semiconductor substrate, I
. comp_r_lising a multi-layered structure of -first and second

films, ' . . _

said first film beingcomposed of crystalline metal con-
' taining nitrogentherein, ’
saidsecond film being ‘composed of amorphous metal

nitride, , _ ~ T -

said barrier film being constituted’ of common metal
atomic species, . '

said first film being formed on said"second film,
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' is composed of Ta2N,

1; 4
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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.

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

3. The barrier film as set forth in claim 1, wherein said first
film has a thickness 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 TaN0.1, and said second film

5. A multi-layered wiring structure comprising a barrier
film which prevents dilfusion of copper from a copper
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, i

said barrier film being "constituted of common metal
atomic species, ‘

. H“ 20

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 of said second film. V

6. 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;

7. The rnulti-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.
8. The multi-layered wiring structure as set forth in claim

5; wherein said barrier film covers a recess and a hole
formed throughout-anvinsulating film formed onan under-

lying wiring layer. V
9. The multi-layered wiring 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 B-Ta and TaNo,1,

and‘ said second filrn is composed of Ta2N.
* * * * *
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5

MULTI-LAYERED WIRING LAYER

_ AND

METHOD OFFABRICATING THE SAME

BACKGROUND OF THE INVENTION

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.

DESCRIPTION OF THE RELATED ART

As a semiconductor device has been designed to be smaller and smaller

in size, wiring delayiexerts greater 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. 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 (SiO2), if copper enters MOSFET formed on a silicon substrate,

copperwould induce reduction in carrier lifetime. '

Hence, it is absolutely necessary for a semiconductordevice having a

copper wiring layer to have a diffusion-barrier film for preventing diffusion of

copper into an interlayer insulating film formed between 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 reliabilityin 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 structure of a barriermetal layer is suggested in the

following articles:

(a) Semiconductor World, NobuyoshiNAwaya, February 1998, pp. 91-96.

(hereinafter, referred to as Prior Art 1);

(b) Advanced Metallizationi 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 Society, M. T. Wang et al., July 1998,‘ pp. 2538-

2545 (hereinafter, referred to as Prior 3); and

(d) 1998 Symposium on VLSI Technology Digest of Technical Papers, D.

Denning et al., 1998, pp. 22-23. I

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 Publications8-139092, 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 to thepresent invention. However, it is explained in the

specification only for better understanding of the present invention. The

applicant does not admit‘ that Japanese Patent Application No. .10-330938 A

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 chemical mechanical polishing (CMP).

'/ Specifically, .a copper wiring layer is formed as follows.

An insulating film is formed on an underlying copper wiring 1aye‘r. V

Then, the insulating film is formed with a 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 thelthrough-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. I

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. . A

-‘-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 _(’I‘iN) or tantalum nitride

(TaN). A A

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 improvement inrcrystallinity 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 reports that a crystalline TaN barrier film oriented in

directions of (200) and__(111) can prevent’ copper diffusion more highly than a

crystalline Ta barrier film.

As an solution to enhance a characteristic of preventing copper

diffusion and adhesion to copper, amulti-layered structureof a metal film and a

metal nitride film has been suggested.

For instance, the above-mentioned Japanese Patent Application No.

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

3

K. 1
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including a titanium film and formed by sputtering.

As illustrated in Fig. 1, in accordance 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 film 2 is formed on the titanium film 1 auxiliarily making use of

reaction between 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.
l

In the method, a metal oxide film formed on an underlying wiring film

is removed by argon plasma prior to carrying out sputtering.

However, the conventional barrier film for preventing copper diffusion
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 diffusion and a sufficient
adhesive force with copper.

As illustrated in Fig. 2, it is now assumed to form a metal film 5 having 5

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 boundaries .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 paths 8 through which copper is diffused. As a result, the
H metal film 5 has low -barrier characteristic of preventing copper diffusion.

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

‘semiconductor substrate 4. If the metal film 5a 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 5a would

have a pillar-lilsie structure similarly to the metal film 5 illustrated in Fig. 2, and

accordingly, the. metal film 5a wouldfhave 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 8 -Ta (002) film as obtained in sputtering of ap

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. A T
In contrast, the metal‘ film 5a illustrated in Fig. El, 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 /1 Q. cm, and

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

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

barrier characteristic of preventingcopper. diffusion. .

However, 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 nitride film, and further having high barrier characteristic of ’

preventing copper diffusion and high adhesion to copper.

The second problem is caused when a diffusionibarrier film is designed ' ‘H

to have a multi-layered structure in order to avoid the above-mentioned "problem
of the single-layered diffusion-barrier film.

For instance, if a diffusion-barrier film is designed to have a multi-

layered structure comprised of a crystalline metal film having high adhesion to‘

copper and an amorphous‘ metal nitride film having highbarrier characteristic,\

such as TaN, there would be obtained a_ diffusion-barrier film having ‘high 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,vthe crystalline metal flmandthe amorphous metal nitride film had to

be separately formed" inthe same sputtering chamber? or be formed in separate A

l_ sputtering chambers.

For instance,,the above-mentioned Japanese Patent Application No.

10-330938 has suggested a method including the steps of introducing anargon gas

into a sputtering chamber to thereby form a titanium film, and introducing a .
nitrogen gas into the sputtering chamber to thereby form a titanium nitride film

on the titanium film. I

However, in accordance with, thismethod, the titanium nitride film

cannot be formed until partial pressures of argon and nitrogen become stable by

varying a mixture ratio" of argon and nitrogen. Hence, it is impossible to enhance

a fabrication yield of fabricating a diffusion4barrier film having a multi-layered _- ‘
structure .

The third problem relates to coverage of a film formed by sputtering.

' In. general, pwhen a metal film or a metal nitride film is formed by

sputtering, a metal target is sputtered by ‘argon plasma generated by virtue of i

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._ l i

In sputtering, a pressure at vvhich almetal target is sputtered is low, ‘

specifically, equal to 1_Pa or smaller. Since metal particles sputtered by argon *

plasma are radiated randomly to a surface ‘of a substrate.,»for instance, if the

substrate is formed at a surface thereof with a deep recess or hole, it Wouldalmost
impossible to deposit a metal film such that such a recess or hole is completely

covered with‘ the metal I
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 substrateis sputtered by argon

6....
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' plasma.

In order to enhance coverage of a metal film, there has been suggested

collimate sputtering in which a metal plate formed with a lot of through-holes is

located between a sputtering target and a substrate, and metal particlesare

caused to pass through the through-holes to thereby uniform direction of metal

particles. 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 itis not M

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 atmosphereto thereby a reaction

layer at a surface thereof.

Such a reaction layer would much deteriorate adhesion of a metal film

with a copper film.

The fifth problem is a copper oxide film is adhered again to a recess or

hole.

An oxide film formed on a surface of an underlying wiring metal film is

removed byvargon plasma prior to deposition of a diffusion-barrier film by

sputtering. _When an underlyingwiringilayer is composed of copper, 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 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

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 between a copper film and

i an interlayer insulating film.

It is also 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 method of

fabricating such the above-mentioned diffusion-barrier film.

A further object of the present invention is to provide avimethod of
fabricating a’ multi-layeredcopper wiring layer in which _copper is buried above
the above-mentioned ‘diffusion-barrier film.

In one aspect of the present invention, there is provided a barrier film

preventing diffusion 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 nitrogen

therein, the second film being composed of amorphous metal nitride, the barrier

film ‘being constituted of common metal atomic species.

It is preferable that the first film is formed on the second film.

It is preferablethat 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 provided a _multi-

layered wiring structure including a barrier film which preventsodiffusion 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 common metal atomic species.

Itiis preferable that the barrier’ film covers a recess and a hole formed

throughout an insulating film formed on an underlying wiring layer.
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It is preferable that the multi-layered 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 stepsof (a)

preparing gas containing 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 secondifilms,

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 metal atomic species of 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 i"

smaller. -

It.is preferable that the metal atomic species of sputter target is one of

tantalum, tungsten, titanium, molybdenum 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 has a thickness inythe range of 60 .

angstroms to 300 angstroms both inclusive. b

There is further provided a method of forming a diffusion-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 being composed of H»

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 gas being kept at a‘
constant, and (b) setting the electric power source to generate power having a s

5 ‘second value greater than the first value at the moment when the first film is
formed by a predetermined thickness, to thereby formla second filmon the first
film.

It is preferable that the first film is composed of amorphous metal
nitride, and thessecond film is composed of crystalline metal containing. nitrogen

therein. i

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 asdiffusion-barrier film to cover the recess or hole therewith »

without exposing to atmosphere, the diffusion-barrier havinga 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. U M

It is preferable that thediffusion-barrier film is formed by sputtering.

It is preferable that the copper is formed in vacuum. .
Itviis preferable that the copper film is formed by thermal chemical

vapor depositionin which thermal dismutation in a complex of organic metal is

utilized.

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

' copper target isused, U ’ \

The advantages obtained by the aforementioned present invention will

be described hereinbelow,

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

10
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copper film makes direct contact with a crystalline metal film containing nitrogen.

therein, ensuring high adhesion therebetween and high crystallinity of a copper

film.

Iniaddition, since the metal film contains nitrogen therein, copper

diffusion into a semiconductor device can be prevented more effectively thana

metal film having pure crystals. “ I

In the diffusion-barrier film in accordance with. the present invention,
an amorphous metal film containing nitrogen therein lies under a crystalline
metal film containing nitrogen therein. Hence, it is possible to’ effectively

prevent copper diffusion, and to ensure high adhesion with 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 is

possible to not only ensure high crystallinity and high adhesion of a copper "wiring T

layer, but also to prevent copper diffusion. if

The method in accordance" with the present invention makes it possible
to successively 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 containing nitrogen therein is

employed. Herein, 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 metal atomic species of sputter target.

Specifically, an electric" 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 amorphous metal nitride film i A

is formed. Immediately after the formation of the amorphous metal nitridenfilm,

the electric power source is set to generate/relatively high powerto thereby form a

film without allowing sufficient time for reaction between nitrogen and target

metal. As a result, there is obtained a crystalline metal film containing nitrogen

11
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therein.

Thus, it is possible to successively form a diffusion-barrier film in the

same chamber, wherein the diffusion-barrier film has a multi-layered structure

including a crystalline metal film containing nitrogen therein and an amorphous

metal nitride film.

The method of fabricating a diffusion-barrier filmi employs RF ‘.

magnetron sputtering in which rotational magnetic field and "RF power 7 are

utilized. Since the method makes it‘ possible to carry out ‘sputtering where a

nitrogen-containing gas has a pressure equal 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 recessorghole iI

formed at a surface of a substrate, with the diffusion-barrier film.

The methodiof fabricating a_ diffusion-barrier film, in accordance. with

the present invention, includes the step, of radiating plasma of argon containing

hydrogenrtherein, to a recess orhole 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, it
surface of a recess or hole formed at a surface‘ of an insulating film’.

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

"therewith without exposing to atmosphere, wherein the diffusion-barrier film has

a multi-layered structureof 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 is formed on thediffusion-H

barrier film in vacuum.‘ V As a result, there is obtained a multi-layered structure

comprised of the diffusion‘-barrier film and the copper wiring film without a metal V

oxide layer being sandwiched therebetween.

The above and other objects and advantageous features of the present A

invention will be made apparent" from the following description made with‘

12. T
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reference to the accompanying 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-sectional view of another conventional copper wiring

structure.

Fig. 3 is a cross-sectional view of still another conventional copper

wiring structure.

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. i

Fig. 4B is a cross-sectional view of a diffusion-barrier film in accordance

with the first embodiment of the present invention, illustrating the second step of

a method of fabricating the same.

Fig. 4C is a cross-sectional view of a diffusion-barrier film in accordance

with the first embodiment of the present invention, illustrating the’ third step of a

method of fabricating the same. I

4D is a cross-sectional view of a diffusion-barrier film in accordance
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 apparatus

used in the first embodiment.

Fig. 6 is a graph showing coverage characteristic of a tantalum film in

high-pressure RF magnetron sputtering.

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

' tantalum film in high-pressure RF magnetron sputtering.

Fig. 9 is a graph showing a relation among a ratio of a nitrogen gas in a I

13.’
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mixture gas introduced into a chamber, RF power, and resistivity of a film formed

by sputtering.

Figs. 10 to 18 are graphs eachshowing film quality and characteristics

of TaN and Ta films in high-pressure RF magnetron sputtering. \
Figs. 19 and 20pare photographs of a film formed by high-pressure RF

magnetron sputtering which photograph is taken by means of a scanning electron
microscopy (SEM). I

Fig. 21 is a crossfsectional view of _a diffusion-barrier film formed by

high-pressure RF magnetron sputtering which barrier-diffusion film comprised

of a crystalline‘Ta film containing nitrogen in solid solution and an ‘amorphous
metal TaN film. I V

_ Fig. 22 is a photograph of a film formed by high-pressure'RF magnetron

sputtering which photograph is taken by means of a scanning electron microscopy
(SEM). '

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

recess therewith.

Fig. 24 illustrates a DC magnetron sputtering apparatus used in the

fourth embodiment. i

Fig. 25 is a cross-sectional view of a diffusion-barrier film covering a

20 recess formed at a surface of an insulating film formed above. a lower wiring layer.
V Fig. 26 is a cross-sectional view of .a diffusion-barrier film covering a

recess formed ata surface of an insulating film formed above lower wiring layers.
Fig. 27 isa plan view of a ‘cluster apparatus used for forming a copper

wiring layer. I i

Fig. 28 is a graph showing a diffusion profile of fluorine into a

diffusion-barrier film.

Fig. 29 is'a graph showing a diffusion profile of copper into a diffusion-V

barrier film. _ <

Fig. 30 is a cross-sectional viewvlof a copper wiring structure in
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accordance with the seventh embodiment.‘

Fig. 31 is a cross-sectionalview of a copper wiring structure in

accordance with the seventh embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

1 Preferred embodiments in accordance with thepresent invention will

be explained hereinbelow with reference to drawings.

A method of fabricating a diffusion-barrierfilm in accordance with the

preferred embodiment is explained hereinbelow with reference to Figs- 4A to 4D.

As illustrated in Fig. 4A, a’ first insulating film 12a is formed on a’

semiconductor substrate 11, and a second 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 bottomiof 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 substrate 11 is transferred in vacuum to a

second chamber, and a film isformed on the semiconductor substrate 11 in a I

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 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 a film without allowing sufficient time for reaction between nitrogen - ~

15

\'F‘
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) .

and the target metal. As a-result, a crystalline metal film 16 containing nitrogen

therein is formed on the amorphous metal nitride film 15,. ' ,z 1

Thus,‘ as illustrated in Fig. 4B, it is- possibleto successivelyiandi

effectively fabricate the diffusion-barrier film 17 having a multi-layered structure,

on both an inner sidewall and abottom of the recesses 13 and the holes 14 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 substrate 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, fillithe_

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 illustrated in Fig. 4D, the diffusion-barrier film 17 andthe

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 diffusion is to introduce nitrogen into the metal film 16. In addition, the

metal film 16 containing nitrogen ensures high adhesion with copper. The

amorphous metal nitride film 15 also has a characteristic of preventing copper

diffusion, and further enhances 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 7

copper film 18 into the second insulating film 12b.

Hereinbelow are explained detailed examples of the above—mentioned

embodiment.

[First Example] '
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/

In the first example, hereinbelow is explained sputtering for fabricating
, \

a multi-layered structure comprised of a crystalline metal film containing

nitrogen therein and an amorphous metal nitride film.

J The‘ sputtering in_the first example is carried out in a RF magnetron

sputtering apparatus illustrated in Fig. 5.

In the illustrated RF magnetron sputtering apparatus, a chamber 21 is

kept to be in vacuum, specifically, to have an internal pressure of about 1 X 10-7 4

Pa to about 1 X 10” Pa bymeans 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, up to about 20 to 300

degrees centigrade. metal 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 controllers 31, and then, introduced intothe chamber 21;

When the argon and nitrogen 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 to about 320 mm. The metal target 28 is fixed to the chambers 21

through a target holder 27, a cathode 23 and insulators 29. In the cathodes 23

are rotatably 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 formed on the semiconductor‘

substrate 22.

A‘ RF 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 impedance matching. The RF electric power source 25 applies

17
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radio frequency (RF) having a frequency of 13.56 MHz to the. metal target‘28

having aldiameter of 300 mm, at O to 10 kW.

Turning the RF electric power source 25 on to thereby introduce 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 into the /semiconductor ‘ ,'

substrate 22, and’ thus, the crystalline metal film 16‘containing nitrogen 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 12b by means of

the above-mentioned RF magnetron sputtering apparatus: The coverage
characteristiciof the tantalum film is shown in Fig. 6.

The hole 14 had a diameter in the rangeiof 0.3 um to 1.5um. The

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

formed. v

As is obvious in.view of -Fig. 6, as a sputtering pressure is increased

from 2 Pa to 17 "Pa, bottom coverage is‘ enhanced. Herein, bottom coverage ‘is.
defined as a ratioof a thickness of the tantalum film at a bottom of the hole 114 to a

thickness of the tantalum film at surface of the second insulating film

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 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; I-11

The first reason is an increase in the number of Ta ions" in- "plasma gas,

as ‘illustrated in Fig. 7.
' :

As a sputteringpressure is increased", tantalum atomics increasingly
I ' V ?
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make collision with excited argon atomics, resulting in that argon atomics areI

facilitated to be ionized. The resultant tantalum ions are attracted to. negative “

self-bias generated at the semiconductor substrate 22. As a result, an incident

angle at which tantalum ionflux 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 sputteringis suppressed, ensuring tantalum.
atomics to reach a bottom of the hole 14 or recess 13. As a result, a tantalum film

36 entirely covers an innerlsidewall 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 constitue-ntsiof 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 semiconductor substrate22 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 144or recess 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-sputteringlare 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.

l . . . . .

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 justa 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 tonenhancement 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. A

In accordance with theexperiments the 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. I A 5 F

' As mentioned so far, it is preferable that a sputtering pressure is set

equal to or greater than 5 Pa in RF magnetron sputtering. A

[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 (N2/(Ar + N2)).

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‘: - I

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

As a ratio of N2 gas in the flow rate ratio N2/(Ar N2) is increased, the

resistivity is once reduced, and thereafter, increased again, regardless the RF

power. However, an increase rate of the N2 gas ratio is dependent on the

power. The resistivity increases at a 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 kWi(8._5 W/cm2) is applied to the tantalum

target having a diameter of 300 mm.

Specifically, 10 to 13 shows XRDepatterns when the N2 gas ratio is

equal to 0%, 1%, 5%, and 7% respectively. Hereinbelow are explained Figs. 10 to

13 in comparison with Fig. 9.
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When the N2 gas ratio is equal to 0%, there is obtained a [3 —Ta ((002)-

oriented crystalline tantalum film which hasresistivity in the range of about 160

to 200 L: Q -cm, as illustrated in Fig. 10.-

When the N2 gas ratio is equal to 1%, there is obtained a crystalline

metal film (herein, a tantalum film) containing nitrogen therein, which includes

[3 -Ta and TaNO.1 in mixture and which has resistivity in the range of about 100
L: Q -cm, as illustrated in Fig. 11.

When the N2 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 L2 —cm.

Whenlthe N2 gas ratio is equal to 7%, a crystalline metal nitride film i

. (Ta3N5)’ is formed, and resistivity is further increased, as illustrated in Fig.-.13.

As mentioned above, when the tantalum target is selected, aicrystalline

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

dependence on both a concentration of nitrogen gas in sputtering gas and RF

power. Conversely speaking, this means that it is "possible i to control

characteristics of a film to be formed by sputtering, by controlling both a

concentration of nitrogen gas. in sputtering gas and RF power. The present

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 N2 composition ratio in sputtering. Accordingly,

it is necessary in practical use to keep both a flow rate of sputtering gas (that is, a

pressure of sputtering gas) and N2 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 RFpower is varied while 1

a N2 gas ratio 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, resistivityiis varied

21»
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when a 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 characteristics observed when RF power is equal to 2 kW, 3 kW’, 6

kW and 8 kW, respectively. - I \ v
Specifically, when RF power is equal to 2 kW, there is obtained

amorphous Ta2N, as illustrated in Fig. 15. By increasing.RF power, there is

obtained crystalline TaN0_1. When RF.power is equal to 8 kW, there is obtained a
crystalline metal film. containing nitrogen therein, which includes a 8 -Ta film

and TaN0_1 in mixture.

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

of films obtained when RF power is set equal to2 kW_ and 8 kW, respectively. V -

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 structure.‘ In contrast, when RF power’ is set equal to 8

kW, as is obvious iniview of XRD illustrated in Fig. 18, there is obtained a

crystalline film including a 88 -Ta film and TaN0_, in mixture, and having a pillar-

like structure.

That is, if Ta2N, 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 17 is formed ona semiconductor substrate 11 where the

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

metal nitride film 15 and a crystalline metal film 16 containing nitrogen therein.

Specificallytthe amorphous metal nitride film 15‘is an amorphous Ta2N film, and A A

the crystalline metallfilm 16 is composed of crystalline 8 -Ta and crystalline

TaN0_, in mixture.

Fig. 22 is a SEM photograph of a cross-section of the diffusion-barrier 7
\ r

22
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film 17 which is formed by changing sputtering power from 2 kW to kW while a
TaN film is being deposited, to thereby successively deposit the crystalline metal

film 16 and the amorphous metal nitride _film 15 each by athickness of about 500 '

angstroms. It is confirmed in Fig. 22 that the amorphous Ta2N film '15-and the
crystalline metal film 16 containing nitrogen therein form a multi-layered
structure. 2

The reason of this phenomenon is considered as follows. .

When‘ sputtering power is set equalpto 2 kW, since a sputtering rate
caused by argon ions is relatively low, there is sufficient time for atantalum

target to be nitrided. by N2 at a surface thereof. Hence, thettantalum target is

nitrided at a surface thereof,-ganld turned into Ta2N.‘ Since the thus produced

Ta2N is sputtered by argon ions, a Ta2N film is deposited. However, when
sputtering power is set equal to 8 kW, the tantalum target is sputtered by argon

ions before a surface of the tantalum target is sufficientlyl nitrided. As a result,
there is obtained a tantalum film slightly containing nitrogen.

By utilizing the above-mentioned phenomenon, it is possibleto form the

diffusion-barrier film 17 havingla multi-layered structure. and covering therewith
the recess 13 or the hole 14 formed at the second insulating film 12b formed onnthe .

semiconductor substrate 11, as illustrated in Fig. 23. I

The lower film or amorphous metal nitride (Taghl) film 15 is required to
have such a thickness that barrier characteristic of preventing copper~'diffusion is I

A ensured and adhesion with the underlying insulating film 12b is also ensured. A"

desired thickness of the amorphous metal nitride (Ta2N) film 15 is intthe range of I

about 80 angstroms to about 150 angstroms.

On the other hand, the crystalline nitrogen-containing metal film 16
‘composed of crystalline 8 -Ta and crystalline TaN0,1 in mixture is" required to

lrave such a thickness that barrier characteristic of preventing copper diffusion is
ensured and adhesion with copper is also ensured. Aidesired thickness of the V

crystalline metal film 16 is in the range of ‘about 60 angstroms to about 300



 

         

           

              

              

             

          

               

                 

          

      

 

          

            

             

             

              

        

                

              

                 

               

                  

               

              

               

 

          

Page 77 of 333

angstroms.

[Third Example]

H The RF. magnetron sputtering having been explained in the first_

example makes it possible to enhance coverage characteristic of a deposited film

for covering a recess or hole therewith, by introducing as gas having a higher I

pressure than usual, specifically, a- pressure equal to or greater than 5 Pa, into- a
chamber. That is, it is possible to form the multi-layeredbarrier film 17 under
desired coverage characteristic by switching RF power with a sputtering pressure

beingkept equal to or "greater than 5 Pa, even when there is carried out dual-

damassin process in whichthe recess 13 and the hole 14 formed’ at a surface of the

second insulating _fi1m 12b formed on the semiconductor substrate 11 are

concurrently filled with the diffusion-barrier film 17.

[Fourth Example] I

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 magnetron sputtering. This ‘process '

may be applied to-DC magnetron sputtering, as illustrated in Fig. 24,_though a N2 1

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 bottomof the

chamber 21 for heating a semiconductor 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 pressure in the chamber 21. is in
the range of about 1 X 10‘7 Pa to about 1$< 1075 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 to enter the chamber 21, and /a

electric power source 41 for applying aDC voltage to both the cathode 23 and the

heater 34. 4

Turning the DC electric power source: 41 on, argon plasma containing , '

24
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nitrogen therein is generated in the chamber 21.

[Fifth Example]

In the first and second examples, there is formed only one via-hole and

wiring. However, it should be noted that the present invention may be applied to
a copper wiring structure including two or more via-holes and wirings. A

In the fifth example, _as illustrated in Fig. 25, a first insulating film 12a

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

formed with via-holes which is filled with a copperwiring 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 second insulating film 12b is formed

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

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 m_ulti-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. . I

Hereinbelow is explained a method of fabricating the multi-layered

structure illustrated in Fig. 26. A I I F V

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

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

11 between the oxide layers 11a.

Aifirst 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-barrie_r 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, and has sufficient coverage to cover recesses

and holes therewith. The diffusion-barrier film 17 may be formed by such ‘high-

pressure RF magnetron sputtering as mentioned in the first example.

Then, the recesses and holes are filled with copper in vacuum. Then, i

the copper film and the diffusion-barrier film 17 are removed by CMP until the-

first insulating film 12a 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,ia second insulating film12b is formed on the first insulating film

12a. The second insulating film 12b isformed 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 4

diffusion-barrierifilm 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 be fabricated a semiconductor device having such a multi-

layered copper ‘wiring structure as illustrated in Fig. 26.

[Sixth Example] 1

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

wiring layer. I

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

26..---;
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chamber 5l at a center. The separation chamber 51 is equipped therein with a '

robot 52 for transferring a semiconductor substrate.

The cluster chamber 51 is comprised further of two lord lock chambers

45, a chamber 46 usedfor heating a semiconductor substrate, an etching chamber

47 used for cleaning recesses and holes, a sputter chamber 448 used for fabricating 4'

a diffusion-barrier film, and a chamber 49 used for forming a copper wiring layer,
arranged aroundithe separation chamber 51.

It is possible to form a copper wiring layer without ‘exposure of a

semiconductor substrate to atmospherethrough 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

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 means of a dry

pump and a turbo pump for about five minutes. As a result,‘ the lord lock

chamber 45 has a vacuum degree of 7 X _10‘3 Pa to 8 X 10’3 Pa.

Then, a gate valvebetween the lord lock chamber 45 and the separation

chamber 51 is made open. The separation chamber 51 is in advance kept in a 1

vacuum degree of about 5 X 10’5 Pa to 1 X 10'5 Pa by means of a dry pump and a

turbo pump. M Hence, the semiconductor substrate is transferred_ into the

separation chamber 52 by the robot 52. without being exposedito atmosphere.
Then, the semiconductor substrate is transferred into the chamber-46

which is in advance kept in a vacuum degree of about 6 X 10'5 Pa by means of a

dry pump and a turbo pump. The semiconductor substrate is heated at abciut 50

to about 200 degrees Centigrade in the chamber'46 to therebyremove 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. iThe

27
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V 11; Fig. 6.

\

etching chamber 47 is kept in a vacuum degree of about 5 X 10*’ Pa by means of a =

cryosorption pump,idry 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 (Hg/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.

Thepliasma-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 characteristic. M
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 4X 10"‘; Pa by means of a

cryosorption pump, dry pump and a turbo pump. The high‘-pressure RF ‘

magnetron sputtering as having been explained in the first example is carried out

in the sputter chamber 48. V i i

In the sputter chamber 48_, a crystalline nitrogen-containing metal film

(a film composed of crystalline [3 —Ta and crystalline TaN0_1 in mixture) and an

amorphous metal nitride film (a Taz;N film) are deposited on the semiconductor

substrate by the method having been explained in the first and second examples,

wherein RF power is inistantaneously switched. T In this example, a gas; pressure
is kept at 10 Pa, a substrate temperature is kept .at 200 degrees centigrade, a N2
gas ratio is kept at 2%, and RF power is iswitched from 2 kW to 8 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 '
\

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. _Since the

28
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9

semiconductor substrate is transferred in vacuum, the crystalline nitrogen-

containingmetal 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 (CVD) such that the recess and hole is filled .

with copper, as follows.

The semiconductorsubstrate 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 introduced into a

carburetor at 1, to 2 grams per minute through a liquid transfersystem. The

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

The gas introduced into the chamber 49 makes chemicalreaction on the‘

semiconductor substrate,‘ and is turned into copper, and then, deposited on the1

semiconductor substrate. Herein, copper is deposited by such a thickness that a.

recess and/or hole is sufficiently filled with copper, for instance, a thickness inthe A

range of about 80040 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 weremeasured by SIMS

(secondary ion mass spectroscopy).

V iIn a B - Ta film obtained by sputtering carried out in argon
atmosphere, since fluorine segregates .at an interface between copper and

tantalum, the B i-Ta film would have poor adhesion. With respect to a Ta,N
film, though fluorine is diffused into the’Ta2N film, copper isscarcely diffused
the Ta,N film. As a result, atomics are coupled with each other with a poorforce,

29,
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and hence, the Ta2N film would have poor adhesion. In contrast, with respect to

a TaN0_,' film, since copper and fluorine are allowed to be diffused into the TaN0!1 I

film, atomics are coupled with each other with a strong force, and as a result, -the

TaN0_, film would high adhesion.

Thus, it is understood that ifcopper is deposited by CVD, the diffusi_o~n-'

barrier film having a multi-layered structure comprised of a crystalline TaN0_i1

and an amorphous Ta2N film V 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 semiconductor substrate without the semiconductor substrate being

_ exposed to atmosphere. Accordingly, the diffusion-barrier filmf-is -kept clean at a

surface,-and hence, film quality of alcopper film formed ‘byiCVD is likely to be
reflected to a crystalline structure of a tantalumufilm of the diffusion-barrier film.

Thus, it is possible to enhance crystal orientation of copper and adhesion between

copper and a diffusion-barrier film.

[Seventh Example]

The seventh example relates to the cluster chamber 50 illustrated in

Fig. 27. In the seventh example, the sputterchamber 48 is positioned in 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 TaN0_1 film containing crystalline 8 -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 oiutgof the
' cluster chamber 50 illustrated in Fig. 27. The semiconductor substrate has such

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

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

30,"\ R
. -'7-\
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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

A such that the recesses and holes are filled with the second copperfilm 54. As a T —

result, as illustrated 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 formed by‘ plating. Thereafter, as

illustrated in ‘Fig. 4D, for instance, the second copper film 54, the copper film 53

and the diffusion-barrier film 17 are removed by Cl\/IP. Thus, there is obtained a

copper wiring structure.

While the present invention has been described in connection with the -

preferred embodiments, the present invention provides the following advantages.

The first advantage is that it is possible to have a diffusion-barrier film

having sufficient barrier characteristic of preventing copper diffusion and high

adhesion 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 characteristic of preventing copper diffusion

and a crystalline nitrogen-containing metal film having high adhesion with

copper.

The second advantage is that it is possible torsuccessively fabricate 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 is because that 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, being kept constant. ‘In. accordance with

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

nitrogen therein.’ 5
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 an apparatus of
transferring a semiconductor substrate in vacuum. As a result, reliability in a

copper Wiring layer can be enhanced. I
While. the present invention has been described in connection with

certain preferred embodiments, it is to be understood that the subject matter

encompassed by vvay of the present invention is not to be limited to those specific

embodiments. On the contrary, it is intended for the subject -matter of the

invention to include all alternatives, modifications and equivalents as can be

included within the spirit and scope of the ‘following claims.

The entire disclosure of Japanese Patent Application No. 11-214110

filed on June 24, 1999 including specificationpclaims, drawings and summary is

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

71 1. A barrier film preventing diff ion of copper from a copper wiring layer
formed on a semiconductor substr e, comprising a multi-layered structure of first '

5 and second films,

said first film Vbei composed of crystalline metal containing nitrogen

therein,

said second in being composed of amorphous metal nitride,

' r film being constituted of common metal atomic species.

2. The ' ilm as set forth in claim 1, wherein said first film is formed on

said second f

L

,3’. The barrier film as set forth in claim 1, wherein said second filmihas a

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

3

/K The barrier film as set forth in claim 1, wherein said first film has a

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

0 M 5. A multi-layered wiring structure c
diffusion of copper from a copper iiring layer formed on a semiconductor

substrate,

said barrier film having. a ulti-layered structure of first and second ‘films,i’ ‘

said first film being omposed of crystalline metal containing nitrogen

25 therein,

said second film ein_g composed of amorphous metal nitride,

said barrier f being constituted of common metal atomic species.

6. The multi-layered wirfig/st ucture as set forth in claim 5, wherein_said
33

_..\l .\I
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first film is fort?/n said second film.
V

/7.’The multi-layered wiring structure as set~forth in claim 5, wherein said V

second film has a thickness in ‘the range of 80 angstroms to 150 angstroms both i‘

inclusive.

X 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. V

,9.’ The multi-layered wiring structure as set forth in claim 5, wherein said

barrier film covers a recess andia hole formed throughout an insulating ‘film

formed on an underlying wiring layer.

4

10’. The multi-layered wiring structure as set forth in claim 5, further

comprising a copper film formed on said first film. »

11. A method of forming a diffusion-barrier m by sputtering, comprising

the steps of:

(a) preparing gas containing nitrogen t erein; and

(b) varying only power of .an electr’ power source for generating plasma to

thereby successively form a diffulon-barrier film ‘having a multi-layeredi

structure of first and second , said first film being composed of crystalline

metal containing nitrogen t : .. d second film being composedpof amorphous

metal nitride, said barrier in being constituted of metal, atomic species of I

sputter target.

12'. The meth o as set forth in claim 11, wherein said gas containing nitrogen1

therein has a p r ssure equal to orgreater than 5 Pa.

34
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13. The method as set forth in claim ll, wherein said gas gntains nitrogen

at 10 volume % or smaller.

14. The method as set forth in claim 11, wherein sai metal atomic species of ii

sputter target is one of tantalum, tungsten, titanium, uolybdenum and niobium
\

alone or in combination. ._ \

15. The method as set forth in claim _11 wherein said second film has a ’

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

. making use of rotational magne c field and RF power, comprising the steps of:

(a) preparing gas containng nitrogen therein; and

(b) varying said RF p er to thereby successively form a diffusion-barrier

film. having a multi-layerd structure of first and second films, said first film

being composed of cryust line metal containing nitrogen therein, said‘ second film

being -composed of am hous metal nitride, said barrier film being constituted of

metal atomic species f sputter target.

18. The met od as set forth in claim 17, wherein said gas containing nitrogen

therein has a p essure equalto or greater than 5 Pa.

19. Th method as set forthin claim 17, wherein said gas,contains nitrogen

. e % or smaller.
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20. The method as set forth in ‘claim 17, wherein said metal . omic species of

sputter target is one of tantalum, tungsten.-, titanium, molybd um and niobium _l
alone or incombination.

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

thickness in the range of 80 angstroms ‘to’ 150 angstr u s both inclusive. ’ V

22. The method as set forth in claim 17 wherein said first film has a

1 thickness in the range of 60 angstroms to 300 1, ngstroms both inclusive.

t 23. A method of forming a diffusion-b 2 rrier film by RF magnetron sputtering, -

comprising the steps of:

(a) setting an electric powe ce for generation plasma to generate power

having a first value, to there 1rst.fil, with a concentration of nitrogen in

plasma gas being kept at a cot .

(b) setting said electric ower source to generate power having a second

value greater than said first alue at the moment when said first film is formed by

a predetermined thickness to thereby form a second film on said first film.

24. The method a set forth claim 23, wherein said first film is composed of in

amorphous metal. ni ide, and said second film is composed of cry\‘sta‘llinei'metal _ ‘ V

containing nitroge therein.

25. The mthod as set forth in claim 23, wherein said plasma ‘gas contains A
nitrogen gas . a pressure equal to or greater than 5 Pa.

. pe method as set forth in claim 23, wherein said plasma gas contains

nitroge gas at 10 volume % ‘or smaller.
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27. The method as set forth in claim 23, wherein metal fiaéimic species of
sputter target is one of tantalum, tungsten, titanium, molybenum and niobium

alone or in combination.

28. The method as set forth in claim 23, whrein _said ‘first film has a‘

thickness in the range of 80 angstroms to 150 angst om"s 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 wi ng film, comprising the steps of:

(a) radiating plasma of argon co n :- ~ ing hydrogen therein, to a recess or hole

formed at an insulating film for -r ed 0 v. a semiconductor substrate;

(b) forming a diffusion- arrier film to cover said recess or hole therewith

without exposing to atmophere, said di sion-barrier film having a multi-

layered structure of first and sco 2 films, said first film being composed of

crystalline metal containingni ogen therein, said second film being composed of

amorphous metal nitride; and

(c) forming a copper fi . n 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 meth d as set forth in claim 30, wherein said copper film is formed in
vacuum.

33. The_'ethod as set--forth in claim 32,3 wherein said copper film is formed

by thermal o. iemical vapor deposition in which thermal dismutation in a complex

37
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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 us a.

35. The method as set ' ' im 30, whereinsaid first film has a M

thickness in the range of 60 a v gst 2 u to 300 angstroms both inclusive.

36._ The method s set forth in claim 30, wherein said‘ second film has a

10 thickness in the r a ge of 80 angstroms t_o 150 angstroms both inclusive,‘
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ABSTRACT oF THE DISCLOSURE

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

copper wiring layer formed on a semiconductor substrate. 'The_barrier film has a
multi-layered structure of first and second films wherein the first film is composed '

of crystallinemetal containing nitrogen therein, and the second film is composed ' r

of amorphous metal nitride. The barrier film is constituted of. common inetale

atomicspecies. The barrier filmlprevents copper diffusio_n from a copper wiring

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

both a copper film and an interlayer insulating film.
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FIG. 22
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Express Mail LabelVNo._ . . ‘_ - - T A _ S.) ' V. . _ _ Pageitof

T Declaration and Power of Attorney For Patefnt Applic‘_ation.a . g

i t English Language Declaration ' i

As a_ below named inventor. |'he_re:byAdeclare thati _‘

Myres_idence, pest office address and citizenship’ areas stated below next to my. name,

.I believe I am the original," first and sole inventor (if only one name is listed below) or an original,'_ S
first and’ joint inventor (if pluralnames are listed below) of thesubject matter which is claimed and for
which a patent issought on theinvention entitled ' ‘ ' ' -

MULTI-LAYERED WIRING LAYER METHOD QF FABRICATING SAME

"the specification‘ oiwhicn '_

M (check one)_

_ I E is attached hereto.
cifiwas filed on) ’ 1 - f" , e_ — as united States Application No.'or PCT International" -'

It Application Number t“ "'1 A ’ T t

and was amended ‘on

_ (if applicable)

(I hereby state that_l haveireviewed and ‘understandfthle-(contents of the above‘ Identified ‘specification, —
. including the claims", as amended _by any amendment referred to‘ above. '

' ltacknowledgle the duty to disclose .to th'e'tUnited_States _Patent and Trademark Office all information’.
known to me-to (be material to lypater_itaVbility'as defined ir_1.Title 37, Code of Federal Flegu|ation_s,l
Section V1 .56.

. I hereby claim foreign -priority. benefitsiunder ‘Title"35, United States Code,‘ Section 119(a)-‘(d) "ore
‘ -Section 365(b) of any foreign 'application(s) for patent or in\_/'entor's"certitica_te, or Section 365(a) of

"any PCT lnternatio_ri'aI' application which designated at least one country other Sthanhthe United States,
. listed below and have also identified below, by checking the box, any foreign application for: patent__cr

-inventor's certificate or PCT ‘international application having a filing date before that of the application
T on which priority is claimed. ' V _ .

Prior Foreign AppIication(s)= t I’ e" A V . " Priority Not Claimed V.

.1'1.—2141_1o . T -Jagg ' _- 24[6[i§99 A "H [fa -'
' (Number) .‘ (Country) T _’ A ( (Da'y/Month/Year Filed) .

(Number) » _ , ’ (Country) - __ 1 (Day/Month/Year Filed) __

(Number) ' V (Country) T ’_ T (Day/Month/Year Filed)

I Form PTO-SB-01(9-B5)(Modllle_d) ‘T -T I , _ I . V_ -Po2IfiEVO_2- V _ 'Paienianumdemiirkomcia-u.s,oer5AnriviENToi=coMi\1snci: 7
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/(1 - 2_l‘+'ol_io'
i . ‘£_‘£*‘i A 1?-l‘i.f?-Z

Page 2 of ‘

ihereby claim the benetit under 35 U.S.C. 'S_ectioni:119(e) of any United States ‘provisional’
application(s)iiste'd below: ’ i . . 1 . '

(Application SerlelNo;) I ‘ ’ (Filing Date) “ f

(Application Serial NO‘.)’ ' -- 1 (Filing pale;

(Appilcatlonuserlalihioi)‘ ' ‘ (Filing Date)? _

ll herebyflciaim the benefit under:_35‘.U..'S, Sectlonj12_0_ -of any United States application(s), or -
Section 365(c) of any PCT. international _appllcat'ion designat_ing the,United_St_ates, .listed below and, A, '
insofarlas the sub]ect'f'matte'r' oi.‘each of the claims .of?this application" is not ‘disclosed’ in the prior . “
United States or- P:CT.lnter'r'iational application‘ in_the_manner provided _by the first-Xpara_gr_aph of 35
U.'S.C. Section 112, I_ acknowledge the duty to disclose_lto"th,e United States Patent and Trademark;
Office all information known to ‘me to be material to_ patentability as defined in Title 37, C._F. HQ,

‘ Section 1.56‘ which ibecameavaiiaible between the_ filingdate of theprlor application and :_th___e national
or PCT international filing dateof this"app'lication: ' 4' - ' ' ’

(Alppilcation Serial N5.) -1 1 V ‘- __ (Filing Date)" ’ »_ 1 ' __ ' (Status) 1
_- - V - « " j» - . (patented,pending.abandon_ed)

(Status) '. 4.(Application Serla|No.)» _' - (Filing Date)" » , _
“ ' +'j ' ; S » ' . A _(Patented,pending,abandoned)»’ .

(Application SerialNo.)-7 _» (FilingiDatei)' ’ _ » f '1 (Status) - _ .
1. _ 1. f .. - _ (patented, pending, abandoned). 1

_ ' ‘I hereby d’ec|‘ere that all statements made herein of my own"'k‘r_ioVwledge "are ‘true "and that all 1 .
I statements made ‘on lniorrnation and belief are believvedto betrue; and further that these statements

' were made with the knowledge that willfulfaise statements and the like so, rnade; are punishableby .
.ffinej or imprisonment, or both, under Section 1001 of .Titie 18 of the United States. Code and that such 1
willful false statements rr_ia'y jeopardize the validity of the application or any patent issued the'.reon«.l

'FormPTCi-‘SB-01(6-96)iModiilad) - 3 -_i _i 1 i '1 . b V in paianind Tradernarix Oflice-U.S.VDEPAFITM‘ENT oi: COMMERCE
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. PQWEROF 4A’TTO_RNEVY:'-As .a. n_a_med inventor._l hereby appoint the following" atterney/.‘(e) and/or:
agent(s) to prosecute’ this [application and transact all business i_n the Patent and Trademark Office '
connected therewith. . (llstnanva and registration number) _ . 1
Stephen D. Murphy, Reg.vNo.:' 22,002 ’ ‘- . P1_a_uI'J._Esatt0, Reg. No.: 30,749

‘4Wllliam C. Roch, Reg_;_.N0.i 24,972 - "V '1 ._ ‘» v:Ma_‘rk-J. CohVen,V ti_eg..No.: 32,211

’.'Frank s.D1G1g11o,Reg.'N§.:‘31I,346: - .5'Dc1:n_111'1'_i'_'.T.AV_BlaVck;Reg.No.:Vd27,999

Send Corresptondencelthoid P'““'-“t’."E““‘°’ '1" v . . . .
V '. 1' - Seully,Sc0tt,;Murphy&Presser

. 400 Garden City Plaza ' . __

‘ "Garde_11'Clty, New York" 11530 '

Direct Te'lephone.Ca_l|s‘to;‘ '(n.én1e and telephone number) ‘ '
Paul‘). Esatto, J1‘. (516) 742-4343

I Full name ef sole or flrstlnventor »~ 4'
. 2 MASAYOSHI TAGAMI

-Sole or tlr_st |nventdr's signature’ ' ’ V

Residence '

u

. Fdll name ot second lnvehtot. If any! I I .
‘ YOSHIH-‘R0 HAYASHI

Second Int/entor‘s signature ' Date
June. 9 » 2000.

FtesIde_nce_'

Cltlzenshlp

P'ostOtf|ce Address I ' ' j , _v . ‘ _’ ’ -' v _ _. _ .
c/o_1\_lEC_Corp"oration, 7-1, Shiba, ,5'—chom'e Minato—ku Tok o‘ Ja

' form PTO-S_B-01 (5-95) (Modified)
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Application Assignment Record

According to the application transmittal letter, an assignment recording ownership was filed

with this application; however, a copy of this record was not located in the original file history

record obtained from the United States Patent and Trademark Office. 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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I

App1icant:9 Masayoshi Tagami, et a1. . -Examiner:

Serial No. Unassigned ‘ " Art Unit:

Filed: Herewith_ Docket:

For: MULTI-LAYERED WIRING LAYER , Dated: June 19, 2060-
AND METHOD or FABRICATING THE SAME ‘ A

Assistant Commissioner for Patents

Washington, D.C. 20231

INFORMATION DISCLOSURE STATEMENT

In accordance with 37 C.F.R. §§ 1.97 and 1.99, it is

requested that the following references, which are also listed on

the attached Form_PTO-l449, be made of record in the above-

-identified case.

1. Semiconductor World, Nobuyoshi Awaya, February 1998,
pp: 91-96; '

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, pp.7ll-716;

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: EE692l8l5l5US
Date of Deposit: June 19, 2000

I hereby certify that this cm-respondence is being deposited
4' "Express Mail Post Office

§l.lO on the date indicated-

' ' ’"r of Patents (,
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J

D. Denning, et al., "An Inlaid CVD Cu Based lntegration
for sub 0.25pm Technology, 1998 Symposium on VLSI 3
Technology Digest of Technical Papers, 1998; pp. 22-23;

Japanese Unexamined Patent Publication No. 8—l39092,
. dated May 31, 1996;‘ ’ ‘ -

.Japanese_Unexamined Patent Publication No. 8—274098,'
adated-October 18; l996;

Japanese Unexamined Patent Publication No. 9—64044,
dated March 7, l997;_ '

Japanese Unexamined Patent Publication No. l0-256256;
dated September 25, 1998.

Applicants are submitting copies of the above-cited

references. The relevance of the references has been described

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.97Xb), no petition, certification or fee is required.p:

Respectfully'submitted;

///W
Paul J. Esatto} Jr,iA. .
Registration No} 30,749

Scully, Scott, Murphy_&.Presser

400 Garden City Plaza. P ‘
Garden City, New York 11530
(516) 742-4343 -

PJE/am

G: \NEC\1210\1371S\amend\1371.5;. idl
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II
II
II
II
II
II
II
II
II
II
II

MIIIII

I-7.

ATTY DOCKET NO. SERIAL NO. oq _ ...-
nm IEQR~

_|NFORMAT|ON DISCLOSURE CITATION I APPL|CANT(S)
(Use several Sheets hfnecessary) ' Ma-S‘a)_’0Shi Tagami, Ct 3]-

FILING DATE 0;, M 00 GROUP 23

u.s. PATENT DOCUMENTS ’ I

‘EXAMINER
INITIAL

FILING DATE

IF APPROPRIATE‘
DOCUMENT NUMBER cmss suacmss

IRIIIIIIIIIIIlilllllllllIIIIIIIIIIII|||||i‘|||||IIIIIIIIIIII IIIIIIII|‘!II IIIIIIIIIIII
FOREIGN PATENT DOCUMENTS

DOCUMENT NUMBER .
E1

IIHIII
/

/

IIHIHI

8-139092

,8-T274098

9—'64oZc4

1i
HIIIII

omen bocuMEN'rs - (Including Author, Title, Date, Pertinent Pages, Etc.)

Semiconductor World Nobuyoshi Awaya, February 1998, pp.91-96

' - s - n T-"ayer for Cu nterconnects ', - eta nation _an
r'ULSIApplications in 1997, 1998, pp.711—7l6

,.

DATECONSIDERED ‘
04 hi /8'1

‘EXAMINER: Initial if reference considered, Whether or n citation is in conformance with MPEP 609; Draw line through cita on if not in conformance and not '
considered. Include copy of this form with next comrngp cation to applicant.

- Form pTo_A32o I ‘ ' ‘ ‘ I ECIREVO3 I Patent and Trademark Office ' U.S. DEARTMENT OE COMMERCE
. (also form PTO-1449) . PAGE " 1 OF '- 2

SUBCLASS TRANSLATION
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AT DOCKET NO. SERIAL NO. ' oa g~gg,.--»;;,g/5“_,
, .. c ‘- 13715 . -$ebe9ssi§nedT\

INFORMATION DISCLOSURE CITATION ‘ APPLICANT(S) V '

(Use several sheets ifnecessary) pi Ma533'°5hi Tagami, et 31-
FILING DATE 06 :4 00 GROUP ‘

u.s. PATENT DOCUMENTS

cLAss .

-
-
L
'1
—
_

SUBCLASS V TRANSLATION
@-

omen nocumemsv (Including Author, Title, Date, Pertinent Pages, Etc.)

1 MT. Wang, et al. "Barrier Pro erties of Veriy Thin Ta and TaN Layers Against Copper Diffusion", JournalElectrochemical S’ociety, July 1 98, pp.2538- 545 p

t ennmg, et a ., - A T " ration or Su .2p.m
Technology Digest of Technical Papers, 1998, pp. 2-23/’

‘EXAMINER: Initial if reference considered, whether g or citation is in conformance with MPEP 609; Draw line thro_ugh'cita ion if not in conformance and not
considered. _lnc|ude copy of this form with next comrnunication to applicant.

Form p1-_A32o ‘ I ' I T V 09c/Revoo ' PatentndTrademar|_t omce ' us. DEPARTMENT or COMMERCE

(also form PTO-1449) I ‘ ’ PAGE‘ of 2
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II
II
II
III
II
II
II

ATTY DOCKET NO. ' “ — SERIAL N04 06; gag, '44 g
. p 13715 ' : ;' :"= - u

INFORMATION DISCLOSURE CITATION APPLlCANT(S)
. (Use several sheets ifnecessery) I Masayoshi.Tagami, et al.

FILING DATE 09 IL) 00
~HeI=ew-it~h-

U.S. PATENT DOCUMENTS

FILING DATE 4
IF APPROPRIATE

‘EXAMINER
INITIAL

DOCUMENT NUMBER CLASS SUBCLASS

iiiiiiIIIIIIIII

‘III‘IIIIIIIIIIIIIIIIIIIIIQIIIIIIIIIIIIIllllllilIllllllllIIIIIIIII
FOREIGN PATENT DOCUMENTS

TRANSLATION
YES

DOCUMENT NUMBER DATE COUNTRY CLASS SUBCLASS

8-139092 5/31/96 Japan

8-274098 10/18/96 Japan p

9-64044 3/7/97 Japan

9/25/98 Japzin ‘ IIIIIII lllllIlII«H
OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc.)

Semiconductor World Nobuyoshi Awaya, February 1998, ~pp.9l-96

' ' ' - ' n lerayerf for u nterconnects ', Avance eta lization and

‘thy ULSIAppIications in 1997, 1998, pp.711-716 »_Z' '

EXAMINER ' . K‘ 0 ' DATECONSIDERE ' I ‘
OCIIII I51 ‘

‘EXAMINER: lnitiai if reference considered, whether or not citation is In conformance with MPEP 609; Draw line through citation if_ not in conformance and not
considered. Include copy of thls form with next communication to applicant. ‘

F,-m p1-o_Ag2o I I I I POQCIREVOB I Patent and Trademark Offlce - uls. DEPARTMENT or commence
(also form PTO-1449) PAGE 1 OF 2
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. . ' ATTY DOCKET NO. 5 SERIAL NO. ‘I ' ._ - - 13715 _I

INFORMATION DISCLOSURE CITATION ' APPLICANT(S)
(Use,severaI sheets ifnecessary) ' Masayoshi Tagami, et al.

FILING DATE 06 (4 00_ GROUP
—Hcrewith—

U.S. PATENT DOCUMENTS

‘EXAMINERI DOCUMENT NUMBER DATE SUBCI-Ass HUNG DATE .""”“‘L . . IF APPROPRIATE

CI—-—1‘:4"d
I:I—-—-T41

VI

iiiIIIIII‘!I
“E-

-3-:
g——-
-:3
-S-2
-—_l
-—j-

FOREIGN PATENT DOCUMENTS

fill III III llI
TRANSLATIONSUBCLASS

' YES

OTHER DOCUMENTS (Including Author, 'I'iI‘le, Date, Pertinent Pages, Etc.)

A M.T. Wang, et al. "Barrier Progaerties of Ve Thin Ta and TIIN Layers Against Copper Diffusion", JournalElectrochemical §ociety, July 1 98, pp.2538- 545 _

échnolo 98 SymposIum on VLSI A

DATE CONSIDERED

- ‘EXAMINER: Inltiai if reference considered, whether or not citation Is in conformance with MPEP 609; Draw line through citation if not In conformance and not
considered. Include copy of this form with next communication to applicant." ‘- . T

Fem P1-o_A32o . Posc/Revoa Patent and Trademarkofflce - u.s. DEPARTMENT OFCOMMERCE
(alsofonn PTO-1449) ‘ . , PAGE 2‘ OF 2 ‘
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i.

I"! ‘ I . . ' V - 2‘. V if V
CERTIFICATE OF Is'1"".'EXPRESS MAIL" (37 CFR 1.1.0) ’ D°°ket N0-
App|icant(s): M Masayoshi Tagaini, et a1." « . I - 13715 -

A Serial No. ' Examiner I Group Art Unit

To be assigned Unassigned Unassigned

Invention:

I hereby certify that this  li' io .
- (Identr_'f_'y type ofcorrespondence)

is being deposited with. the United StatesP.osta| Service "Express Mail Post Office‘ to Addressee" service under '

June 19, 2000
(Date) ‘ A I

_ _ ' V MIS I

» re afPersan Mailing Corrnde ce)
. ("Express Mail" Mailing Label Nuber)

Note: Each paper must have its own certificate of mailing.

Copyright 1995 egalsoft _ P06AlREV02
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CERTIFICATE OF MAIiQING’BY "EXPRESS MAIL" (37 CFR _1.10)
AppIicant(s): Masayoshi Tagami, et al. V A

Serial" No. ' ' ' Examiner Group An Unit
_ To be assigned ' . Unassigned Unassigned0 - ' .. ' = - O1

' Invention:

.\.

I hereby-certify that this n A lid “ i n
. , (ldendfji type afcarrespandence) ;

is beingvdeposited withithe United States Postal Service “Express Mail Postoffice to Addressee" service under

37 CFR 1.10 in an envelope addressed to: The Assistant_Commissioner for Patents, Washington, D.C. 20231

June 19, 2000
(Dare)

EE692181515US

. ("Express Mail" Mailing Label Number)

Note: Each paper must have its own certificate of inailing.

Copyrignt199§ Legalsoft ' - ' . Q» ‘ P06/UREV02
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:#a . 4 @2143-
. qg

q3&b
9 g.n.4..

_ PATENTS

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE’

Applicant: Masayoshi Tagami, et a1.‘ Docket} 13715

Serial No.: To be assigneda H’ Dated: lJune 19, 2000

Filed: Herewith' I V

"For: MULTI—LAYERED WIRING LAYER AND
METHOD OF FABRICATING THE SAME

&

Assistant Commissioner for Patents
Washington, DC 20231 '

CLAIM OF PRIORITY

Sir:

Applicants in the above—identified application hereby
claim the right of priority in connection with Title 35 U.S.C.

\§ 119 and in support thereof, herewith submit_a'certified'copy_of

Japanese'Batent Application l1—2l4ll0 filed on June 24, 1999.

Respectfully snbmitted,'I

’ Padl gfl€é:atto, Jr.
Registration No; 30,749"

Scully, Scott, Morphy & Presser
400 Garden City Plaza ‘
Garden City, NY 11530
(516) 742-4343

PJE/and

CERTIFICATE OF MAILING BY "EXPRESS MAIL"

"Express Mail" Mailing Label Number: EE692l8l5l5US
Date of Deposit: June 19, 2000' ‘ -1 * ' V

. I hereby certify that this “orrespondence is being_

deposited with the United States Postv ~
Office to Addressee" servic-

indicated above and is addressed to t.eflJ
Patents and Trademarks; Wasnington, D.C1

Dated: June 19, 2060
x

G:\NEC\12l0\13715\misc\l3715.claim“
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.UNlTED STATES--r0'EPARTMENT OF comma ACE
United States Patent and Trademark Office‘

Address: COMMISSIONER OF PATENTSAND TRADEMARKS
Washington, D.C. 20231 ‘ ‘

APPLICATION NO. FILING DATE ' ' FIRST NAMED ITNVENTOFI ATTORNEY DOCKET NO. p I

:2:-sea I'.'_I!:‘:-/1':”H‘I'_'UIII f'r-msar2.MI’ ' _ rri‘ A 1.1.
\ 1 , .

[— _ . —]_ VEXAMIINER <
' Mivl-221/‘:3’:-;‘.::u5:\ A . _

F“!-‘:|._||.,. ._'r r£s1—\'r‘1“n::u ~..TF< ~ A A U H 1 —

r:;I..u_..I._v s:sr:u'TT M|...|l—”\'F‘HY r~=-ran:-isasscrzfi‘ W A ART‘ UNIT

2a.m=e1::»:=.~f.:x1 u::-:t'rv.d:==_'t_¢m—*. _ V ..
ntzemwcr.-razzxa »::ITv NY 1.15.a::an::r f ‘ T .:r_-:=a:11

‘ ‘ . ' DATE MAILED: ,
‘ U$/U$!U1

»

Please find below and/or attacI_1ed- an uofficecomlrnunicationu concerning this apclication or
V proceeding. ' - ’ ‘ ' ‘ ‘ A

Commissioner of Patents and Trademarks ‘

PTO-90C (Fiev.11/00)
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l

’ US Patent and Trademark Office

Application No. Applicantjs)

09/596,415 ' TAGAMI ET AL.

Office Action Summary

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXP_|RE 1 MONTH(S) EROM
THE MAILING DATE OF THIS _COMMUN|CAT|ON.
- Extensions of time may be available underthe provisions of 37 CFR 1.136 (a). in no event, however. may a reply be timely filed

after SIX (6) MONTHS trom the mailing date of this communication. - .
- If the period for reply specified above is less than thirty (30) days, a reply within the statutory 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 oi this 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 Oifice 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). . 4
Status

08

2a)(:I

3)l:l

Responsive to communication(s) filed on 19 June ZOOO.

This action is FINAL. 2b)® This action isynon-final.

Since this application is in condition for allowance except for formal matters, 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 , A

4)E..CIaim(s) 13_6‘ is/are pending in the application.
4 4a) Of the above claim(s) __ is/are withdrawn from consideration.

5)l:l Claim(s)j is/are allowed.

6)[:| Claim(s) __ is/are rejected.

7)l:l VClaim(s) __ _

8)EI Claims 1_-§§ are subject to restriction and/or election requirement.

is/are objected to.

Application Papers A

9)l:] The specification is objected to by the Examiner.

ml] The drawin_g(s) riled on A

11)l:] The proposed drawing correction filed on

C is/are objected to by the Examiner. ,

____is:- a)l:] approved b)l:] disapproved. -

12)l:] The oath or declaration is objected to by the Examiner. - ‘ ' ‘

Priority ‘under’35 U.S.C. § 119 . .

1i3)Cl Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)l:] All b)|:l Some * c)[:I . None of: V _ j _

1.1:] Certified copies of the priority documents have beenreceived. _
21] Certified copies of the priority documents have been received in Application No. __

3.l:l Copies of the certified copies ofnthe priority documents have been received in this National Stage
application from the International Bureau.(PCT Rule 1_7.2(a))._ "

* See the attached detailed Office action for a list of the certified copies not received. V

14)D Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e).

Attachment(s)

18) [:1 Interview Summary (PTO-413) Paper No(s).; .
19) El Notice of informal Patent Application (PTO—152)

15) E] Notice of References Cited (PTO-892)

16) E] Notice of Draftsperson's Patent Drawing Review (PTO-948)

Examiner , ~ ' Art Unit‘ ..

Hung K. Vll ’ . 2811 ' '

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

PTO-326 (Rev. 01-01) Office Action Summary ' Part of Paper No. 4 '
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ApplicationlControl Number: 09/5 96,415

Art Unit: 2811

DETAILED ACTION '

Election/Restrictions

Restriction to one of the following inventions is required under 35 U.S.C. 121:
_ , _ - f ‘J

1. Claims 1-10, drawn to a semiconductor device, classified in class 257, subclass;

758.

Claims 11-36, drawn to amethod‘ of making a semiconductor device, classified in

class 438, subclass 2214-I. 1

The inventions are distinct, each from the other because _of the following reasons:

Inventions II and I are related ‘as process of making and product made. _ The inventions '

are distinct if either or both of the following can be shown:;(1) that the process .as'elairned can be ‘

used to make other and materially di.fferent product or (2) that the product as claimed can be ‘

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

unpatentability of the Giroupl inventionwould not necessarily imply unpatentability of the

Group II invention, sincethe. device of the Group I invention could be made by processes

materially different from those _of the Group II invention, for example, forming a diffiision

barrier film by CVD method or PVD method instead of sputtering method.

1 Because these inventions are distinct for the reasons given above and ihavedacquired a
separate status in the art as shown by their different classification, restriction for examination

purposes asindicated is proper.
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Application/ControlNumber:09/596,4151 3' A ~ Page3
ArtUnit: 2811 ‘ ‘ '

Applicant is advised that the reply to this requirement to be complete must include an

election of the invention to be examined even thoughthe requirement be traversed (37 CFR

1.143).

Applicant is reminded that upon the cancellation of claims to a non-elected invention, the

inventorship must be amended in compliance with .37 CFR 1.48(b) ifione or more oi the I

currently named inventors is no longer an inventor ofat least one claim remaining in the

application. Any amendment of inventorship must be accompanied by a petition'under"37

CFR 1-.48(b)i and by the fee required under 37 CFR'1.17(i). A I
Any inquiry concerning this communication or earlier communications from the i . ,

examiner should be directed topHung K. Vu whose telephone number is (703) 308-4079. The ’. A

examiner can normally be reachedton Mon-Thurs 7:00-5:30, Eastern ‘Time.

. b If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Tom Thomas can be reached on (703) 308-2772. The fax phone numbers for the

organization where this application or proceeding is assigned‘ are (703) 308-7722 iéor regular

. communications and (703) 308-7722 for Afier Final communications.

Any inquiry of a general nature or relating to the status of this application or proceeding

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

‘Vu

. A - ‘St Ll<
MW 26,2001 . _ _ i ' Pnmsiz/egxaomigrier

7 we
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@€>1§8l/
TRANSMITTAL LETTER’ " A ' 1 Docket No.
(General -‘ Patent Pending) V 13715

Masayoshi Tagami, et at.

serial No. Filing Date V A Examiner A ‘Group Art Unit I’
09/596,415 June 19, 2000‘ Hung K. Vu 2811

' ‘B. -A Title: MULTI-LAYERED WIRING LAYER AND METHOD 01? FABRICATING THESAME

TO THE ASSISTANT COMMISSIONER FOR l°ATENTS:

Transmitted herewith is: .

RESPONSE TO REQUIREMENT FOR RESTRICTION

in the above identified application.

No additional fee is required.

A check in the amount of is attached. _

The Assistant Commissioner is hereby authorized to charge and credit Deposit Account No. 19-1013SSMP .
as described below. A duplicate copy of this sheet is enclosed. ‘ ‘ '

C] "Charge the amount of A

8! Credit any overpayment. _
l2| Charge any additional fee required.

July 5, 2001 ‘
Signature

Paul J. Esatto, Jr., Reg. No. 30,749
Scully, Scott, Murphy & Presser

400 Garden City Plaza V ‘ lcertify that this document and fee is being depos't d. v , ‘ ie on‘
Garden Clty’ New York 11530 7/5101 ‘ with the U.S. Postal Service as first
(516) 742-4343 ' class mail under 37 C.F.R. 1.3 and is addressed to the

Assistant Commissioner for Patents, Washington, D.C.
20231. '

Janet Grossman

Typed or Printed Name ofPerson Mailing Correspondence

' Copyright1995 Legalsoft . P16AIREVO1_
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“ ’ '_S1VIIT*l‘AL LETTER’
(General - Patent Ifending)- V

,Filing ‘Date’ \ ' _ . " Group Art Unit
09/596,415 June 19, 2000 ' 2_s11

i‘lTit|e: MULTI‘-LAYERED WIRING LAYER AND METHOD OF FABRICATING THE SAME ‘

TO THE ASSISTANHTA COMMISSIONER FORPATENTS:

Transmitted herewith is: _

( RESPONSE TO REQUIREMENT FOR RESTRICTION -

in the above identified application.‘

No additional fee is required.
A check in the amount of ' is attached. \ - y S

The Assistant Commissioner is hereby authorized to charge and credit Deposit Account No. 19-1013SSMP

as described below. A duplicate copy of this sheet is enclosed. . '
' El 9 Charge the amount of

Credit any overpayment.

_Charge any additional fee required.

osmaaaa
July 5, 2001.

Signature

Paul-J. Esatto, Jr., Reg. No. 30,749
_Scully, Scott, -Murphy & Presser
400 Garden City Plaza v
Garden City’ New York 11530 . V ‘ t I certify that this document and fee isbeing deposited,-‘on_ V _ . . 7/s/01 with the US. Postal Service as first
(516) 7424343 z ’ ' ’ class mail under 37 C.F.R. 1.8 and is addressed to the

Assistant Commissioner for Patents, Washington, DC.

V _ Janet Grossman .

Typed or Prim‘edNanie 0fPe"nan Malling Carresparrdeuce

Copyright 1995 Legalsoft P16‘!/VREVU1
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PATENT

Applicants: Masayoshi,Tagami, eta]. Examiner: Hung K. Vu

Serial No.: 09/596,415". A A Group Art Unit: 2811

' Filed: June 19, 2000 ‘ 1 Docket: 13715 I

"For: MULTI—LAYERED WIRING LAYERE Dated: July 5, 2001
’ 1 AND METHOD or FABRICATING THE SAME

Assistant Commissioner for Patents
Washington, DC 20231

RESPONSE To REQUIREMENT Eon RESTRICTION

Pursuant to the Restriction Requirement imposed in the Official Action dated June 5_,

2001, Applicant provisionally elects the claims of Group I, i.e., Claims 1-10 for continued 1 I
A I prosecution herein. 1 1 V 1 A

Claims 1.36 are present inthe above-captionedvapplication and have barn subjected to 1
restriction under 35 U.S..C. §12l .1 Specifically, the Official Action avers that the foll
are present in the claims: I A

CERl‘IFICATl3 OF MAILINC UNDER 37 C.F.R. § -1.811 )
I hereby certify that this correspondence isnbeing deposited with the'United ‘States: 1

H. 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 ' A . ggtgmgi -
' ‘ ‘ , . 1 31' etGrossman'

G:lNEC\l2l0\l37l5\amend\l3715.aml'
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Group 1, "Claims 1-10 drawn to a semiconductor device, classified in class 257,\

subclass 758, and

Group'II, Claims ll-3.6,‘ drawn to a method of_ making a semiconductor device,

' classified in class 438, subclass 22+.

- It is the Examiner's position that the inventions listed as Groups I and II are distinct

. from each other.

In response to the Examiner's requirement for restriction, Applicant provisionally ‘

elects to prosecute the subject matter of Group I, Claims .1-10. However, Applicant reserves the right

under 35 U.S.C. § 121 to file one "or moredivisional applications directed to the non-elected claims in

_ this application.

In view of the foregoing, an exarnination on the merits of the elected claims,_‘at an

early date, is earnestly solicited.

Respectfully submitted,

Paul J,=Esatto, Jr.

Registration No. 30,749 '

. SCULLY, SCOTT, MURPHY & PRESSER '

400 Garden City Plaza 2 , .
Garden City, New York ’l1530
(516) 742-4343

’- PJE:ae
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UNITED STATE$ EPARTMENT OF 'tIOMMERCE'
Patent and Trademark Office. - .
Address: COMMISSIONER OF PATENTS AND TRADEMARKS *

Washington, D.C. 20231 ; '
K - .

ATrp_ Nay. DOCKET NO.

2'! .. ._ .r . . Q/ér\/\

‘ V _ EXAMINER ' 4 - V -. "-1 ...' ;: u'" ‘ -

ART UNIT A ' PAPER NUMBER .

\\.

DATE MAILED:
2:: =:2:r / '

Pl‘ease'fir'1d below and/or attached an Office[comm"uni_ca'tion concerfning this happlicatioh or
proceeding. ' "

CommissioneT of Patents and Trademarks‘ _ '

PTO-90C (Rev. 2/95)
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, Application No. 4 .- App|icant_(s)

09/596,415 . 1'=AGAMl ET AL.
Office Action Summary _ Examiner -. V , . Art Unit _

' 4 ’ Hung K. V.u’ _ 2811 . 4 _
-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --

Period for Reply - ’ ' « « *

A SHORTENED STATUTORY PERIOD FOR REPLY lSSET TO EXPIRE Q MONTH(S) FROM.
THE MAILING DATE OF THlS COMMUNICATION. .4
- Extensions ottime may be available under the provisions of 37 CFR 1.136(a). In no event, however. may a4 reply be timely filed

after SIX (6)‘MONTHS from the mailing date of this communication. - . j .
- It the period for reply specified above is less _then thirty (30) days. a reply within the‘ statutory minimum oi thirty (30) days will be considered timely.
- It NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date oi this 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 Oifice later than three months after the mailing date oithis communication, even it timely filed, may reduce any’

earned patent term adjustment. See 37 CFR'1.704(b). 1 . , \-

Status ~- V V ' _ j V A 1

‘DE Responsive to communication(s) filed on 09 July 2001 . .
2a)l:l='' This action is FINAL. V V 2b)lZl This action is non‘-final. .4

3)l:] Since this application is in condition for allowance exceptgfor formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle," 1935 C.D. 11, 453 O.G. 213. 4

Disposition of Claims

_ 4)® Claim(s) 1_-.3§ is/are pending in the application.

4a) Of the above c|aim(s) is is/are withdrawn from consideration.
5)l:] Claim(s)_ is/are allowed. 4 4
6)E Claim(s)1).is/are rejected.

7)lj craimrs) is/are objected to.

.1 8)[j Claim(s) ________ are subject to restriction and/or election requirement. 4' _

Application Papers _ 4

4 9)[:l The specification is objected to by the Examiner. . _

10)[:] The drawing(s) filed on jr is/are: a_)El accepted 'or_ b)E] objected to by the Examiner.

Applicant may not request that abnybbjection to the drawlng(s) be held in abeyance. See 37 CFR 1.85(ya).

11)I:] The proposed drawing correction filed onj is:4 a)l:l approved b_)l:] disapproved bythe Examiner.

If approved, corrected drawings are required in reply to this Office action. 4 A 4 ’ 4

12)I:l The oath or declaration is objected to by the"Examine'r. 4 4

"Priority under 35 u.s.c. §§’ 119 and 120 _ _
4 13)E Acknowledgment isimade of a claimforforeign priority under 35 U.S.C. § 119(a)-(d) 4or (f).

4a)®'A|| b)|:| Some * c)|:l None of: _ V 4
4 4 A 1E Certified copies of the priority documents have been received. _

2.D Certified copies of the priority documents have been received in Application No.

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.

31]. Copies ofthe certified copies of the priority documents have been received in this Nationalstage

»14)|:] Acknowledgment is made of a claim fordomestic priority under 35 U.S:_C. § 1’19(e)'(to a provisional application).

, a) [:I Thetranslation of the foreign language provisional application has been received.
1 15)[:I Acknowledgment is 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-414-3) Paper No(s). ‘j
2) [3 Notice of Draftsperson’s Patent Drawing Review’(PTO-943) 5):] < Notice of informal Patent Application (PTO-152)
3) E information Disclosure Statement(s) (PTO-1449) Paper No(s) 3. 6) D Other:

US. Patent‘and Trademark Office I - ‘ ’ ~ _ - . ‘ ‘ _ ‘

PTO-326 (Rev. 04-01) _ . V ‘ ‘Office Action Summary ‘ Part of Paper No. 6‘ .
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Application/Control Number: 09/596,415

Art Unit: 281-1

DETAILED ACTION

‘Election/Restrictions

1. Applicant's election of Invention of Group 1, Claims_ 1-10, in Paper No. 5 is 1

acknowledged. Because applicant did not distinctly and specifically point out the supposed

errors in the restriction requirement, theelection has been treated as an election without traverse

(MPEP § 818.03(a)).

Applicant's election without traverse of Invention of Group I, Claims 1-10, in Paper No. 5

V is acknowledged.

Claims 11-36 are withdrawn from fiirther consideration pursuant to 37 CFR l.142(b) as

being drawn to a nonelected Invention, there being no allowable generic or linking claim.

Election was made without traverse in Paper No. 5.

Claim Rejections - 35 USC § 102

2. The following is a quotation of the appropriate paragraphs of 35 U.S.C._1i02 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.

A Claims 1-3, 5-7, and 10 are rejected under 35 U.S.C. 102(b) as being anticipated by

Vitkavage et al. (PN 5,858,873).

Vitkavage et al. discloses a barrier film preventing diffusion of copper from a copper wiring‘

layer formed on a semiconductor substrate (2), comprising a multi-layered structure of first and-

second films,
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Application/Control Number: O9/596,415

Art Unit: 2811 ‘ 8

A first film (14) being ‘composed ofcrystalline metal containing nitrogen therein,

The second film (12) being composed of amorphous metal nitride,

Thebarrier film being constituted of common metal atomic species. Note Figures ,1-4 of

Vitkavage et al..

‘lg With regard to claims 2 and 6, Vitkavage et al. discloses wherein the first film is formed on the 4

second film.

With regard to claims 3 and 7, Vitkavage et al. discloses wherein the second ‘film has a thickness

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

With regard to claim 10, '\/itkavage et al. discloses a copper film (18) formed on the first film.

Claim‘iRejections -35 USC § 103

3. . ' The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections 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 mattersought to be patented and the prior an are
such that the subject matter as a wholewould have been obvious, at the time the invention was made to a person
having ordinary skill in the art to which said subject matter pertains. Patentability 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. l03(a) as being unpatentable over

I Vitkavage et al. (PN 3,858,873). V V A, . I - _,

iWith regard to claims 4 and 8, Vitkavage et discloses all of the claimed 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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Application/Control Number: O9/596,4l5 _ i_ V. I ‘ Page4
Art Unit:g2811

art to form Vitkavage et al.’s first film having a thickness as claimed range because the thickness

of the first film is variable of importance subject to routine experimentationvand optimization.

Also, the thickness differences are considered obvious design choices and"are not patentable A

« unless unobvious or unexpected ‘results are obtained from these chances. It appears that .these '

changes produce no functional differences and therefore would have been obvious. See In re

Woodruff, 919 F.2d‘ 1575, 1573, 16 USPQ2d 1934, 1935 (Fed. Cir. 1990).

With regard to claim 9, Vitkavage et al. discloses wherein the barrier film covers 1a recess and a

hole (10) formed throughout an insulating film (8) formed on an underlying region ('4): A

Vitkavage et al. discloses the underlying region is a diffusion region. Vitkavage et al. does not ‘_ ' i ' T

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 region of M

Vitkavage et al. as the wiring layer. inorder to connect to otherparts of the circuit to perform

" additional functions.

Conclusion

4. Any inquiry concerning this communication or earlier communications from the

’ examiner should be directed to Hung K. -Vu whose telephone number is.'(703) 308-4079. The '

examiner can normally be reached on Mon-Thurs 7:00-5:130, Eastern Time.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Tom Thomas can bereached on (703) 303-2772. The fax phone numbers for the
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/ ,

Application/Control Numberi 09/596,415 ‘ I .; A A _ Page5 M
5. ArtUnit: 2811 V

organization‘ where this application or proceeding assigned are (703) 308-7722 for regular

- _communications and (703) 308-7722 for After Final communications. A 4

Any inquiry of a general nature or relating to the status of this application or proceeding

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

Vu
- Steven Loke
Primary Examiner

Septerriber 19, 2001 I '_ ' ' .  
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Application/Control No. M ‘ «’p‘plicant(s)/‘Patent Under
______ . . t.

09/596.415 V I eTiF5“§i'i‘.'“§r'3\"L.

* Document Number ‘ Dale «V _ . 4, , '
Counlry Code-Number-Kind Code MM-yyyy -. . Name - Classlficailon

IU9-9999979  99-9999 ii 7  

Document Number
Country Code-Nurnber-Kind Code

A M NON-PATENT oocumems _

Include as applicable: Author, Title Date, Publisher, Edilion"orA\/olume, Pertinent Pages)

I?
‘A copy a this reference ie not being furnished with this Office aelion. (See MPEP § 707.05(a.);)
Dates in MM-YYYY formal are publicalion dates. Classificalions may be US or foreign.
U.S. Patent and Trademark Office 9 ' .

PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 6



    
    

 

       

        

           

   

     

        

          

  

       

       

        

        

       

      

       
         

       
             

               
         

       
         
         

    
 

  
        

   

    
   

    
 

  
        

  

Page 215 of 333

A . AMENDMENT TRANSMITTAL LETTER (Large Entity.)

' A_pp|icant(s): 'Masayoshi Tagami, etral. ‘ A - A A

Serial,No. Filing Date ‘ it Examiner

09/596,415 ' June 19,2000 0 H. Vu

Transmitted herewith is an amendment in the above-identified application.

The fee has been calculated and is transmitted as shown below. _

' ’» CLAlMS AS AMENDED .. .

CLAIMS REMAINING ‘ H|GHEST# NUMBER EXTRA , ' , ’ ADDITIONAL‘ ‘V-
Tfil
Edi.

'I 

‘ TOTALADDITIONALFEEVFORTHISAMENDVMENT ' . ‘L M $0.00" -.

No additional fee is required for amendment.

' Please charge Deposit Account No. ‘ J . in the amount of
. _ A duplicate copy of this sheet is enclosed. A

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 overpaymentto Deposit Account No. V19-1013/SSMP’ ,
A duplicate copy of this sheet is enclosed. - E ‘

Cl Any additional filing fees reguired under 37 1.16.
CI Any patent application processing fees under 37 CFR 1.17.

. 0 I V

4%‘: Dated: December 20, 2001
- Signature

_AntI1_ony N. Fresco ' .
‘Registration No.: 45,784 '

- ify that this document and fee is being deposited
S°““3" S°°“' M“'Pl‘y & P’°“°’ ,with the u.s. Postal Service as

‘ 400 Garden City Plaza

Garden City, New York 11530

(5'16) 742-4343 '

' MishelleVMustafa

Typed or Printed Name ofPerson Mailing Correspqndence.
P1.1LARGElREVO6 .
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AMENDMENT TRANSMITTAL LETTER (Large Entity)
App|icant(s): Masayoshi Tagami, et al. ' ' ‘

.r\"\ ‘
. ' ",0 . 3

Serial No. Filing Date ' Examiner . _ Qrgup<A1§ Unit’)
09/596,415 June 19,2000 V H. Vu 811:3‘

The fee has been calculated and istransmitted as shown below.

. AFTER_AMENDMENT PREV. PAID FOR ‘ CLAIMS PRESENT
=|

1 Edi
I

TOTAL ADDITIONAL FlEE FOR THIS AMENDMENT‘ I

No additional fee is required for amendment.
Please charge Deposit Account No. . in the amount of
A duplicate copy of this sheet is enclosed.

A checkin the amount of tocover 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. 19-1013/SSMP

A duplicate copy of this sheet is enclosed.
— . V" ‘Any additional filing fees required under 37 C.F.R. 1.16.

C] "Any patent application processing fees under 37 CFR 1.17.

_ I M Dated: December 20, 2001
Signature

Anthony N. Fresco

Registration No.: 45,784

rtify that this document and fee is being deposited
Scott’ Murphy & Presser with the U S Postal Service as

400 Garden City Plaza

Garden City,'New York 11530 A
(516) 742-4343
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I I ' ’ ‘PATENTS _ I
I IN THE UNITED STATES PATENT AND TRADEMARKOFITICE

Applicants: Masayoshi Tagami-, et al. "Examiner; H. V11

1,2811 '
13715 ’ p -

Serial No: 09/596,415’ ‘ Art Unit:

Filed: June 19,‘ 2000 _ ‘ 0 Docket: '
J.

MULTI-LAYERED WIRING
LAYER AND METHOD, OF .
FABRICATING THE SAME

For: Datedz.

1 Assistant Commissioner for Patents

United States Patent, and Trademark Qffice
- _ Washington, D.C.i 20231 1

RESPONSE UNDER 37 C.F.R. § 1.111 _

Sir: . , . _ . . I

In response to the o_fficial Office Action dated September 25,- 2001‘, the ’

applicant respectfillly presents the following Amendment and Remarks as set forth herein . H‘.-

below. H I I I A I A
IN THE CLAIMS:

V Please c ncel claims 2 and'6.

Please amen claim 1 to read as follows:

wiring layer formed on a semiconductor - ’

first” and second films,

- A

_ CERTIFICATEOF MAILING UNDER 5% C.F.R. ~ 1.8 a
I hereby certify that-this correspondence is being de 3» ted with the United States

Postal Service as first class mail in an envelope a 1 éssed at .‘ ssistant Commissioner r

Patents, Washington, D.C. 20231, on December 0, 2001. g j K‘1’ ‘ ' . ’ '2

g\nec\l 210\13715\arnend\l371S.am2.doc

Dated: December_ 20, 2001 __ I
. I shelle Mustafa

1" \
I,-‘



           

        

          

         

             

       

        

             

            

            

       

        

         

              

     

       

              

             

            

                 

 

    

 

Page 218 of 333

___p_o9/595,415

said-firsbt film b - 'ng composed of crystalline metal ‘containing nitrogen-~therei‘_n,

. substrate,

. (New) The barrier film as set forth in claim 1, wherein said first film is:

composed of B -Ta and TaNo_1,‘ and said secondifilm is composed of "i"a2N. ' »
'0 V ' . \

38'. (New) The mulvti-layered wiririg structure as set_fo_rth in claim 5, whereixi

said first film is composed of -Ta and TaNo_1, and said second film is composed of“Ta2N.h . p."

g:\nec\l2li0\l37l5\amerid\l37l5.am2.doc
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‘ traverse in the applicant’s July5, 2001 response.

O9/596,415

1%zMARI__<§_

' ' Reconsideration of this application based on the foregoing Amendment and the

‘ following Remarks is respectfully requested. ‘

The Examiner has acknowledged the applicant’s election of Group 1, claims 1-

10, in the applicant’s Response to a Requirement for Restriction of .luly,5, 2001. Claims 1 1-

36 are withdrawn from consideration pursuant to 37 C.F.R.‘§ 1.142(b) as being drawn to a‘ I

nonelected invention, there being no allowable generic or linking.c1aim. The Examiner has '

- treated the election asan election without traverse, in that the election was made without

. V ’ \ -

"Claims 1-3, 5-7 and 10 stand rejected under 35 U.S.C. § lO2(b) as being

.3 anticipated by Vitkavage et al. (U.S. 5,858,873) and claims 4, 8 and 9 stand rejected under 35

U.S.C. § l03(a)’ as being unpatentable over Vitkavage et al.

In response, the applicants have amended claims land 5 to recite that the first

film is formed on thesecond film, the first film containing nitrogen in a smaller content than

that ofthe seeend him. The applicants have added new claims '37 and 33 which'recite that the

- ‘first film is composed of [3 —'l‘a and TaNo_1 and the second film is composed of‘Ta2N, Support

, _ for the amendment ‘to claims 1 and 5 and the addition of new claims 37 and 38 is provided in

the specification on page 23, line 20, to page 30, line 1', of the "application. No new matter has

been added. ‘ 4 \ J

Vitkavage et al. discloses in column 4, lines l-12, that the first layer 14 is » . V

A comprised of a refractory material such as refractory nitride, carbide or boronide. For

instance, the first layer 14 is comprised ofTiN, TiC or TiB. The adhesion or second layer 12 v

I is comprised of a‘ metal such as Ti, Ta, Zr, Hf or The first layer 14 is formed on the

I

g:\nec\l2l0\l37 l5\amcnd\137 l’5.am2.doc
; a_\



                  

                

          

             

               

            

               

                

               

               

              

                 

       

             

                 

              

                

          

         

               

                 

               

 

Page 220 of 333

(‘)9/596,415.

second layer 12. In a typical case in the cited reference, the first layer 14 is composed ‘of

1 is formed on the second layer 12 composed of Ti. Herein, the firstllay‘er 1.4 containsnitrogen

in a higher content than that of the second layer 12. A

in contrast, inthe 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 filmcontaining nitrogen therein.‘ For instance",

the first film 16 is composed of TaNo_1 which is called nitrogen-contaliningci —Ta, or a

combination of TaN0,, and [3 -Ta. Tlheisecondlfilm 15 in the present invention is comprised of A '

an amorphous metal nitride film. lior instance, the second film 15- is composed of Ta2N. That

‘is, the first film 16' is composed of crystalline metal containing nitrogen at 10% or smaller,

_ and the second film 15 is composed of amorphous -metal nitride containing nitrogen at about

~ which is structurally’ different from the cited reference.

-30%.. The firstlayer 16 contains nitrogenin a smaller content than that of the second film 15,
J

In addition, inthe present invention of amended claims land 5, the copper

film 18 makes contact with the first film 16 beneath which the: second film 16 is formed. As _

,_illi1strated in Fig. 9, the first film :16 composed ofnitrogen-containing crystalline metalihasapg A 1

smaller resistivity that that of a Ta film containing no niltrogeng Hence the first film is formed 1

ofnot a pure-metal film, but a nitrogen-containing cg‘stalline metalfilm.

Therefore, the applicants respectfully maintain that the presentinvention of

amended claims 1 and 5, and new claims 37‘ and 38 patentably distinguish over Vitkavage et

- al and that the claims are notanticipated by Vitkavage et a1. under 35 ,l02(b.). '. Claim

3 stands‘ together with claim 1 and claims 7 and.1O stand together with claim 5. K i

‘ g:\i1ec\l2lO\l37l5'\amend\l37l5>.ain2.doc
ii’

I‘,‘E
r.——
r.’l
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059/596,415 , 5 _ ~.
L

Vi/ith regard to the rejections of claims 4,8 and 9 under 35 U.S.C. § l03(a), the -.

applicants respectfu_lly maintain that claim 4 stands together with claim 1, as amended, and
claims 8 and 9 stand together with claim 5,;as amended.

The foregoing Amendment and Remarks establish the patentable nature of all-

of the claims under consideration in the application, i.e., claims 1, 3-5, and 7-10. Claims 2
and 6 have been cancelled.’ No new matter has been added, wherefore, early and favorable _‘ ‘‘

reconsideration of the present application and issuance of a Notice of.Allowability' are

1 respectfiilly requested.

Respe tfully submitted '

 71. 1.  
_Anthony _ . ' »

Registration No.: 45,784

Scully, Scott, Murphy & Presser
400 Garden City Plaza

Garden City, New York 11530
(516) 742-4343

ANF:cm _ _ _
Encl. (Version with Markingsto ShowChanges Made)"

g:\nec\12l0\l3715\arnend1l37l5.am2.doc
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VERSION WITH. MARKINGS TO snow CHANGES MADE

In the Claims:

Claims 2 and 6 have been cancelled.

Claim 1 has been amended as follows:

1. (Amended) barrier film preventing dit‘fusion of copper from a copper

wiring layer formed on a semiconductor substrate, comprising a multi-layered structure of

first and second films, I

said first film being composed of crystalline metal containingvnitrogen therein‘,

said second film being composed of amorphous metal 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. saidsecond

fi1_n_1-_

' Claim 5 has been amended as follows:

5. (Amended) A multi-layered wiring structure comprising a barrier film

which prevents diffusion of copper fiom a, copper wiring layer formed on a iserniconductor
substrate,

said barrier film having a rnulti-layered structure of first and second films,

said first film being composed of crystalline metal containing nitrogen therein,

said second film being composed of amorphous metal nitride, _

.said barrier film being constituted of common metal atomic species,

said first film beingiformed on said second film,

g:\nec\l2l0\l 37 l5\amend\l37 l5.am2.doc
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09/596,415

said first film containing nitrogen in a smaller content than that of said second ’

New claims 37 and 38 have been added aspfollows:

37.. (flew) The barrier film as set forth in claim 1», wherein said first film is.

composed of E -Ta and TaNo_1, and said second film is composed ofTagfl .

/

38. (flew) The multi-layered wiring structure as set forth inclaim 5, wherein

I saidfirst film is composed of [3 -Ta and TaNo_1, and said second film is composed of'Ta;N.

g:\nec\12_l0\l37l5\amend\137l5.am2.doc
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UNITED STATES PATENT AND TI-IADEZMARK OFFICE » I
A _ _ ‘ _ UNITED STATES DEPARTMENT OF COMIMEIICEUnited States Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, DC. 20231
www.uspI.o.guv

APPLICATION NO. FILING DATE _ I ' FIRST NAMED INVENTOR A ATTORNEY DOCKET NO. CONFIRMATION NO.

09/596,415 06/19/2000 ‘ Masayoshi Tagami 13715‘ 3425 I

7590 ‘ 04/04/2002

Pau1JEsatto Ir ' ‘A I ' V 7 I ' EXAMINER’
Scully Scott Murphy & Presser ‘
400 Garden City Plaza 4 VU’ H1/NG K
GardenCity.NY 11530 ' - ' . ' I . I- ART UNlT_ ‘ _ PAPER NUMBER

281!

_ DATE MAILED: 04/04/2002
( , .

Please findibelbw and/or attached an Office communication eoncerriirig this application or proceedingi

proi-90c (Rev. 07,01) _
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Application No.‘ I ' , Applicant(s)
.09/596,415 ' I - ' TAGA|Vl|_ETAL.A'y{. .

Office Action Summary “ Examine, -. Art Unit 4

V A .v . ‘Hung K. Vu 1 _ 2811.
-- The MAILING DATE of__this communication appears on the cover sheet with the correspondence address --

Period for Reply - I

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE g_ 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 areply be timely filed

after SIX (6) MONTHS from the mailing date of this communication. ' ' '
- It the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely. V
- 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 (35 U.S.C. §,133). ‘
- Any reply received by the Olfice later than three months alterthe mailing date of this communication, even if timely filed, may reduce any
. earned patent term adjustment. See 37 CFR 1.704(b). . ' -'

Status V _

1)iZ Responsive to communication(s) filed on 20 December 2001 .

2a)E This action is FINAL.‘ ' _ _ 2b)[:] This action is non-final. .

3)|:I Since thisapplication is in condition for allowance except forforrnal matters; prosecution as the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11. 453 O.G. 213.’-

Disposition of Claims — v . ' -

4)E Claim(s) 1 3-5 and 7-38_ is/are pending in the application.

4a) Of the above claim(s) _1_1_-3__6 is/are withdrawn from consideration.
5)[] ‘Claim(s) is/are allowed-. ’ A '

em Claim(s) rgiéifi rejected.’
DE Claim(s)v is/areflobjected to. 4 M

'8)i] *C|aim(s)r__ aresubject to restrictionand/or election requirement.‘ '
Application Papers ' * ‘

9)|j The specification is objected to by the Examiner.‘ ; _ . y _

10)i] -The drawing(s) filed on is/are: a)l:i accepted or b)[:I 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): M

11)i:] The proposed drawing correction filed on __ is: a)[:] approved b)I:| disapproved bythe Examiner.
If approved, corrected drawings are required in reply to this Offlcevaction. 3. i I

12)|j The oath or declaration is. objected to by the Examiner.‘ "V ‘L
‘Priority under 35 u.s.c. §§ "119 and 120 _ ' A

‘13)l]_ Acknowledgment is made. of a claim for foreign priority under 35 u.s.c. § ‘119(a)-(d) or (r);-.
a)[:] All b)[:]' Some * c)[:]"None of_: - I A I V ' '

1.I] Certified copies of the priority documents h_ave.been received. . V

2.|:] Certified copiesvof the priority documents have been received in Application No. __ . '\ .‘
3.i:i 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))-.1 ’ . ‘
7' See the attached detailed Office action for a list of the certified copies not received.

14)l:i 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 provisional applicationvlhas been received. ,

V’ 15)I_] Acknowledgmentis made of a claim for domestic priority under 35 U.S;C.‘§§ 120 ‘and/or 121.
Attachment(s) V

)1) E .Notice of References Cited (PTO-892) T M 4) El Interview Surnmary (PTO-413) Paper No(s).
2) D Notice of Draftsperson’s Patent Drawing Review (PTO-_948) 5) D Notice of Informal Patent Application (PTO.—152)
3) I3 Information Disclosure Stalerrient(s) (PTO-1449) Paper No(s). . _ 6) [:1 Other: ~ . . » 3 A - -

U.S. Patent and Trademark Office
PTO-326 (Rev. 04-01) . ’ ' Office Action Summary H —' ' Part of Paper No. 8.
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_ Application/Control Number: 09/596,415
Art Unit: 2811

ADETAILED ACTION

‘ Claim Rejections - 35 USC § 102

1. _ The following is a quotation of the appropriate paragraphs of 35 U.S.C. 1052 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 patentedor describedin a printed publication in 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 and Table 1 of Hong‘ et al..

Hong et al. discloses a barrier film preventing diffusion of copper froma copper-wiring layer

formed on a semiconductor substrate (22), comprising a multi-layered structure of first and

-second films,

A first film (48) being composed of crystalline metal containing nitrogen therein,

The second film (44) being composed of amorphous metal nitride,

The barrier film being constituted of common metal atomic species (Ti,Ta,W),

The first film being formed on the second film,

The first film containing nitrogen (TiWN,TiAlN,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 athickness 100-

6000 angstroms _(within the rangelof 80 angstroms to 150 angstroms both inclusive).
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(

Application/ControlNumber: 09/596,415 4 V . Page3 .
ArtUnit:2811'- _ ~ - - ' V - ' . it

3

With regard to claims 4 and 8, Hong et al. discloseslwherein the firstfilm has a thickness 100;

1000 angstroms (within the range of 60 angstroms to 300 angstroms both inclusive).

_ With regard to claim 9, Hong et al. discloses wherein the barrier film coversria 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. disclosesa 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
l

in view of the new ground(s) of rejection.

Allowable Subject Matter 9
I V \ . ‘ .

3. Claims 37 and 38 are objected toiasbeing dependent upon a rejected base claim,‘ but

wouldibe allowable if rewritten in independent form including all of the limitations ofthe base

' claim-and any intervening claims.

The following is an examiner's statement of reasons.fo'r allowance:

Applicants’ claims 37 and 38 are allowable over the references of record because none of

these references disclose or can be combined to yield the claimed invention such as__the first film

is composed of B-Taandi _TaNo.1, and the second film is composed of Ta2'N.
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Application/Control Number: O9/596,415

Art Unit: 2811

Conclusion

’ 5. Applicant's amendment necessitatedthe new ground(s) of rejection presented in this

Office action. ‘Accordingly, THISACTION IS MADE FINAL. See MPEP § 706.07(a).

A Applicant is reminded of the extension of time policy as set forth in 37, 1.1i36_(a).

A shortened statutory periodfor reply to this final action is set to expire THREE

MONTHS from the mailing date ofthis action. In the event a first reply is filed within Two ’

MONTHS of the mailing date of this final action and the advisory action is not mailed untilafter

the end of the THREE-MAONTI-AI shortened statutory period, then the shortened statutory period
will expire on the date the advisory action is mailed, and any extension fee pursuant to

CFR 1.13_6(a) will be calculatedfromthe mailing date of the advisory action. In no event, 7

however, will the statutory period for reply expirelater than SIX MONTHS from the dateyof this
final~action.i ‘ I V A A A I

Any inquiry concerning this communication or earlier communications from the ~ ‘

examiner should be directedto'Hung K. Vuhwhose telephone number. is‘ (703) 308-4079. The

examiner can normally be reachedon Mon-Thurs 7:00-53:30, Eastern Time.
If attempts to reach the examiner by telephone are unsuccessfu_l, the examin_er’s

A - supervisor, Tom Thomas can be reached on (703)308-2772. The fax phone numbers for the

I -' organization where this application or proceeding is assigned are (703) 308-7722 for regular I

communications and (703) 308-7722 for After Final communications.

Any inquiry of a general nature orrelating to the status of this application or proceeding

3 should be directed to the receptionist whose telephone number is (703) 308-0956.
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Application/Cc)>ntro1 Number: 09/596,415

ArtUn_it:2811 ‘ "

Vu

é March 29, 2002
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Reexamination -
09/595415 I TAGAMI ET AL."
E>taminer I

Hung K Vu‘ -

t ‘ U.S. Pl-\TE|\l]'rDOCUMENTS . ‘ .
Document Number Date ' _ ‘ A _ ‘

Country Code-Number-Kind Code MM-wYY /' M ‘ Name . C'a55'f|°aU°n

US-5,668,411 09-1997 /_H6NG ET AL. ‘M257/751

- J Application/ControlNo. . Applicant(s)/PatentUnder~-....... \‘ ," .. \

Noticefof References Cited

j

-'
Z
_——
S
_ -

FOREIGN ' PATENT DOCUMENTS .

—jL
— 
 _

_ NON-PATENT DOCUMENTS
include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages

‘A copy of this reference is not being-furnished with this Oftice action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign. -'
US. Patent and Trademark Office

PTO-892 (Rev. 01-2001) Notice ol‘Ret‘erences Cited / , ‘ . Part of Paper No. 8 -

Document Number Date _ I . ' ‘I
Country Code-Number-Kind Code MM.vYyy Country classification . .

Z-» I I .
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. AMENDMENT TRANSMITTAL LETTER (Large Entity) ‘
App|icant(s): M_asayoshi Taganli, et al. _ 0 ‘('1 0 I ‘

Serial No. A. I ‘ Filing Date I
09/596,415‘ June 19, 2000

a.;: FFABRICATING THE SAME . .1 _
‘ A ‘ Corres. and Man

TO THE ASSISTANT COMMISSIONER FOR PATENTS:

Transmitted herewith is an amendment in the above-identified application. if

The fee has been calculated and is transmitted as shown below.

CLAIMS As AMENDED ’ ‘ .'

CLAIMS REMAINING H|GHEST'# NUMBER EXTRA .- T ‘ RATE . 0

AFTER AMENDMENT PREV. PAID FOR CLAIMS PRESENT ‘ ‘

TOTAL CLNMS
I~DEP- CLAIMSfi
Multiple Dependent Claims (check if applicable) ' C]

No additional fee is required-for amendment. __ _

Please charge Deposit Account No. ‘ in the amount of
A duplicate copy of this sheet is enclosed.‘ -

A A check in the amount of A V_ 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. 19-1013/SSMP A
Apduplicate copy of this sheet is enclosed. ' _ i , '
Cl Any additional filing fees required under 37 C.F.R. 1216.

B Any patent application processing fees under 37 CFR 1'.17.

/%v ‘ - Dated: June 4, 2002.
_ Signature

Anthony N. Fresco

Registration No. 45,784"

' _ A A ‘ , ‘ I certify that this document and fee is being deposited
SCULLY’ SCOTT’ & PRESSER on June 4, 2002 . . with the U98. Postal Servicevas
400 G“."d°“ Cit)’ Plaza _ 0 l - first class mail under 37 C.F.R. 1.83 d is addressed to the
Garden City, New York 11530 _ . .3 Assistant Commissioner I for Paten , Washington.
(516) 742-4343 2023“.

/V‘ \Sg':zIhture ofPerson Mailing rrespanK

Mishelle Mustafs 7

Typed or Printed Name ofPerson Mailing Correspondence

_ PHLARGEIREV06 -
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. AMENDMENT TRANSMITTAL LETTER (Ltirgé En '
Applicant(s): Masayoshi Tagatni, et al. '

Serial No. Filing Date
. 09/596,415 _ June 19,2000

. -'3 . .

Invention: MULTI-LAYERED WIRING LAYE gain METH :77 I F FABRICATING THE SAME
3 Wrgfm ,

TO THE ASSISTANT COMMISSIONER FO_R PATENTS:

Transmitted herewith is an amendment in the above-identitied application./ y .

The fee has been calculated and is transmitted as shown below.

I {CLAIMS ASVAMENDED. k ‘ "C3,.

cI._AIMs REMAINING HlG_HEST# NUMBER EXTRA ‘ . ‘ ADDITIONAL A
‘ I E ‘ RATE .. - . _

AFTER AMENDMENT PREV. PAID FOR . CLAIMS PRESENT . , FEE _ ‘

Multiple Dependent Claims (check if applicable) _ [II A ' A ' $0.00

TOTAL ADDlTlONAL ‘FEE FOR THIS AMENDMENT = I '- $0.00 1 %

No additional fee is required for amendment.

Please charge Deposit "Account No. ‘ . V p in the amount of

. A duplicate copy of this sheet is enclosed. _ _* -
A check in the amount of - tovcover the tiling 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. 19-1013/SSMP -

' A duplicate copy of this sheet is enclosed. ~ , _ *

Cl Any additional filing fees required under 37 C.F.R. 1.16. ' I - A
El Any patent application processing fees under 37_ CFR 1.17.

Dated: June 4, 2002
Signature

Anthony N. Fr sco
Registration No. 45,784

A ‘ certify that this documentandfee is being deposited
SSULLY’ SCQTT’ MURPHY & PRESSER n "June 4, 2002 , with the U.S. Postal Service as
4 0 Garden Clty Haza ,. , . rst class mall under 37 C.F.R. 1.8 and is addressed to the
Garden City, New York 11530 , - _ ‘ . ssistant Commissioner for _Pate s. Washington, D.C.

(516) 742-4343 , 023?, 1 ._ ’ I"

./.‘

Typed or Printed Name ofPerson Mailing Correspondence

PHLARGEIREVOG .> -
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 W/2%
RESPONSE UNDER 37 C.F.R. § 1.116"

' EXPEDITED PROCEDURE

EXAMINING GROUP 2311

A PATENTS \

IN THE UNITED STATES PATENT AND TRADEMARK OFFI E

AppIicant(s): Masayoshi Tagami, et al. ‘ . Examiner: H. Vu

Serial No.i 09/596,415 V ‘ Art Unit: V 2811

Filed: - 1 June 19, 2000 Docket: ’ 13715

For: ' MULTI-LAYERED WIRING ». ‘ Dated:

V LAYER AND METHOD OF '

FABRICATING THE SAME- '

Assistant Commissioner for Patents _

United States P_atent and Trademark Office
Washington, D.C. 20231 _ ' ‘-

RESPONSE AFTER FINAL REJECTION UNDER 37 c.P.R..§ 1.116

Sir:

In response to the Final Ofi'1ce_vAct:ion dated April 4, 2002, the applicant

respectfully requests‘ consideration ofthe following Remarks in’ the above-

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 enve ope addressed to: Assistant 7“
Commissionerfor Patents, .Washington, D.C. 20213,] , on June 4, 2002.

Dateidz ‘June 4, 2002

G:\nec\l2lO\l37l5\amend\l37lS.am3
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REMARKS

This response submitted in.re_sponse to the Final Office Action dated V

April 2002 and respectfully requests that the Examiner reconsider the rejection _
.*of the claims as set forth therein. I i V I

The Examiner obje/cts claims 37 and 38 as being dependent upon at ‘

rejected base claimbut would be allowable if rewritten in independent form

including all of the limitations of the base claim and any interyening claims. ’

The Examiner has considered the ap'plicants’i arguments with respect to i V‘
claims 1 and 5 but the Examiner ‘considers the argumentsimoot inview ofnew

grounds of rejection. I

The Examiner has rejected claims I, 3-5 and 7.-l(.) under 35 U.S.C.‘102(b.) ..

as being anticipated by Hong et (U.S. 5,668,4.l 1. - filed July 23, 1996 — issued

September 15, 1997.).

M Iilongtet al is a new reference cited by the Examiner. In the fi_rst_(l)fficel
Action, the Examiner cited Vitkavage et al. (U.'S. 5,858,8‘”_l3.~'— filed March '12, 1997 ‘

4 issued January 12, 1999)., The Examiner now asserts FIGS.H7-l0iand Table 1..
of Hong et al disclose the limitations of claim 1 of a barrier film‘preventing ''

_ diffusion of copper from a copper wiring structure comprising abarrier film ‘which

prevents diffusion of copper from a copper wiring layer formed on a semiconductor"

substrate.

. response. the applicants respectfully maintain with respect to claims 1

and 5 that Hong et al does‘ not disclose the first film being formedon second i I
film, as recited by claims 1 Instead, Hong et al, FIGS. 7 and 1,0 Ediscloses .

' i

I _

G:\nec\l 21o\1 37 1 5\amend\l 37 l 5.arn3
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that there is a seed layer 46 of the diffusion barrier film positionedbetween the top

layer 48 and the bottom layer 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 bottomlayer 44 of ll-long

et al, which corresponds to the second film of the present invention, containsvTiN,

TiAlN, or TiSiN. Therefore, contrary to the 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. Instead, in Hong et al, preferably, both’ the first and second films can

be TiN, or both be TiWN.

Although tungsten has an atomic weight of 183.84 which is greater than the

atomic weight of either aluminum or silicon, and the compound TiWN 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 contain nitrogen in a smaller content than that of the second

layer, as recited by claims 1 and 5.

Therefore, claims 1 and 5, by reciting that the first film is formed on the

second film, patentably distinguish over Hong-et al. Furthermore, in the bestmode

described by Hong et al, 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 advantage of the first film being comprised of TiWN while

the second film is comprised of TiN or TiAlN.

With regard to claims 3-4 and 7-10, in view of the applicants’ argumentsin

favor of claims 1 and 5 as patentably distinguishing over Hong et al, the applicants

G:\nec\l2l0\l37l5\amend\l37l5.am3
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respeetfully maintain claims 3-4 and 7-10 also patentably distinguishiover

- Hong et al.

The applicant respectfully requests that the Examiner consider the foregoing

Remarks. The foregoing Remarks establish ‘the patentable nature of allof the
claims currently in the application, i.e. claims 1, '3-5, and'7-l0. Claims 2 and 6 ‘

were previously cancelled. Claims 37 and 38 are objected to as being dependent

. upon a rejection base claim 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 an_d_

issuance of a Notice of Allowance are respectfully solicited.

Respectfully submitted, ' .

@337 fflfimxr 1, 3
Anthony .. resco
Registration No.: 45,784 ~A ‘

SCULLY, SCOTT, MURPHY & PRESSER
400 Garden City Plaza . ’

Garden City, New York 11530 '

(516) 742-434_3/4366 FAX

ANF:yp

T G:\nec\l2l0\l37l5\amend\l37lS.am3
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V1-1;,‘

UNITED STATES ‘PATENT AND 'IkA‘DE:MARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCEUnited States Patent and Trademark Oflice
Address: COMMISSIONER OF‘ PATENTS AND TRADEMARKSWnahmgmn, D.C. 2023: V I

www,uspm.gav

APPLICATION NO. FILING DATE I ' FIRST NAMED INVENTOI1 I V’ ATTORNEY DOCKET NO. CONFIRMATION NO.
I - 3425‘

09/5 96,4 15 06/ l 9/2090 ' Masayoshi Tagami 2 “ 13715

7590 07/02/2002

Scully ScottVMurphy & Presser . , ~-
400 Garden City Plaza . \./U’ HUNG K
Garden City, NY 11530 I 4

I 28]]

DATE MAILED: 07/O2/2002

_ Please find below and/or attached an Office communication concerning this application or proceeding. ‘

PTO-90C‘ (Rev. 07-01)



 

 

  

 

  

 

               

              
                  

                   
                    

       

       

               

                              

                    

                  

                        

                         

                             

                             

       

                  
               

        

               

           

                    
   

              

        

                
   

                 

        

                   
       

                   

               

          

  

     

    

    

               

         

  

 
   

        
        

     

Page 238 of 333

Application No. V‘ I sApplicant(s) ' ' U’
09/596,415 ‘ » TAGAMI ET AL.

Examiner T - Art Unit I '
. Hung K. V_u ' = 2811 _

--_The MAILING DATE of this communication appears on the cover sheet with the corresponderice 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 gn_|y 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 (RC_E) in compliance with 37 CFR 1.114. - A 2 .

‘ — , PERIOD FOR REPLY [check either a) or b)]
E The period for reply expires §_months from the mailing date of the final rejection.-

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_.O7(f). , \ 4

Extensions of time may be obtained under 37 CFR 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 ofthe fee. ‘The appropriate extension fee under
37 CFR 1.17(a) is calculated from: (1) the expiration date of the shortened statutory period for reply originally set In the flnal ‘Office action; or (-2) as set forth in '
(b) above, if checked. Any reply received bythe.0,ifice later than three months after the mailing date of the final rejection, even if timely filed, may reduce any ~
earned patent term adjustment. See 37 CFR 1.7,04(b). . ’ ' ‘ .

Advisory Action

1.E] A Notice ofAppeal was filed.on ___. Appellant's Brief_must be filed within the ‘period set forth in .
37 CFR 1.192(a),lor any extension thereof (37 CFR 1.191 (d)), to avoid dismissal ofthe appeal.

2.l:] The proposed amendment(s) will not be entered because: =
(a) [:1 ‘they raise new issues that would require further consideration and/or search (see NOTE below);

(b) l___| they raise the issue of new matter (see Note below); /
(c) E] ~.they are not deemed to place theapplication in better form for appeal by materially reducing or simplifying the

issues for appeal; and/or ‘ ' I -‘ I
(d) [:1 they present additional claims without canceling _a corresponding number of finally rejected claims.

NOTE: . A "‘ . ’ 3/

3.L__| Applicant's reply has overcome the following rejection(s): _-__.

4.C] Newly proposed or amended claim(s) would be allowable-if submitted in a separate, timely filed amendment
. canceling th_e‘non-allowable claim(s). ‘

RE The a)[:] affidavit, b)l:] exhibit, or c)® request for reconsideration has beenconsideredibut does NOT place the
application in condition for allowance because: See Continuation Sheet. '

6.D 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.® For purposes of Appeal, the proposed amendment(s) a)lX] will not be entered or b)I:l 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 c|aim(s) is (or will be) as follows:

Claim(s) allowed:_ '

Claim(s) objected to: 37 and 38.

Claim(s) rejected: 1 3-5 and 7-10. ,

Claim(s) withdrawn from consideration: 1115. A _ . . . _

8.l:] The proposed drawing correction filedron __ is a)I_-._| approved or b)l:] ‘disapproved by the Examiner. .
9.[:l' Note the attached Information Disclosure Statement(s)( PTOi1449) Paper No(s_). __. Y‘"T

10.l:l- Other:

, TOM: Tl-IOMAS »
v - - . ERVISORY PATENT. EXAWWR

. ()5. Patent and Trademark Office > ' .
PTO-303 (Rev. 0401) A _ Advisory Action Part of Paper No.’ 1L0
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.. Continuation Sheet(‘PTO-303) ' I . -4 I Application No.
09/596,415 . - "N/r

) .

Continuation of 5. does NOT place the application in condition for allowance because: Hong et al. discloses forming—a first film (48-)
containing nitrogen (TiWN, TiAlN,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. ’ - ~ ' ‘ “‘ V

l
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V PTOISB/30 (101200 A
y Approved for use through 10/31/2002 OMB 0651

U.S.“ Patent and Trademark Office: U.S. DEPARTMENT OF COMME CE
ber.

‘ " " FOR V IIlng'Date

CONTINUED ExAMINATloN (Ree)  Fig;  
 TRA“~°'“'"AL    oI 2 _1 . d . d . Arrunlt 1

" _Ar_Jdressto: _: . . ' _ A - » .

Box RCE 1 V . _
Washlngton, DC 20231 ' ' d/lttornyey Docket Numbe 13715 .

I 3 This Is a Requstforcontlriued‘Examlnatlon (CE) under 7 CFR 1.114 of the aove-identlfled appllcatlon
Request for Continued Examination (ROE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June
8. ‘ ' V - A -. ' . / 1 -

._ Submission reqqm under 37 CFR §1.114
a'LE| Previously s'ut_Jrnittedfl A

vi. [I Consider the amendment(s)lrep|y under 37 CFR §1.116 previously filed on
j (Any"unente"red-arnendn1,ent(s) referred to above -will be entered).
".7 Consider he a'r'gur'n_ent’s in the'Appea| Brief or Reply Brief previously filed on

Efl?0;th _ri_t -

\ iii. C1 A information Disclosure Statement(lDS}«";
iV- B Other" - , Petition for Extension of Timefwi’ ' L" '

. . ._ - c.':'_::.*,_ [.7 .

' {:5Ln onthe above-identified aVppl_ic_ati:on‘ is requested under 37 CFl€§1.103(c)
' th'_s :('Perlod "of suspension shall not exceed 3 rnonths; Fee under 37 CFR§1.1'$) required)

ace fee under 37 '6r=R §1_§‘17(e) 1; required by 37 CFR $51.1 14 when the RC5 is filed.
as . The DA‘ _"c'to1_7i's_V_hjer"eb‘y authorized to charge the following fees, or credit any overpaymentsrto

I 5- El Check in theamount of$' enclosed

"Deposa_t'4A¢cqu'nt No; .' 12-l013/SSMP-' . .
. RCE_fee.Vre,qul_ired under 37 CFR;§1.17(e) ' on/12/aooe AlllJNDllF1 00000024 09595415

t ~ Extension ofztrrne fee (37 CFR §§1.135 and 1.17) d 01 mug . mm up4 an “L C12} d Other

I . Peyrhent by credit card (Form PTO-2038 enclosed)
W'ARNll*lG:' lnformatlon on this formmay become public.» Credlt card Information should not

‘ ‘eluded ondthls form,’ Provide credit card lnformatlon and authorization on PTO-2038. 1

_ReglstmtIon NO.(Artomey/Agent) 30,749. . » -»

" . It si:ejn()i-'r_i,iléE:ol¢'}ll5i5LlcAlvr,'A’rroRlvE.x on-AGENT REIQUIREDM

"1 V August's, zoo: »

H be lsbelng dep9slte_d‘_wlth the United tatés Postal Service with sufficient postage as first class mail in, . In P
lsslorje_r For Patents. _Boc RCE. W ngton. DC 20231. or facsimile transmittedto the U.S. Patent _.

1

. Patent and Trademark Office. Washington, DC 20231; ‘

.If

d’o&%nd|n?J‘u n the needs of the individual case. Any comments on "on, cer .

END Fees and ornpleted 'Fon'ns to the-following address: Assistant Comnjlssloner for. ' 1 ‘
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COPY OF 1-w.?Er1:s

ORiGitNALt.*1‘ FILED
——.v:-nu nsw- - ..—.--nu-can

. - PTO/SB/30 (10/2001) _

Approved for use through 10/31/2002 OMB .0651-0031v _ - U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

‘REQUEST 2

7 CONTINUED EXAMINATION (RCE) ‘
1 *RA"S“””'- 1   i

Address to: ' - _ -

. Box RCE v 1 _ ' ' ~ -

This is a Reqest for Continued Examination _(RCE) under TCFR 1.114 of the aove-identified application
. Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filedprior to ‘June "

8' . I . , .

1-
a. U Previously submitted 1

i. [I Consider the amendment(s)/reply under 37 CFR §1.116 previously filed on

(Any unentered amendment(s) referred to above will be entered). '

_ii- CI Consider the arguments in the'Appea| Brief or Reply Brief previously filed on
_ iii. CI Other‘ ‘ . ‘ .

b- Enclosed 1 O , O J" Z n »
i- Amendment/Reply _ 1 iii. Cl lnformation.'Disciosure Statement (IDS) 2;] 1
“-4 C] Affidavit(s)/DeC|aration(s) ‘ iV- 8 Other Petition for Extension of Time 0‘ _........_..___.......__——__._jc:_—._._...__ _

2_ Miscellaneous ’ ' V

8: Cl 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) required)

b- D Other ‘ - A ‘ ' .

3. M The RCE fee under 37 CFR §1.17(e) is required by 37 CFR §1.114 when the RCE is filed. V
a. The Director is hereby authorized to charge the followingvfees, or credit any overpayments, to

Deposit Account No. 19-1013/SSMP - ' '

i. RCE fee required under 37 CFR §1.17(e) 5
ii- N Extension of time fee (37 CFR §§1.13e and 1.17) -
iii. 1:] . Other

b- ' Check in the amountvof$ 140,0Q[110,00 enclosed

0- Payment by credit card (Form PTO-2038 enclosed)

WARNING: information on this form may become public. Creditucardvi information should not
be included on this form. Provide credit card information and authorization on PTO-2038.

SIGNATURE OF APPLICANT, A TTORNEY, OR AGENT REQUIRED
Nam '(Pn’nI/ype) ' I Paul J. Esatto, Jr. R V Ragirration No. (Attomey/Agent) 30,749 ; _ AI I

CER u=IcA TE or Al is R TRASMISSIO
I hereby certify‘ that this correspondence is being deposited with the nited States Postal Service with sufficient postage as first class mail in

an envelope addressed to:‘ C’_\mrnissioner For Patents. Boc RCE. ashington. DC 20231. or facsimile transmitted to the U.S. Patent
andTrademark ' - : ' - ' '

WileMW1 5- = «.

:Il_

Burden Hour Statement: This font: is tlmated to take 0.2 hours to comp te.' ime ,wl| va de nd|ngJu n the needs of the individual case. Any comments onthe amount of time u are re uired to complete this form should be sent to‘. e Chief lnforrna on icer. . Patent and Trademanc Office, Washington, DC 20231.
DO NOT SEND F ES OR C MPLETED FORMS TO THIS ADDRESS. S ND Fees and Completed Forms to the following address: Assistant Commissioner for

_ Patents, Box RCE. Washington", DC 20231. '
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'09/577»,70_2 ‘

I PATENTS ~

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE"

Applicant(s): MasayoshiTagami,et 0‘ Examiner: H. Vu

Serial No.: 09/596,415 Art Unit: 28171

Filed: 3 June 19, 2000 Docket’: 13715 '

For: MULTI-IJAYERED WIRING. , Dated: I ] Au_gust‘5,2002
A LAYER AND METHOD OF '

V FABRICATING THE SAME '

Assistant Commissioner for Patents

United States Patent and_Trademark Office

Washington, D.C. 20231 M A '_

' PRELIMINARY AMENDMENT UNDER 37' C.F.'R.

‘In response to the.Final Office Action dated April 4, 2002, and the Advisory _

Action of July 2, 2002 issued in response to theiapplicantsi’ Response. Afterffinal A

Rejection Under 37. CFR 1.116 of June 4, 2002 and the telephonic intervtew’§€5‘vit1t;._=g»_
. . , _ . . «:11» }:.;3

the applicants’ ‘representative,’ Anthony N. F_res‘co,. on July 29, 2002, the appliéant7§,
1 , ' . - {TF2 V

respectfully submit the following Preliminary Amendment in conjunction

concurrently-filed request for continued examination (RCE): I

CERTIFICATE OF MAILING 37 C.F.R.'§. .I.8§a[ I
I'hereby certify that this corresppondence i .,,_being deposited With the United p

‘States Postal Servicelas first class mail in an env lope addressed to: "Assistant

Commissioner for Patents; Washington, DC. 202l<.1~_, on August 5_, 2002.
. A ~ \ -V ,. 1

Dated: Angnst 5, 2002

G:\nec\l 2l0\l’37l $\amend\l 37 l 5.arn4
.7"; 2

1.5”] V. ‘.‘__I_J_/
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v09/577,702

Please amend claim 1 to read as follows:

’ 1. (Twice Amended) A barrier film preventing diffusion of copper

from a copper wiring layer formed on a semiconductor substrate, comprising a ' _ _
multi-layered structure of first and second films,

said first filmlbeing composed of crystalline metal containing_

nitrogen therein,‘

said second film being composed of amorphous metal ‘nitride,

saidbarrier film beingyconstituted of common metal atomic species, ..

said first film being formed (in said second film,

said first film in direct contact with said second film,

said first film containing ni-trogen in a smaller content than that of.
said second film.

Please amend claim 5 to read as follows:

5. (Twice Amended) A multi-layered wiring structure comprising a

barrier film which preventsdiffusion of copper from a copper wiring layer formed

on a semiconductor substrate,

said barrier having a multi-layered structure of first and second. '

films-,

I‘ ‘ said first film being composed of crystalline metal containing

nitrogen therein, p

, said second film being composed of amorphousmetal nitride, ‘ '

Gi\nec\l2l0\l3715\an1end.\l37l5.am4 ,_ /r.—-.‘‘
l,
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09/577,702‘

saidlbanier film being constituted of common metal atomic_species,

said first film being formed on said second film,

said first film in direct contact with said second film, -'
said first containing nitrogen in a smaller content than that of

said second film.

REMARKS

This Preliminary Amendment and theconcurrently filed RCE are

' submitted in response to the Final Office Action dated April 4, and

"respectfully requests that the’Examiner reconsider the rejection of the claims as set

forth therein. I

The Examiner objects to claims 37 and 38 as being dependent upon a

rejected base claim but would be allowable if rewritten in independent form 5

including 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 V5-‘but the Examiner considers the arguments moot view of new

grounds of rejection. V

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. 5,668,41 1 — filed July 23, 1996 4 issued * _

September 16, 1997).. 5

Hong et al is a new reference cited by the Examiner. In the first.Office

I Action, the Examiner cited Vitkavage et al. (U.S. 5,858,873 — filed March 12, 1997

— issued January 12, 1999). The ‘Examiner now asserts that FIGS. 7-10_ and Table 1

G:\nec\l2lV0\l37l5\amend1l37 1 5.am4-
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09/577,702

of Hong et al disclose the limitations of claim .1 of a barrier film preventing

diffusion of copper, from a copper wiring structure comprising a barrier which

prevents diffusion of copper from a copper. wiring layer formed} on asemiconductor ,'
substrate. V i

In the applicants’ June 4, 2002 Response After Final Rejectionillndier 37 _. "

CFR 1.1 the applicants respectfully mailntained respect to claims 1Vand_'5 1' _. ,

that Hong et alidoes not! disclose the first film being formed onthesecond film, as V
1 recited by claims 1 and 5. ‘Instead-, Hong et al, FIGS. '7 and -10I_discloses that there _"

is a seed‘ layer 46 of the _di,ffusionbarrier film positioned between the top 'laye_r,4i8" V’

and the bottom. layer 44. '

Furthermore, the applicants also argued that the top layer 48 of‘Hong et al, 3.
7 which corresponds to the first film of the present invention, contains TiN‘ or TiWN.v\

.,'

_The-bottom layer 44 of Hong et al, which corresponds to the second filrnof the

present invention, contains TiN, TiAlN, or -"l“iSiN. Therefore, contrary tovthe

Exarniner’s assertion, Hong et al does not disclose that thefirst film contains

nitrogen in a smaller content than that of the second film." lnstead, in Hong‘ et al, - . V A '

preferably, -both the first and second films be TiN, or bothcan be

Although tungsten has an atomic weight ‘of 183.784 which is greater than the F

‘ atomic weight of either aluminum or silicon, and the compound, 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 alxdoes not specify

1 that the first layer must contain nitrogenin a smaller content than that of thesecond
_ layer, as recited by claims 1' and 5. V.

G:\nec\l2l0v\l37l5\amend\l37l5.arn4 pl
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09/577,702"
o

The applicants argued that, therefore, claims 1 and 5, by reciting thatthe-7

' first film is fo‘rrned‘o’n. the second film, patentably distinguish over Hong‘ et all

Furthermore, in the best modedescrinbed by Hong et al, the nitrogen content of the _

first and second films are equivalent, being comprised of TiN, Furthermore, Hong

et al does not teach or suggestany particular advantage of thefirst film being

comprised of TiWN while the second film iscomprised of l"iN or TiAlN.

In the Advisory‘ Action of July 2, 2002, the Examiner rejected the foregoing

arguments, asserting that Hong et al. discloses forming a first film (48) containing

nitrogen (TiWN, T-iAlN, TiSiN or TaSiN) in a smallercontent than that of the

second film (44) which T.iN or. The Ex_aminer’s position filrther is, that

_ Hong. et al also discloses forming the first film (48) on the second film (44). The V

Examiner noted however.-that the claimed language does not state whether the first‘

film is formed on and-in direct contact ‘with the second film. 0
H V In response, in a facsimile sent on uly 25, 2002 to the

Examiner, theapplicants proposed amendments to claims 1 5 to recite “said ‘
first film in direct contact with said seeond film”.

V 4 In a telephonic interview, with the Examiner on.July 29,

2002, based on the proposed amendments to claims 1‘ and 5 sent by _facsimile,_the

Examiner indicated to the applicants’ representative, Anthony N. Fresco, that the

proposed amendment to claims 1' and'5 ‘requires further search and "consideration,
a . V .

and that a RCE would be required. Therefore, the applicants are herein submitting _

this Preliminary Amendment Under 37 CVIFRV 1 3115 in conjunction with the "H

G:\nec\l210\l 37 l 5\amend\l37l5.am4.
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VERSION WITH MARKINGS TO SHOW CHANGES MADE

_In the Claims:

Claim 1 has been amended as follows:

. 1. (Twice Amended) A film preventing diffiision of copper

from a copper wiring- layer formed on a semiconductor substrate, comprising a

multi-layered structure of first and second films,

said first film" being composed of crystalline metal containing

nitrogen therein,

said second film being composed‘ ofamorphous metal nitride,

said barrier film being constituted of common metal atomic species,

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 of

said second film.

Claim 5 has been amended as'4follows:'

5. (Tiwice Amended) A multi-layered wiring structure comprising a

barrier film which prevents diffusion of copper iifromia coppervwiring layer formed
on a semiconductor substrate, I

said barrier film having a ‘multi-layered structure of first and second’

said first -film" being composed of crystalline metal containing

nitrogen therein,

said second film being composed of amorphous metal nitride,

G:\nec\l2l0\l 37 l 5\amend\l37l5.a’m4
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concurrently filed RCE to enter the amendments to claims 1 and to recite“salid _

first film in direct contact with said second film ”. No new matter has been added.

With -'>_re‘gaird to claims 3-43 and 7-10, in view of the applicants’ amendments

V to claims 1 and 5, which the appl-icants respectfully maintain establish clairns 1 and

5 as patentably distinguishing over Hong et al, the applicants maintain, that ‘claims

3-4_and 7-10 also patentably distinguish over Hong et al. ‘

The foregoing Remarks establish the patentable nature of all of the claims H‘

currently in the application, ii.e. claims 1, 3-5, and 7410 and 37-358. Claims 2,'and 6» M C‘

. were previously cancelled." Claims 37 and 38 are objected to as being dependent

"upon a rejection base claim but would be allowable if rewritten in independent 3 I

form to include‘ all of the limitations of the base claims and any intervening claims-. _

No matter has been added and no new issues have been raised, wherefore, early and _

favorable reconsiderationand issuance of a Notice of Allowance are respectfully t "

solicited.‘

Respectfully submitte ,

 MW M.  5
Anthony N resco .

Registration No.: 45,784 '

SCULLY, SCOTT, MURPHY & PRESSER
400 Garden City Plaza - ’

Garden City, New York 1_1530 -

‘ (516) 742-4343/4366 FAX '

'ANFyd

Enclosure: Version with Markings to Show Changes Made\

G:\nec\12l‘0\l3'7l5\amend\l37l5.am4
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09/577,702 ’ _' i

said barrier film being cons_tituted of common metal atomic -species, x .» I

said first film being formed on said second film,

said first film in direct contact with said" second film

said first film containing nitrogenin a smaller content than that of,-
said second film.

G:\nec\l210\l37 l 5\amend\l3‘7 l S.am4



        
 

   

 

   

 

   

  

         

  
 

   

    

     

                      
     

         

    

  

       

    

  

      

  

    

 
 

          
                

     
       

                
           

       

   

 
  

  

    
   

    
 
   

 

        
      

          
     

  

 

     

 

       

 

 

 

 

  

 

  

Page 250 of 333

‘ PETITION FOR EXTENSION OF TIME UNDER 37VCFR 1.136(a) __ - _ Docket No. V A ’
‘ « ' (Large Entity) l 7 _ A ‘ 13215

Serial No. .. A ' Examiner’. Group /Art_Unit

09/596,415 _ .- W ' _ H.Vu

ll

I

I TO THE ASSISTANT COIVIMISSAIONER FOR PATENTS:

This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a response to the Office Action
of 4 - A'ril4 2002 above~identified application. v ‘' Dare - ' ’ ‘ . I

The requested extension is as follows (checkl time period desired): ‘ T
. One month Cl Two months . Cl Three months Cl Four months

front‘: _ July 4, 2002 I until: ' 0 August 4, 2002' _'
Dare ‘ »- Date

The fee. for the extension of time is_ $110 and is to be pa_id as follows:

E] A check in the amount of theifee is enclosed. ' _
_ The Commissioner is hereby authorized to charge any fees-.which may be required. or credit any

overpayment, to Deposit Account No. 19-1013/SSMP ‘ ‘ ‘ ~

A duplicate copy of this sheet is enclosed. _ _

E] ' If an additional extension. of time_is required, please consider this a" petition therefor and charge 1

any additional fees which may be required to Deposit Account No. 019-1013/SSMP

M A duplicate copy of this sheet is enclosed. ' ‘ ‘

Dated: August 5, 2002
Signature ' 0

Anthony N. Fresco .

Registration No. 45,784

scvwnscom Mvmw 2 1,ri::;‘:s.*:a;.,:,*;is ::‘::,.:.:¢::::°:s
400 Garden City Plaza " 5:1 ’ ”\ ' ‘ ‘ '' I I tclass mail under”\37 C:F.R.’1.8 and is addressed to the
‘Garden City, New York 11530 ' ’ Astslstant Comrriis_sio?rei’/fc§'r.._.Pal,e(1ts.- Washington, D/"C.
(516) 742-4343 I‘ ' 1 ‘

"oa/1/eooenuonnnri ooo(>oo2i69s9e415 A .0 '\ A. . .:. V \
110.00 DP

\Sinatra oPerso M_¢1I'ling.|(\I'\fi’esp'o -I enc .-
Mishelle Musta‘

4 Typed or Printed Name afPerson Mailing Correspondence

P12LARGEIREVO6
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PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a)

' * - (Large Entity). ,

‘ In Re'Application Of: Masayoshi Tagami, eta].

Serial No. ' ’ ' y GroupArt Unit
09/596,415 . June 19, 2000 " " . . - 2311

lnvention:_ ‘MULTI-LAYERED WIRING AND METHOD OF FABRICATING THE SAME

copy OF PAPERS
ORIGINALLY FILED

TO THE ASSISTANT COMMISSKDNER FOR PATENTS:

This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a response to the Office Action.
of A ri14 2002 above-identified application. ~_ I ADate .

-The requested extension is as follows (check time period.desired):T _

One month, Cl Two months Three months Cl Four months Cl Five months

from 1. July 4, 2002 y until: August 4, 2002
Date Date

The fee for the extension of time is $110 and is to be paid as follows:
‘ Afcheckvin the amount of -the fee is enclosed,

E] The Commissioner is hereby authorized to charge any fees which may be required, or credit' 2'11‘

overpayment, to Deposit Account No. 19-1013/SSMP _-,1:

A duplicate copy of this sheet is enclosed. . y - V
El 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 duplicate copyiof this sheet is enclosed.

/71» %Q20«C0’ ' ‘ Dated: August 5, 2002
Signature

(‘I
rt‘.
:3:-_

Anthony N. F sco ,

Registration N0. 45,784

» . » I certify that this ocument an/d..fee/is being deposited
SCULLFC SC(_’TTa MURPHY 5‘ PRESSER _ 0 ‘August 5,2002 @(witfi the u.s. Postal Se ice as
400 Garden Cm’ P'3z_a ‘ _ flret class mail under 37 1.8 and is address
Garden -City, New York 11530 E .1 Assistant Commissioner fo ‘Patents, Washingto , D.C.

l
i

(516) 742-4343 ‘ I , 20231.‘: 1‘ _

Mishelle Mustafa

Typed or Printed Name ofPerson Mailing Correspondence

P1 ZLARGE/REV06



    
     

   
   

  

 

  

  
 

               
                 

                   
                    

               

       
        
          
                 

          

          

             
                    

   

    
                   

            
                 

                   
                 

                 
             

      
               

        

                  
                   

                      
                    

                
          

            
             
         
             

    

 
  

  
     

         

  

             

    

Page 252 of 333

Transaction History Date _2_<2g—_Dif_
Dale Inlorrnalion retrieved from USPTO Patent" T

Application Information Retrieval (PAIR) 4 .
system records at www.uspto.gov

I ’ ( Application No. 3 App|i2:ant(s)

. No tice 09/596,415 TAGAMI ET AL. .Examiner V Art Unit

Hung K. vu H ‘ . 2811

-- The MAILING DA TE 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’
ofthe 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. IX The allowed claim(s) is/are 1' 3-5 7-10 37 and 38.

3. E] The drawings filed on are accepted by the Examiner.

4. Acknowledgment is made of a claim for foreign priority under‘35 U.S.C. § 119(a)-(d) or (f).
. a) E All b) [:1 Some‘ c) E] None ofthe: '

1. E Certified copies of the priority documents have been received.-

) 2. El Certified copies of the priority documents have been received in Application No. __

3. [:1 Copies ofthe certified.copies ofthe priority documents have been received in this national stage application from the
International Bureau (PCT Ru|e.17.2(a)). ’

" Certified copies not received: _.

5. I: Acknowledgment is made of a claim for domestic priority under‘35 U.S.C. § 119(e) (to a provisional application).
(a) E] The translation of the foreign language provisional application has been received. I

6. E] Acknowledgment is made ofa 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 ofthis application. THIS THREE-MONTH PERIOD IS NOT EX_TENDABLE.

7. D A SUBSTITUTE OATH OR DECLARATION must besubmitted. Note the attached EXAM|NER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath ‘or declaration is deficient.

8. E CORRECTED DRAWINGS must be submitted. I M _ .
(a) E» including changes required bythe Notice of Draflsperson"s Patent Drawing Review( PTO-948) attached

1) [Z hereto or 2) E] to Paper No. :. h ' V‘ ' , g
(b) D 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 3.7-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. E] DEPOSIT OF and/or INFORMATION about the deposit of_B|OLOG|CAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachm'ent(s).

18] Notice of References Cited (PTO-B92) ‘ _ 2[:| Notice of Informal Patent Application (PTO-152)

3E Notice of Draftperson‘s Patent Drawing Review (PTO—948) J 4[:_I Interview Summary (PTO-413), Paper No._‘_ .
5!] Information Disclosure Statements (PTO-1449), Paper No. _’____. ‘ 6E Examiner's Amendment/Comment .
7l:I Examiner's Comment Regarding Requirement for Deposit 8E Examiner's Statement o-f Reasons for Allowance

of Biological Material 1 9D Other . fix
. \ \'_) evva \ \’\° "‘4"""’§

TOM THOMAS
.

SUPERVISOHY PATENT EXANIINE
may RENTER 2800U.S. Patent and Trademark Office

PTO-37 (Rev. 04-01) ‘ Notice ofAlIowabiIity . . Part of Paper No. 14 .



    

  

 

                

         

  

          

            

               

               

            

            

            

                 

                

           

              

            

Page 253 of 333

V Application/Control Number: O9‘/596,415-H
Art Unit: 2811

Examiner '5 Amendment, .

1. This application is in condition for allowancepexcept for the pr encelof claims 11-39 to

invention non-elected without traverse." Accordingly, claims 11-’ 6 have been cancelled.

Allowable Subject Matter

The following is an examiner's statement of reasons for allowance:

Applicants'_clairns 1, 3-5,7.-10 and 37-38 are allowable over the references of record

because none of these references disclose or- can be combined .to yield the claimed. invention such

as the barrier film preventing diffusion of copper from a copper wiring layer formed on a

semiconductor substrate comprising, a multi-layered structure of ‘firstnand second films, the first

film being composed of crystalline metal containing nitrogen therein the second film being .

composed of amorphous metal nitride, the barrierlfilm being constituted of common metal . . ‘

atomic species, the first film being formed on thepsecond film, the first film in direct contact with

the second ‘film, the first film containing nitrogen in a smaller content than that of the second
film.

-Any comments considerednecessary applicant must be submitted n6 later than the

payment of the issue feeand, to avoid processing delays, should preferably accornpanythe issue’

fee. Such submissions should be clearly labeled "Comments on Statement of Reasons for

Allowance."
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Application/Control Number: O9/596,415 Page 3

Art Unit: 2311 ’ ‘
K’

Conclusion

3. Papers related to this application may be submitted to Technology Center (TC) by '

facsimile transmission. Papers should be faxed to‘TC 2800 via the TC 2800 Fax center located

in Crystal Plaza 4, room 4—C23. The faxing of such papers must conform with the notice

published in the Official Gazette, 1096 0G 30 (\l\.Iovember 15, 1989). The Group 28711 Fax I
Center number is (703) 308-7722 and 308-7724. The Group 2811 Fax Center is to be used only

for papers related to Group 2811 applications.
\
'\

Any inquiry concerning this communication or any earlier communication from the 7

Examiner should be directed to Hung Vu”who'se telephone number is (703) 308-"40‘_7)9. The _

Examiner is in the Office generally between the hoursof 7:00 AM to 5:30 PM (Eastern Standard

Time) Monday through Thursday.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's

supervisor,‘ Tom Thomas, can be reached on (703)308-2772.

Any inquiry of a general nature or relating to the status of this application should be

directed to the Technology Center Receptionists whose telephone number is (703) 308-0956.‘

. <__$ V

\\:> ""'\ "~*'f~*v

Vu 7 - 7 .T0M'T“.9.W5  
' ' C SUPERVISORY, EXNWNER

September 6, 2002 _ A _ h ‘I TECHNOLOGY ('v’-E‘NTE‘R'2B00 .
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Application/Contr/qLNo:' Applicant(s)/Patent Under/ - Reexamination
. \ "\

‘J 09/5954 « ‘ I TAGAMI ET AL.
Notice of References Cited

Hufig K V" Page 1 of 1
U.S. PATENT DOCUMENTS

DocumentNumber Date ' . t __ . >
Country Code-Number-K_ind Code ‘MM.YYYY Namei Classification

. /"
—
_/ V

, EiocumentNuml:ier Date ’ r r r '
Country Code-Number-Kind Céde MM-ww C°“'.“'Y Name C'a55'.fi°a‘!°",

IJP9-293690 “-1997 JAPAN i —  

‘A copy of this reference is not being furnished with this_Offica action. (See MPEP§ 707.05(a).)
Dates in MM-YYYY format are publication dates. Ciassiflcatione may be US or loreign.

US. Patent and Trademark Office ‘ V ' ' - i ‘
PTO-892 (Rev. 01-2001). Notice of References Cited > Part of Paper No. 14
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Form PTO 948 (Rev. 03/01) US. DEPARTMENT OF COMMERCE - Patent and Trademark Office ' Application No.

. NOTICE’ oi: ortAE.T's_;i)E'ii-so-i$I.'s '
PATENT DRAWING :»R-EV.I'EW

.‘.r.i

.. .are: .. .
approved by the Draftspersn unde 37 CFR 1.84 or 1.152.

objected to by the Draftsperson under 37 CFR 1.84 or 1.152 forlthe reasons indicated below. "The Examiner will require
submission of new,-corrected drawings when necessary. _ Co,rrec_ted_ drawing must be su_mi_tted‘ according tothe instructions on the back of this notice.

. DRAWINGS. 37 CFR 1.84(a): Acceptable categories of drawings: 8, ARRANGEMENT or VIEWS. A37 CFR1.84(i)
Black ink. Color. Words do-not.app_ear-on a horizontal, left-to-right fashion

Fig(s)

Pencil and non black ink_ not permitted: Fig(s) V
. PHOTOGRAPHS. 37 CFR I'.84(b) ' C

‘ 1t’uIl-tone set is required. Fig(s)' <. I i .
Photographs may. not be mounted. 37 CFR I.84(e) _
Poor qualit filf-tone). Fig(s) ' I

R-. 37-CFR 1.84(e)"
not flexible, strong, white, and durable.

Erasures, alterations, overwritings. interlineations Q,

folds, co Fig(s)
.__ Mylar, velum paper is not acceptable (too thin).

Fig(s)T _
. SIZE OF PAPER. 37 CFR 1.84(t): Acceptable sizes: ‘

21.0 cm by 29.7 cm (DIN size A4) ' '
21.6 cm by 27.0 cm (8 .1/2 x 11 inches)
All drawing sheets not the same size. -
Sheet(s) . -' ' . V

__ Drawings sheets not an acceptable size. Fig(s)
. MARGINS. 37 CFR 1.84(g): Acceptable margins:

Top 2.5 cm Left 2.5cm Right 1.5 cm Bottom 1.0 cm I
I ' SlZE:,A4 Size, '

:LeI‘t 2.5»cm'Ri ~ . _ ‘Bottom 1.0'cm I
SIZE: 81/2 V ‘ _ -

s not acceptable. ' -w ‘ '
Top (T) ~ Left (L)
Right (R) Bottom (B)

. VIEWS. 37 CFR 1.8-1(h)
REMINDER: Specification may require revision to
correspond to drawing changes.
Partial views. 37 CFR I.84(h)(’.Z)
__ Brackets needed to show figure as one entity.

Figts) ‘ -
Views not labeled separatelyior properly.
Fiets) ~

__ Enlarged view not labeled separetely or properly.
“ Fists)

7. SECTIONAL VIEWS. 37 CFR 1.84 (h)(3)

Fig(s) ~ I -
Sectional designation should be noted with Arabic or
Roman numbers. Fig(s) i

COM MENTS

REVIEWER

ATTACHMENT To PAPER NO.

‘id 1/‘ V . . ‘

Color drawings are not acceptable tintil petiton is granted.

Hatchingnot indicated for sectional portions ofan object.

‘ when page is either uprigh1;'c_)r fur‘ne'd so that the'._top
becomes the right side, except for graphs. Fig(s)

9._ SCALE. 37 CFR 1.84(k) .
' ' Scale notilargie enough toshow mechanism without g

crowding‘when drawing isfredticed in size to two-thirds in
:reproduction. ' - ‘

I Fig(s) " . A
10.- CHARA OF LINES," NUMBERS, & LETTERS:

_37 OF_ 3.1-.84(i)‘ 1 A - A ' x
Lines, numbers & letters not uniformly th
defined, lean, ,
Fi2(S)_ _"._ ._‘.

11. SHADING. 37 CFR1.84 rn)
__ Solid black areas pale. Fig(s) ______ I

' . .___ Solid black shading not permitted. Fig_(s) . -
v - Shade lines, pale, r_ough and blurred. -Fig(s)-‘ _'

‘I2. NUMBERS, LETTERS, & REFERENCECHAIIACTERS.
37 CFR I.84(p) - ' A

‘I Numbers and reference characters not plain and legible.
'Fig(s) " . .
Figure legends are poor. Fjg(s)
Numbers and reference characters-not,ori_e_nted in»the_
same direction as the_view. 37 CFR 1.84(p)(1)
Fig(s) 7 ' .
English alphabet not used. 37 CFR I.84(p)(=2)'
Figs. -- I .

‘ Numbers, letters and reference characters must be at least
.32 cm (1/8 inch) in height. 37 CFR if84(p)(3)'
Fiets) - '

.. LEAD LINES. 37 CFR l.84(q)_
Lead lines cross each other. Fig(s)r -

14. NUMBERING OF SHEETS OF DRAWINGS. 37 CFR1.84(t)
Sheets not numbered consecutively, and in Arabic numerals
beginning with number I. Sheet(s)

15. NUMBERING OF VIEWS. 37 CFR1.84(u)
' Views not numberedconsecutively, and in Arabic numerals,

beginning with number 1. Fig(s)'
16. CORRECTIONS. 37 CFR 1.84(w)

Corrections not madefrom prior PTO-948
-dated ’ '

17. DESIGN DRAWINGS. 37 CFR 1.152
j Surliiice shading shown not appropriate. Figts)
__;_ Solid black shading not used for color "contrast.
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Attachment for PTO-948‘ (Rev. 03/01, or earlier)
- _ "V 6/1_s/01, . '

The‘ below text replaces the ipre-printedtext under the heading,
“Information on How toEffect Drawing Changes,” onthe back '
of the PTO-948 (Rev. 03/01, or earlier) form.‘ f

INFORMATION oN Howfro EFFECT DRAWING CHANGES

1. Correction of [nformalities - 37 CFR/«I:-8T5-—

-New corrected drawings must be filed with the ‘changes incorporated therein.
Iden_tifying indicia, if provided, should include-the title of the invention, .
inventor’s name, and application number, or docket number (if any) ifan I
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 Aliowability (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 provisionsrof 37 CFR l.136(a) or (b) for filing
the corrected "drawings afier the mailing-of a Notice of Allowability. The '

‘ drawings shouldibe filed as a separate paper with a trarismittal’ letteraddreissed to
the Official Drafisperson. -. ’ e

2. Corrections other than Informalities.Not'ed by Draftsperson on form PTO- i V

948. ‘ ' '/; '

All changes to the drawings, otherthan inforrnalities 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 ' ‘
drawingsMUST, be approvediby the examiner before the application will be
allowed. ‘No changes willtbe permitted to bemade, 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). T ‘ ‘ -

Failure to take corrective action within the set period will result‘ in ‘
ABANDONMENT ofthe application. T ' ' R '

06/0 I /O1
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UNITED STATES PATENT AND TRADEMARK OFFICE - . . »‘ ‘ U'NITE_£_)T~,, TATES ‘DEPAI1.TMEN'1.“0.'P-COMIVIERCE
United sjitfia _l'-‘ntenv. nnd Trndemqiik-Officc 'Address: COMMISSIONER OF PATENTS AND TRADEMARKS

Washington. DC. 20231

‘NOTICE or ALLOWANCEAAND FEE(S) DUE _
7590 09/10/2002

Paul I Esatto Jr ' . .1 I ' A. A ' EXAMINER
Scully Scott Murphy & Presser . ' .‘ ' VU, HUNG K
400 Garden City Plaza ' ' ‘
Garden City, NY 11530 I A .  1

2811 2j}s;00’6
DATE MAILED: 09/10/2002 I . 9' V '

APPLICATION No. , 3 ‘ FILING DATE ' FIRST NAMED INvE_NI;pI=.~ I v _, I ATTORNEY DOCKET No. CONFIRMATION NO:
09/596,415 av 06/19/2000 - Masayoshi jgagami " A I 3425M" I. _,,.

TITLE OF INVENTION: MULTI~LAYERED ' WIRING LAYERAND METI-IO OF FABRICATING THE SAME
/

u

APPLN. TYPE SMALL ENTITY PUBLICATION FEE TOTAL FEE(S) DUE DATE DUE -
NO I $1280 $0

nonprovisional _ q ‘ $1280 ‘ I , 12/10/2002

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ‘ALLOWED FOR ISSUANCE AS A-PATENT.’ . '
. Qfl 111; L/[E31115§. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS." 1

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 II-[REE M-QNIES FROM THE
MAILING DATE OF THISNOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STA I UTQRY

EERIQQ CANNOT 1_3E .SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE REFLECTS A CREDIT‘
FOR ANY PREVIOUSLY PAID ISSUE FEEAPPLIED IN THIS APPLICATION. THE PTOL-85B (OR AN EQUIVALENT)
MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO‘FEE IS DUE OR THE APPLICATION WILL BE REGARDED AS
ABANDONED. I ’ .J

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. ‘ ' ' N

B. If the status is changed, pay the PUBLICATION FEE (if required) B. If applicant claimed SMALL ENTITY‘ status before,- or is now 7
and twice the amount of the ISSUE FEE shown above and notify the claiming SMALL ENTITY status, check the box below and enclose
United States Patent and Trademark Office of the change in status, or the PUBLICATION FEE and 1/2 the ISSUE FEE shown above.

121 {Applicant claims SMALL ENTITY status.
See 37 CFR 1.27.

_ 11. 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)ihave already 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)-Transmittal should be

completed and an extra copy of the form should be submitted. L ' -

III. All communications regarding this application must give the applicationkriumber. Please direct all communications prior toiissuance to
Box ISSUE FEE unless advised to the contrary. :_ ‘ ‘

‘IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due. "

Page ‘1_of4-.'
. PTOL~85 (REV.‘ 04-02) Approved for use through 01/31/2004.



      

   

      
  

  
 

                       
                      

                        
  
                           

           
         

              

         

               
            

               
        

 

           

     

           

            

     

   

    

                    
           

                 
            

         
                

                  
        

              

                          
                       

          

                         

         

            

           

                    
         

                          

  

              
               

             

              
                  

              
            
            

              
             

           
          

     

              
          

    

                  

Page 259 of 333

PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Box ISSUE FEE' . , ‘Commissioner for Patents
Washington, D.C. 20231

_ q - Ea; (703)746-4000 ‘ .
 

appropriate. All further correspondence including the Patent, advance orders ar_id_notification of maintenance fees will e mailed to the current corres ondence address asin icated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate " EE ADDRESS" formaintenance fee notifications. ‘ ‘ - .
CURRENT CURRt51’U“5'EN'CE KUUESS 151°!“ 585 Y "WE-“P ‘"111 “HY °°"=°1|°“3 0' '1“ 5 “E 11 Note: A certiiicate of mailing can only be used for domestic mai ings 0? the

7590 09/10/2002 Fee(s) Transmittal. This certificate cannot ‘be .used for any other. » accom anying papers. Each additional paper, such as an assignment or
Paul J Esatto Jr 1 ‘ forma drawing, must have its own certificate of mailing or transmission. V

Scull)’ Scott Murphy & Presser " 1' ' ' ‘ I ' Certificate of Mailing or Transmission

40° G““‘°“ City P13" 1 A b.‘.‘i‘i2‘Zi’Eu§Z‘§‘€¥,s1E.‘f‘Eé$ic§$§?i3 $?%‘liL‘ll§‘“l,s1ig‘Ze12§r‘i§?‘éi2.2i“m“§l1‘1n‘E.‘§
Garden C11)’: NY 1 1530 ‘ envelope addressed to the Box Issue Fee adpdress above, or being facsimile.- - ' transmitted to the USPTO, on the date indicated below. '

1 ‘ , _ 1 _ (Deposilofs name)

‘ _ ‘i ' A (Signature) 1

APPLICATION NO. FILING DATE _ FIRST NAMED INVENTOR ATTORNEY DOCKET NO, ' CONFIRMATION NO.

09/596,415 06/19/2000 Masayoshi Tagami _ . 13715 , 3425

TITLE OF INVENTION: MULTI-LAYERED WIRING LAYER AND METHOD OF FABRICATING THE SAME ‘

APPLN. TYPE SMALL ENTITY 1 ISSUE FEE PUBLICATION FEE ' TOTAL FEE(S) DUE ~ ._ DATE DUE

_ NO $0 Vnonprovisional $1280 $1280 ‘ ' 12/10/2002

. , EXAMINER _ ART UNIT CLASS-SUBCLASS ,

. VU, HUNG _ 2811 257-751000

1. Chan e of correspondence address or indication of "Fee Address" (37 _ _2_ For printing on the patent front page, list (1)
CFR 1- 63) ' the ‘names of up to 3 registered patent attorneys

El Change of corres ondence address (or Change of Correspondence 0.‘ agents OR’ allemativelx’ (2) ‘he mm? of 3
Address fonn p-I-0 B/I22) attached. ' single firm (having as a member a registeredv tt ' t d th f t 2
Cl“Fee Address" indication (or "Fee Address" Indication form a Omey or age“) an 6 names 0 up 0
PTO/SB/47' Rev 03-02 or more recent) attached Use of a Customer registered patent attorneys or agents’ If no name
Number is ’requh.ed_ _ _ ' ' , is listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT.(P1fint or type) '

PLEASE NOTE: Unless an assigfiee is identified below, no assignee data will appear on the patent. Inclusion of assignee data is only appropriate when an assignment has- been previously submitted to the SPTO or is being submitted under separate cover. Completion of this form is NOT a substitute for 1': ing an assignment. "
(A) NAME OF ASSIGNEE _ _ (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) 0 individual C! corporation or other private group entity D government '
. 4a. The following fee(s) are enclosed: 4b. Payment of Fee(s): 1

‘D I-Ssue Fee 1 C! A check in the amountiof the fee(s) is enclosed.
0 Publication Fee , '13 Payment by credit card. Forrn PTO-V2038 is attached.

- _' > E1 The Commissioner is hereb authorizediby char e the required fee 5 , or credit an ove a merit, toD Advance Order # of ComesT‘-' Deposit Account Number y (encPose an extra copy in this fonn). y rp y . 

Commissioner for Patents is requested to apply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid is_sue'fee’to the application identified above.

(Authorized Signature) i (Date)

NOTE; The Issue Fee and Publication Fee (if required) will not be accepted from anyone
other than the applicant; a registered attome or algentg or the'assignee or other party ininterest as shown y the records of the United States atent and Trademark Office.
This collection of iniormation is re uired by 37 CFR 1.311. The infonnation is required to
obtain or retain a benefit by the pu lic which is to file (and b the USPTO to process) an
application. Confidentiality is governed by 35 U.S.C. 122 and 3 CFR 1.14. This collection is
estimated to take 12 minutes to com lete, including gathering, preparing, and submitting the

completed application form to the SPTO. Time will vary depending upon the individualcase. Any comments on the amount of time you require to com ete this fonn and/or
suggestions for reducin this burden, should be sent to the Chief ln orrnation Officer, U.S.Patent and Trademark ffice U.S. ‘De artment of Commerce Washin ton, D.C. 20231. DO
NOT SEND _FEES OR COMPLE ED FORMS TO THIS AD RESS. SEND TO:
Commissioner for Patents, Washington, DC_ 20231. ‘

U_nder_the Paperwork Reduction Act ‘of 1995, nqvrgersons are required to respond to acollection of information unless it displays a valid 0 control number. ‘
- TRANSMIT THIS FORM WITH FEE(S) V _

PTOIL-85 (REV, 04-02) Approved for use through 01/31/2004. OMB 0651-0033 V US. Patent and Trademark Office; US. DEPARTMENT OFCOMMERCE
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UNITED STATES DEPARTMENT OF CONHVIERCE
Unlted Staten Pntént and Trndcnmzk Dffico
Address: COMMISSIONER OF PATENTS AND TRADEMARKS

Washington, DC. 20231 ' ‘www.uspm,gov

09/5964415 06/19/2000 I Masayoshiifagami 137 l 5
EXAMINER

7590 09/10/2002 '

Paul J Esatto Jr _ , ' 1 ' - - VU, HUNG .K_
Scully Scott Murphy & Presser

400 Garden City Plaza , . .
Garden City, NY 11530 ml

DATE MAILED: 09/10'/'2'oo2

/

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The patent,-term adjustment to date is 0 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 mailing date of this notice, the term adjustment will be 0 days." ‘

If a continued prosecution application (CPA) was. filedinthe above-identified application, the filing date that
detennines patent terrn adjustment is the filing date of the most recent CPA.] ' ' -A ' ‘ ‘ *

Applicant will be able to ‘obtain more detailed. information by accessing the Patent Application Information Retrieval’ ~
(PAIR) system". (http://pair.uspto.gov) ‘ A ' ‘ '

Page 3 of 4

PTOL-85 (REV. 04-02) Approved for use through 01/31/2004.
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UNITED STATES PA11-:f~rr AND 'IléADEMARK OFFICE I . »_ V = , ' UNITED STATES DEPARTMENT OF COMMERCEUnited States Patent nnd Trndcnuirk Office
Address: COMMISSIONER OF PATENTS AND TRADEMARKS _- - .

Washington; DC. 20251
www.uapm.gav

I APPLICATION NO. FILING DATE ' ‘ FIRST NAMED INVENTQR .‘ I I ATTORNE‘/‘DOCKET NO. ‘ CONFIRMATION NO.

- I 342509/596,415 N 06/19/2000 ‘ Masayoshi Tagami ‘ " 13715
~ . ‘ EXAMINER

7590 1 09/10/2002 . ’ ‘

Paul J Esatto Jr . I VU, HUNG K A

Scully Scott Murphy & Presser - A ' ., ‘ ' g '
400 Garden City Plaza
Garden City, NY 11530 ' , ' " 28” ‘
UNITED STATES
.- DATE MAILED; 09/10/2002

- ‘ Notice of Possible Fee Increase on October 1,2002

If a reply to a "Notice 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 Qf Ba;e_n_t and Igaggmik E IQ Eisgal E 2003; Notice 9_f 1
Br_Qp_Qs_e_d Bulemalging. 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 therUSP'17O web site -for the currentfeesbefore submitting the payment. The'USPTO Internet ._
address for the fee schedule is:

If the issue fee paid is the amount shown on the "Notice of Allowance and Fee(s) Due,“ but not the correct amount
- in view of any fee increase, a '-‘Notice to Pay Balance 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 Noticerof
Allowance and _Fee(s) due fonnis to be filed on or after October 1, 2002 (or mailed with a certificate of mailing" 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
previously-paid 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 paid issue fee should be paid. fie; Manual of Patent Exafnining Procedure, Section
1308.01.(Eighth Edition, August 2001). ' ' . ‘ t '1

Questions relating to issueand publication fee payments should‘ be directed to the [Customer Service Center
of the Office of Patent Publication‘ at (703) 305-8283., ' l

Page 4 of 4'

PTOL-85 (REV. I04-02) Approved for use through 01/31/2004.
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TRANSMITTAL OF INFORMATIONDDISCLOSURE STATEMENT
~ (Under 37 1.970)’) or 1.97(c)) A 3 r I

k9PAl$“ -‘ '0” Ofi Masayoshi Tagami, etiai.
O 1

Filing Date f ' ' 4 Examiner 1‘ Group Art_Unit
..June 19, 2000 A H. Vu A'..,

Title: MULTI-LAYVERED WIRING LAYER AND METHOD OF FABRICATINGMTHE

. Address to! V ,
’ Assistant Commissioner for Patents

Washington, D.c. 20231

, ‘ 37 CFR1.£i7(b) ._ _ _
1. C] 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 first Office J
Action after the filing of a request for continued examination under 371CFR 1.114. ‘ ‘ = -

‘ '_37 ’CFR 1.97(c)

The Information Disclosure Statement submitted herewith is being‘ filed after the period specified in 37
CFR 1.97(b), provided that thelnformation Disclosure Statement is filed before the mailing datevof a
Final Action under 37 CFR 1.113. a Notice of Allowance under 37VCFR 1.311, or an Action that

otherwise closes prosecution in the application, and is accompanied by one of: ' ' '

IZI the statement specified in~37 CFR 1.97(e);

OR _

El the fee set forth inA37 CFR 1.17(p).

‘ . P10AIREV02
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TRANSMITTAI. OF INFORMATION DISCLOSURE STATEMENT I I — Docket No.
(Under 37 CFR 1.9_7(b) or 1.97(c)) ~ . _ , 13715

Masayoshi Tagami, et al.

; ' to . . ’ ‘ ‘
Serialwgtb. V Filing Date _ A Epgaminer A Group Art unit

A 09/sgfiffs June 19, 2000 . _H.Vu 4 2311 '

Title? NIIILTI-LAYERED WIRING LAYER AND METHOD OF FABRICATING THE ‘SAME
\

_ Address to:

Assistant Cornmissloner for Patents ‘
E Washington, D.c. 20231

37 CFR 1.97(b)_

1. CI The Information Disclosure Statement submitted herewith is being filed within three months of the‘filing
’ of a national application other than acontinued prosecutionapplication under 37 CFR E1.53(d); within A

three months of the date of entry of the national stage as set forth in 37 CFR 1:491 in an inter_nationa|
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 examination under 37 CFR» 1.114. I -

37 CFR 1.97(c)

- 2. 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 accompanied by one of:

I the statement specified in 37 CFR'1.97(e);

E on _ _

CI the fee set forth in 37 CFR 1.17(p).

P10AlREV02 ’
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INFORMATION DISCLOSURE STATEMENT Docket No_

nder 37-CFR l.97(b) or 1.97(c)) ‘ 13715 _ '

ln keAApp|iCatiOnI c>Masayoshi Tagami, ettal.% .

’-{/23 p 9:33’
~- t.’.&.r.a£.~V»‘ ‘I

Serial No. Filing Date Examiner Group Art Unit

09/596,415 June 19, 2000 ‘ H. Vu I 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 CF‘R’1.17(p))

[I A check in the amount of h it 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.
Cl Charge the amount of

Credit any overpayment.

Charge any additional fee required.

Certificate of Transmission by Facsimile* Certificate of Mailing by First Cl :

I certify that this document and authorization to charge deposit ertify that this document and fee ‘ being deposited

account is being facsimile transmitted to the United States ‘ I September 9, 2002’_\ ' .8. Postal Service
Patent and Trademark Office (F : first class m {I under C.F.R. 1'.8 and is

' ' : - essed to the ‘ V '

(Date)

Signature

Typed or Printed Name 0fPerson Signing Certificate

I *‘;l;lI1’i(sscga1;lt:ci£"1(’c'i1ItIc;'may only be nsed if paying by

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

CCZ

Q1 DA/REVO2
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. _ _ , _ - PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE T '

Applicant(s): MasayoshiT_agami, et a1. "H - A Examiner: H. Vu'

‘ Serial No.2 _09/596,415 - ' I Art Unit: 2811

Filed: V June19, 2000 . .Docket: 13715

For: I AMULTI-LAYERED WIRING Dated: _ September 9,2002
‘ LAYER AND METHOD OF A " ' . ~

FABRICATING THE SAME

‘ Assistant Commissioner for Patents
United States Patent and Trademark Office

Washington, D.C. 20231 A

STATEMENT PURSUANT

TO 37 C.F.R. 1.97 c and e 1

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 notrnore than three months prior to the

filing of this Infonnation Disclosure Statement. .

' CERTIFICATE OF MAILING UNDER 37« C.F.R. §1V.s(a;

A I hereby certify that this correspondence is;/Being deposited withwtlrel.-Intied.
States Postal Service as first class mail in an envelope address_gd>to:_’Assistant-~I

Commissioner for Patents, Washington, DC." 20 31 S_eptember"'-9, 2002,

. Dated: September 9, 2002

G:\nec\l 21o\137 I 5\amend\137 1 5.statement‘ =
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'-" - 09/596,415’
‘" v\c\\._ )'

3%“
x

w .

£15" Accordingly, it is respectfully requested that the accompanyinglnformation
.37’ . t .

&mJAD§§&‘-fil Disclosure Statement be considered with respect to the above-‘identified A -

application.

Respectfully -submitted,

. Anthony. .. resco
. Registration No.: 45,784

SCULLY, SCOTT, MURPHY & PRESSER;
400 Garden City Plaza ' \

Garden City, New York 11530 '

(516) 742-4343/4366 Fax '

ANF zyd

G:\nec\l210\l3715\amend\137l5.statement
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09/596,415

, _ - , PATENT I '
. IN THE UNITED STATES PATENT AND TRADEMARK OFFICE A

Applicant(s): MasayoshiTagami, eta1.- Examiner: H. Vu ' I

Serial No.: 09/596,415 V X ArtUnit: 2811

Filed: . June 19, 2000 . "Docket: , 1297.15 I ’ _
2002 /0/36’ '0. LFor :_p MULTI-LAYERED WIRING ' Dated: Sepieinber

LAYER AND METHOD OF * “

FABRICATING THE SAME

(

33

Assistant Commissioner for Patents

United-States Patent and Trademark Office

Washington, DC. 20231 ’ ‘

INFORMATION DISCLOSURE STATEMENT

In accordance with 37 C.F.R. §§ 1.97 and 1.98, it is requested that the

following references, which are also listedon the attached Form PTO-1449, be

_ made of record in the above-identified case.

1. Japanese Laid-Open Patent Application No. 8-250596 dated September
27, 1996; ' . I

10/:J "S h :5 !51°1 ese Laid-Open Patent Application No. 10-125627 dated'May 15,
01 F.C1.1480/ —180..-00431 1993; . ’ I '1 A

3. ' Japanese Laid-Open Patent Application No. 1 1-67686 dated March 9,
1999. ‘ - 9 I ’ .

CERTIFICATE OFMAILINGAUNDER 37 C.F-.R. §1.8(a] X ' '.

Dated: September 9,2002

15 13119 s§11:tt3°{.,1,§13° , 11111; 1111111.;
1:13:14 i.5u.uU 1.11 , -

MishelleiMusita _
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O9/596,415

The referencesuwere cited in an Official Action dated July 5, 2002 received

from the Japanese Patent Office. Applicants are submitting copies of the above-

.cited references, together with a translation of the Examiner’s'comrnents regarding

the references from the Official Action. The relevance of the references is

described in the Official Action.

In compliance with the requirementsof 37 C.F.R. § l.98(a)(3), as a concise

statement of relevance, as it is presently understood by the individual designated in

37 C.F.R. § l.56(c) most lcnowledgeable about the content of the information, the

undersigned submits a translation ofportions of an official action by a foreign

examiner in which the references were cited. 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 examiner 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 present application has been made; the present

understanding of the contents thereofby the undersigned being based on the

translation of the foreign examiner’s comments_ submitted herewith.

G:\nec\l2TO\13715\ar_nend\l37l5.ids
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Inasmuch as this Information Disclosure Statement is being submitted in

accordance with the schedule set out in-3'7iC.Ii~‘i.R. § 1.97(b), a statement is

enclosed.

V Respectfully submitted,

M %%w
Anthony . resco ' Q

Registration No.2 45,784

SCULLY, SCOTT, MURPHY & PRESSER M I '

400 Garden City Plaza 4 . .- '

Garden City, New’ York 11530
(516) 7.42-4,343/4366 Fax.

ANF:yd

I G:\nec\12l0\l37l5\amend\137l5.ids .
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II
II
II
II
II

II
II
II
II
II
II
II

Docket Number (Optional) _ Application Number
13715 09/596,415 ‘A

INFORMATION DISCLOSUR1-_ JITATION Appncanrm
(Use several sheets (fnecessary) Masayoshi Tagamis et 31- ‘

Filing Date Group Art Unit

June 19, 2000 ' 2811

7 U.S. PATENT DOCUMENTS

‘EXAMINER
INr'nAL

FILING one

IF Ixrrnornmra
DOCUMENT NUMBER NAME CLASS SUBCLASS

IRIIIIIIIIIEllllllllllllIllllllllllIlllllllllllIllllillllilllllllll
FOREIGN PATENT DOCUMENTS

DOCUMENT NUMBER

8-250596 9/27/1996 Japan I
10-125627. 5/15/1998 ‘Japan '- I
11-67686 3/9/1999 JapanllllllllllllllIlllll

EXAMINER: Initial lf 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 form with next communication to applicant. , _ ' l ~

- Form p1-o_A32o P09/VREV04 Patent and Trademark Office - u.s. DEPARTMENT or commence

(also form PTO-1449) SHEET OF

Illlllill
COUNTRY cuss suncmss

E
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-
Q

', Docket Number (Optional)

INFORMATION DISCLOSURELEITATION ' ‘ _App||cant(s) . . "
- (Use several sheets ifnecessary?) . Ma5ay05h1 Tagamls et 31-

Filing Date ‘ . ‘ Group Art Unit

June 19, 2000 ‘ 2811

'E)liA‘|:Ir1llNER ~ . SUBCLASS ‘FILING DATEv -” AL ‘ IF APPROPRIATE

I  _‘  IIIIIIIIIIIIIIII
!

II

I.
I

IIIIIII  :::::::.
FOREIGN PATENT DOCUMENTS

we . Counmv‘ cuss
I  
IW998 _—-
I3’°“9”‘ ---I
- 0’ $II-----—'"
!

‘I:

—
D

IIII

IIIIII 
EXAMINER DATE CONSIDERED

Home i4_ uu n/M70;

EXAMINER: Initial if citation considered, whether or not citation is in conformance with-MPEP Section 609; Draw line throngh citation if not in conformance and " ;
not considered. Include copy of this form with next communication to applicant; . ' ' '

Farm p'1-o.A32o . - I ' . ' V I POSIAIREVD4 0' Patentaud Trademark ofiice-u.s. DEPARTMENT or commence

(also form PTO-1449) - SHEET OF

SUBCMSS _
J

1-0
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Application No.

Ex'aminer-GAUV\{ ‘ 4 2 Z T Date

A iiirlé.
*RETURN To FMF + LOCATlON.7540

QUERY CONTROL F0 ' M . ‘

Serial No.

App|icant(s)

Continuing Data
. ‘PCT ~

Dome‘s‘t'i'c Priority

SPECIFICATION" .

. Page Missing

. Text Continuity

. Holes through Data V
. Other Missing Text

. illegible Text

Duplicate Text

. Brief Description

. "Sequence Listing

'. Appendix

'. Amendments.

. Other

CLAIMS

a

b.

c

d

‘f.

g.

h

. Claim(s) Missing

improper Dependency

._ Duplicate Numbers

. lncorreclNurn_bering

. Index Disagrees

Punctuation

Amendments

. Bracketing

Missing Text .

'. Duplicate Text

. . Other

Prepared by

No. of queries

JACKET

k. Print C|aim(s)

I. Print Fig.

p. PTO-1449i. Foreign Priority

’ q. PTOL-85bg. Disclaimer

h. Microfiche Appendix

i. Title '

j‘. Claims Allowed’

m. Searched Column r_= Abstract

<9shee'ts/Figs
. . Other '

n. PTO-270/328 ’

o. PTO-892

E-5 (Rev. 1o/15/02) ‘LOCATION 7540
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»

UNITED STATES PATENT AND TRADEMARK OFFICE .
' i ' ' ‘ UNITED STATES DEPARTMENT OF COMMERCEUnited States Patent and Trademark Office _Address: COMMISSIONER OF PATENTS AND TRADEMARKS

wnshingwn, D.C. 20231www.uapw.gav '

APPLICATION NO. FILING DATE " "FIRST NAMED INVENTOR, * ATTORNEY DOCKET NO. CONFIRMATION NO. V ..

;- ’ 3425 - v09/596,415 I 06/19/2000 > ‘ MasayoshiTagami : ' - , .l37l5

23389 i 7590 . ll/20/2002 .

SCULLY SCOTT MURPHY & PRESSER, PC V _ -
. 400 GARDEN CITY PLAZA VU’ HUNG K
GARDEN CITY, NY 11530 < _ _

231!

r

DATE MAILED:»l I‘/20/2002

Please find below and/or attached fin Office communication concerning this application or proceeding.‘1

«C (Rev: 07-01)
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UNITED STATES DEPARTMENT QF COMMERCE '
Patent and Trade “k Office I

. Address: ASSISTANT COMMISSIONER‘ FOR PATENTS‘ H (9~j_¢' V 3 ~ - * Washington, DC. 20231 -A ’
APPLICATION NO.l FIRST NAMEDINVENTORI, 1 ATTORNEYDOCKET_NO.*

CONTROLNO. . - ,PATENT.|N REEXAMINATION ' _

' ' 7 _ EXAMINER - I V

_ ART UNlT_ ’ PAPER

16

DATE MAILED:

Please find below 'andlor attached an Office communication concerning this application or
proceeding. ’ '

Commissioner of Patents and Tradem_arks

The IDS filed 09/09/02 had been entered ‘and considered by the examiner..

' PTO-SOC (Rev.3-98)
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~ - r;uq'n- FEE{$ 'rn.uzsmrrAL % '

_ . » form,togethor with applicable feo(u), to:Mgfl Box ISS1iE FEE #1 ‘ ‘ ' _ - Commlnloner for Patent: :

k - ‘- - ' ' - was n,n.c. 211231

. I‘ . 4 _ .. I ‘. _ _ _ ‘bf . .u_ “H . ' _”
:mm5<T§'c'L‘ma' nag: é " M ueweoggupogdeacaadaeas. ' ADDRESS" :3

.... . _ , U” .,_.._,.. . .. ,_.‘. ‘....,, , , .V_ ,__ _> H ... I _ _ .‘ :7, _ . ".,__..‘,v I ' .

Paul_I Esatto Jr -
Scully Scott Murphy & P1-esser_
400 Garden City Plan
Garden City, NY 11530

09/595,4 ~ ‘ ow _ Mn-younnupns
TITLE or INVENTION: MULTI-LAYERED wnuna LA-YER AND METHOD 0? rAmuc._mNG THE SAME

1. of ' ' .‘ ‘-
C ). (37

D - ' --. ..-
Adtcusfogifz; _ !22)uacbd.(u E ‘z?’ L‘
o-seeA:n;x3.l=‘-"b::%e2.aon(a'ruAa¢:aa-Indicu.u;imrum ‘

“mm. ) '- -u.‘ V I

3. sslamaENA_kaANn1msmzNcaoATA1b§ngnmnznoNn{I:rATaN'r(pcm2orzype) - « .
r3As2_Nora:;__ mij mdnuned-‘nanny, uni dalawillnppear tnepmmriurudmoranl - ~ .
begnpzevgouary a‘:oh%§S;'mwhhh3dm¥:d\m3;:aQummu.&:pbfiafiflnfimhNMa':1°:fimhl;or' yyummmm
(A)NAME0l-‘ Assxanza ‘, ' (B)RES1DE'NCE:(Cl'l'YmdSTA'!'EOROOUNTRY) ’

_NEC;_ .§f:cvrp9::a5ti_on "

4a.1hen:llawingIba(n)uuaacIooed:- ‘ ' I . 4b,y.ym.mot_'p..(.);

aiuueree . A‘ . _ §IAcheckmInm.oun¢oroncfee(:)iuan_loucL
C|PublicptionFoe I -

fiA.dVnnce'0Idu'-'#ofCapi:lV I > . '

<A'.Sisn-**'~)_ V (Du) Decenber 10; 002.
Paul J. asattg. 1:‘ Reg’. No. 30.749 ' .

‘f - :..._ ‘Q .,. 'V,}’..';"Y‘{.‘ gg .. .. v .;. . . .
-W 'h= "M A ' __ 2 12/17/2002 oooooeu 09596415

oxrcxsot . _ 1zao.oo
oarc:'ooo1 - 3.—oo

complaaaa application tom ' sn‘o. nu
cane. Anyoommumon the»-nounloftime yanu om-for ' ' this ' shouldhe no

PEi:d'l'NO!‘ SEND OR MPLE FORMS TO
.- Connniuioacrfor _ Wuhlngmmbczofil.

Uderth:PapeIwukReducIionAc¢f1995. A mu-ma‘ zompouaun
co‘i1ecumoriqramhswm:euhasp|u'y'..vuu3'i¢5'{'n'§o|T§nhu. -

A ' TR.ANSMT!”l'I-lIsF0llM\VI'l'HFBF(S)‘ ‘ _.
YTOL-.85 Approved for use through 01/31/ZW4. OMB 055'-W33 -U.S.‘Pfl¢Hlt and T!l&nIl'k Ofliee; U.S. DEPARTMENT OF COLQCHRCE
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. 3 . MasayoshiTagami ‘

Filing‘ Date 0 " . Examiner

09/596,415 June‘19,20oo , ' .' Hung K. VU

'”"°”“°":__fl MvULT.I-LAYERED WIRING LAYER AND METHOD 01? 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.
\

-DA Each sheet of drawing indicates the identifying indicia suggested in 37 CFR Section 1.84(c).

Dated: December 10, 2002 0,

__Anthony N. Fresco
Registration No.: 45,784

SCULLY, scorr, MURPHY & PRESSER ‘ _
400 Garden City plaza - ' » - be g deposited on 12/10/2002 ' ,
‘Garden City, New York 11530 _ V . ' stai Service as first class mail nder 37 C.F.R. 1.8
(516) 742-4343/4366 Fax. ‘ '
ANF: d -

Signature afPersan Mailing rrespondence
I Mishelle Mustafa

. Typed or Printed Name ofPerson_Min'Iing Correspondence V
P238/REVO1
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J1135 U.S. PTO

Iflllllfill!IIIIWIJIIUUIWIIIll!
12/16/02
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||||Il|lI|!|A|l|l!|l|l||Hil||ll||l|ll||?
12/15/02

FJ4E11E1P.E



 

Page 290 of 333



  

 

           

Page 291 of 333

J1135 U.S PT

 IIIIIIUWIIHIIIIIIIIIIIIIIIIIIIW   
12/16/U2



 

 

 

Page 292 of 333



  

 

 

 

Page 293 of 333

\ ‘ é ‘
“.irIIllIl'lI‘4§\: 11111115. ‘ A

*7\sN

‘V1



 

 

Page 294 of 333



 

 

 

 

 

Page 295 of 333

Deposition 5
A Ta2N

’FLUOR|NECONCENTRATION (atoms/cm3)

DEP'lA'H’(/'3) ‘N

FIG.’ 28;%

10,9 VMOCVD- ‘ u A

Just Aftér Filmé _\
- Depositiion‘ '

TaéN

COPPERCONCENTRATION (atoms/cm3)

DEPTH ()1).

FIG. 29



 

 

Page 296 of 333

K _
,I

~.

\~ ~  

“g!"\:r kl“

. r ‘ .1‘
.. ’%AL‘:

4

% 1 Vv ' ‘V’ ‘ .

> ‘ 4 3



   

   
    

  
  

 

     

   

   

  

   

     

          

             

     
           

            
                     

                  
                     

                   
     

               

  

 

 

    

  

Page 297 of 333
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‘T.|

400 Garden City Plaza
Gardenciw-Newvork 11530 ’ * ‘‘ scuLLY,sco'rT, MUPII-IY(516)7-12-4343-Tel n .- ‘

r51e,m.4ses..=a:;’.n?i.": t ' . 3. PRESSER l
ezmallz lntprop@ssmp.com - , _ V ‘ i

To: US Patent & Trademark Ofiice From: Linda i-lagemeyertoffice Manager

Refund Section, Accounting Division‘
Ofiice of Finance

Fax: 703-308-5077 Pages: 4

Docket 13715 V V , Date: Januaryr4,2oo3

Re: Deposit Account No.- 19-1013 "Refund Section, Oflice of Finance

x Urgent El For Reirlew E1 Please Comment D Please Reply El Please Recy¢_:|e\

Attached‘ is another Request for Refund.
Pleasecredit our account in the amount of $130.00 as soon as possible.

CONFIDENTIALITY: The documents accompanying this facsimile transmission may contain information which is 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, cllssemlnaticn or dlsdosure except as expressly set forth or established by course of dealing. All rights
are reserved. if you are not the intended recipient, you are hereby notified that any disclosure, copying. distribution or use of the
contents of this facsimile is prohibited. If you received this transmission in en-or. please notify us immediately by telephone to
arrange for retum of the documents.

If you have any problems concerning this facsimile, please call (516) 742-4343 and ask for Unda.
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um.

u-.«—u.1:>4:33PM:<::S'SMP FAX > _ . ' - .6IB74?_4366

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant(s): ‘Masayoshi Tagami
-1- ‘1

Serial No: ’ 
‘Filing Date: June 19, 2000

Docket No.: 13715

Attention: Refund Section, Accounting Division -
' Office of Finance ‘ - '

REQUEST FOR REFUND

Sir/Madam: I V V A I

A 4,;.::-7:13o‘r the) reason set forth below, Applicant(s) representatives request that they be
refun ed’$130.00 by.-crediting this amount to Deposit Account No. 19-1013. This amount is the

official _e'e'fo'r"a'fetition which was charged to Deposit Account No. 19-1013 on October 30,
2002, Seq‘, _No. 6 (Copy of deposit account attached). . _ 2»

. There was no Petition filed in this case, nor was one requested for any reason,
therefore, it is respectfully requested that Deposit Account No. 19-1013 be credited in the
amount of$130.00. '

Lingglgdiagemeyeé . § ‘
Office Manager

Scully, Scott, Murphy & Presser
400 Garden City Plaza .

Garden City, New York 11530
(516) 742-4343

Dated: January L4, 2Q03
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/-yw-\./-:-‘ 4:33PM3SSMP FAX , .-i167424’3EiB

t cgmsil Ac:&)unt Statcrnent . h_ttps://rampsdev.uspto.gov/ram26/Controlla;jsessionid=kirodvlxr/12

\ %. UNITED S'.r/ms
. r PATENT AND .
i-* 4",». TRADE.M_ARK Omc/3

Ruurn T-J:

De osit Account Statement
4‘/$.26 .  .

.Pafl|! Requested Statement Month: . October 2002

r_,mm__e Deposit Account Number: 4 191013 ‘ V ,
"gig:-V Name: ' SCULLY. SCOTT, MURPHY & PRESSER_

Attention: . DEBORAH SHEEHAN

Address: 1 A PROFESSIONAL CORPORATION

‘ GARDEN city
NY

1 1530-0299

POSTING ATTORNEY. FEE.

REFTXT . fig§K‘ETV CODE"

10/01 , 10255_362 ' » 9204 -$16.00 $17,302.66
10/01 ' 09436164 - 13164 1801 $740.00 $16,562.66

10/01 09436164 13164 12_51 $110.00 $16,452.88

10/03 09349352" . 12601 1801‘ $740.00 $15,712.66

10/03 10261434 ' 15696 2203 $22.00 $15,690.66

-10/07 09212094 ' . 12119 . .1601 $740.00 $14,950.66 6

10/07 09653105 ' 9204 -$130.00 $15.060.66 '
10/07 09161364 ‘ 1.1625 g 1252 « -$390.00 $15,470.66

10/08 09441333 13175 . 1251 $110.00 $15,360.66 A
10/06 09947006 123642 ' 1614 $110.00 $15,250.66

10/06 ‘ 09441333 13175 1201 $166.00 $15,082.88
10/09 09640207 ,NL000236 1201 $64.00 ‘ $14,998.88
10/09 , 09640207 NL000238 1202 _. $54.00 $14,944.66

10/09 06931055 10661 1401 $320.00 $14,624.66

10/09 467 75609369 V. 6004 $300.00 $14,324.66

10/10 77 09601356 10309 1201 $84.00 $14,240.66
10/10 177 V PCT/US02/31732 14927 1707 $40.00 $14,200.66
10/10 179 PCT/US02/31732 14927 8006 $15.00 $14,165.66

10/10 462 75476510 _ 6004 . ‘ $150.00 , $14,035.66

10/10 515 75642058 A 6004 $150.00 $13,665.66
10/10 537 75577131, _ 6004 . $150.00 $13,735.66

10/11 2 09745967 _ 1606 $180.00 $13,555.88

10/11 150 76173150 , 6001 $325.00 $13,230.66

10/11 197' 76.176160 1 6001 $325.00 $12,905.66

.5 .5. U1

hJf\)—'-I0-l-|—|CD\l (D0)

1/14/2003 4:34 PM-
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... .43. -.1.-vac-M::;'5MP FAX 157424366 ab 4/ .1

.posit A(;15Dunl Statement ' 1 htrps://rampsdev.uspzo.gov/rarn26/C0110-0|ler;jscssionid=kir0dvlxmz

’ PCT/U502/33655 15967 1707 $40.00 $29,680.88"

PCT/US02/33855 ‘ 15967 8006 $15.00 ‘$29,665.33
76173372 7001 ‘ $325.00 $29,340.03
73176404 7001 $325.00 $29,015.88

09406662 - 13024 1253 $920.00 $28,095.88-

PCT/U_SO2/10275 '15441 1705 $28,086.88 _
29147933 4 ' ‘ 2251 . $28,031.88

09736037 1 FRSHPO03 1814_ -. 1 _ $27,921.53
09596415 1460. . . . .

10/3015 10163645 15602 1251‘ . . $27,681.88

START ‘ suM01= "SUM OF
BALANCE_ CHARGES REPLENISH BALANCE

$17,284.88 $8,988.00 $19,385.00 $27,681.88

Return to USPTO l>l0mc Pa 1‘. Return to Office of Fimmcc I-Iom1;: P:

1/14/2003 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 I. BERNSTEIN
WILLIAM C. ROCH

T. DAVID BOMZER
PHILIP BRAGINSKY
JOHN L. BRECKENRIDGE‘
MARVIN BRESSLER
ERIC P. HALBER°

SCULLY, SCOTT, MURPHY ,8: PRESSER
A PROFESSIONAL CORPORATION

ATTORNEYS AT LAW

400 GARDEN CITY PLAZA
GARDEN CITY, NEW YORK I 1530-0299

ALLEN R. MVORGANSTERNV STEPHEN A. YOUNGCOUNSEL

JOHN F. SCULLY
STEF_'HEN D. MURPHY 'RETIRED '

ANTHONY SCOTT (I931-1994)
WILLIAM E. MCNULTY (I927-19,93) .

TELEPHONE: (516) 742-4343
FACS_|MILE: (516) 742-4366
E-MAIL: Inzprop@ssmp.c‘om

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

1 January 17, 2003
XIAOCHUN ZHU, F'H.D. . ' FEDERAL EXPRESSTECHNICAL CONSULTANT

. US Patent and Trademark Office
c/o RTIS l '

3443 Carlin Spring Road

Falls Church, VA 22041

Attention: Toni Hood/Nadine Clark

Re: U.S. Patent Application No.: 09/596,415 ' Q.
Our Docket: 13715 , . ....m

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 feewere damaged due to irradiation by the US Postal 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 yo??? 9 ’- '
Anthon p . Fresco

ANF : yd
Enclosures

g:\nec\l2I0\l37l5\Itr\l37I5.L| 8



  

 
 

 
 

 
 

 
 

    

Page 302 of 333



 

 

Page 303 of 333

& /
«44

AL‘. 4‘.

44

/
 *4 I'_ A
a \‘ V‘ V

4

AL‘. 4‘.

44



 

 

Page 304 of 333

A.‘ Ala.  j

15‘
'4'

r\\\‘=:

% ‘k\§\' ' A
‘X §I».i 7I53?“ Aw:

, 44



        

 

 

   

 

    

 

 

 

 

 

Page 305 of 333

§
u:

 .
|.lJ
>
O
0

2
O
1-
I-
O
In

2.5 3 3.5 ‘4 45.
ASPECT RATIO

FIG. 6



 

 

Page 306 of 333



     

   

 

 

 

Page 307 of 333

E
‘.3
c

3.

Q.

E
:-

‘2
an
|.Ll
n:

’ 10

”2“A'+N2)FLow RATE RATIO (°/0) %  

% FIG. 9



   

 

 

   

 

 

Page 308 of 333

Intensity(cps)_

V . 5-Ta(oo2)

TaN0,1?(O11)A _Intensity(cps)

29 '(deg.)

9FlG.11



  

 

 

   

 

 

Page 309 of 333

/s
U)
Q.
0xx

>
1':
U)
C
OJ-0-!

.5

FIG. 12  

Intensity(cps)
Ta'2N.'5(A113) or (041)



 

  

 

  

 

 

 

  
 

   

   

Page 310 of 333

Resistivity(fin-cm)
XCRYSTALLINE

O . '_ 5'-I-8. & TaN0_1
‘ - . _ _ _ _ --o0' .

vi 4 % 6

RF Power (kW)

FIG; 14

intensity(cps)__



  

 

 

  

 

 

Page 311 of 333

Intensity(cps)

- 35

J 26 (d¢g.)

 F|G.'16 A

TaN0.1(_11O)

Intensity(cps_)
5-Ta(O_02)



    

 

 

Page 312 of 333

»s
U)
Q.
U5/
>-

5':
U)
C
Q)-0-

E



 

 

 

Page 313 of 333



 

 

Page 314 of 333

M":



 

Page 315 of 333



 

         

 

Page 316 of 333



 

 

 

Page 317 of 333

Li‘!

7 ..l.g7"

1%‘

7

~ K‘ '1 V

E»

.. V .l.g7"

A %  ~



 

 

Page 318 of 333

A C IIIIIII .

 “s ‘S “* 3*’  
FIIIIA. " I" II

5% n!.I.If:53.5’7lI1 VN
N

&\\!_..._4



 

Page 319 of 333



 

 

 

 

 

Page 320 of 333

Z

9

E
I

I26‘
Ox

2%’
oo
0'5[flaw

E
.a:

O
‘D
_|
IL

1059 MOCVD-

10w .maAmd+mm \ , .
Deposition _,_

Taa:N

COPPERCONCENTRATVION (atoms/cm3)‘
-DEPTH(3)'

FIG. 29



 

 

Page 321 of 333



   

    
    

    

 

  

 

 

 

 

  

    

 
 

 

               

    
     

 
 

  

      

     

      

     

 

 

  

 

 

 
 

 

 
 

 
 

     

 
 

 

      

     

     

    

  
 

 

  

    

     

                      

 

 

 

                    
                       

                     

                    

   

          
 

 

 

 

  

   

 

 

 

            

              

Page 322 of 333

4 ' I ‘ V I V y V L ' . Apiication or Docket umber I
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CLAIMS A3 F”-ED'.P.ARTr' _ A , SMALL ENTITY ' I OTHER THAN

' TYPE [:3 OR SMALL ENTITY
4 TOTALCLAIMS _ H J RATE FEE

BASIC FEE 740.00
I=oR V I

V I TOTAL CHARGEABLE CLAIMS ‘ ' - X5318:

I ' INDEPENDENT CLAIMS ‘I ,X84_

OR +280:

* lfthedifference in column 1 is lessythan Vzero, enter “O" in column 2
OR‘ TOTAL

cLAIMsAsAMEN'oEo-PARTII - ' I " ' - OTHERTIANL
Coiumnt ' I - - OR SMALLENITY
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~ .. AFTER PREVIOUSLY 5xvmA - RATE. TIONAL R

. ;_'-; AMENMENT . ._ ; PAID FOR . I FEE -

E!/.l£a€ OR

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM I -

AMENDMENTA
OR X84:

TOTAL
ADDIT. FEE:

.Column2 ' Column 3 - . I
CIAIMS ’ «HIGHEST . , ‘ ' -

REMAINING . NUMBER PRESENT ' ADM’ ‘ . » ADDI’ "
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FEE

OR. +230;
TOTAL

O 33 )>U Q
‘.-‘I .11

In In

AMENDMENT - PAID FOR. FEE‘

O
—

I1 *2 03
I

E
'"deP°"de"* *** A9
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM »

AMENDMENT8
-‘ 0 TOTAL

529 IE  /"IllllIIII
CLAIMS _ v I _ I A .

REMAINING NUMBER ' . ADDI-
AFTER PREVIOUSLY, _ ~ RATE TIONAL

AMENDMENT ‘ ' - FEE’

2% I
FIRST PRESENTATION OF MULTIPLEDEPENDENT CLAIM ' _

AMENDMENTc‘ i‘3,
U -I ‘I1

_IT]
I'|"I

l_xa4'= 5
/’

'8!-T
- '* If the entry in column 1 is less thainthe entry in column 2. write "0" in column 3._ " _

*" if the ‘Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter 720." ADD“-. FEE
*‘*II 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.
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3 record(s) per family, collapsed by 2 record(s)

Record 1/2 US6538324B1 Mu|ti—layered wiring layer and method of fabricating the same

Publication Number:

US6538324B1 20030325

Title:

Multi-layered wiring layer and method of fabricating the same

Title - DWPI:

Diffusion barrier film for semiconductor integrated circuit, comprises of laminated nitrogen-

containing crystalline metal film, amorphous metal nitride film, and same kind of metal atoms

Priority Number:

JP1999214110A

Priority Date:

1 999-06-24

Application Number:

US200059641 5A

Application Date:
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Publication Date:

2003-03-25

IPC Class Table:
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There is provided a barrier film preventing diffusion of copper from a copper wiring layer formed on

a semiconductor substrate. The barrier film has a multi-layered structure 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.

Language of Publication:

EN

INPADOC Legal Status Table:

Gazette Date Code INPADOC Legal Status Impact
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Record 2/2 JP03562628B2 A diffusion barrier film|membrane, a multilayer interconnection

structure, and a method of producing the same

Publication Number:
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Title:

A diffusion barrier filmlmembrane, a multilayer interconnection structure, and a method of

producing the same

Title - DWPI:

Diffusion barrier film for semiconductor integrated circuit, comprises of laminated nitrogen-

containing crystalline metal film, amorphous metal nitride film, and same kind of metal atoms
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2015-01-15 R350 -

Description: WRITTEN NOTIFICATION OF REGISTRATION OF TRANSFER JAPANESE INTERMEDIATE CODE: R350

2015-01-06 S111 -

Description: REQUEST FOR CHANGE OF OWNERSHIP OR PART OF OWNERSHIP JAPANESE INTERMEDIATE CODE:
R31 31 1 3

2012-06-05 FPAY +

Description: RENEWAL FEE PAYMENT (PRS DATE IS RENEWAL DATE OF DATABASE) PAYMENT UNTIL: 20130611

2012-05-31 FPAY +

Description: RENEWAL FEE PAYMENT (PRS DATE IS RENEWAL DATE OF DATABASE) PAYMENT UNTIL: 20120611

2011-10-18 FPAY +

Description: RENEWAL FEE PAYMENT (PRS DATE IS RENEWAL DATE OF DATABASE) PAYMENT UNTIL: 20120611

201 1-05-26 FPAY +

Description: RENEWAL FEE PAYMENT (PRS DATE IS RENEWAL DATE OF DATABASE) PAYMENT UNTIL: 20110611

2010-06-01 FPAY +

Description: RENEWAL FEE PAYMENT (PRS DATE IS RENEWAL DATE OF DATABASE) PAYMENT UNTIL: 20110611

2010-05-27 FPAY +

Description: RENEWAL FEE PAYMENT (PRS DATE IS RENEWAL DATE OF DATABASE) PAYMENT UNTIL: 20100611

2009-06-02 FPAY +

Description: RENEWAL FEE PAYMENT (PRS DATE IS RENEWAL DATE OF DATABASE) PAYMENT UNTIL: 20100611

2008-06-1 0 FPAY +

Description: RENEWAL FEE PAYMENT (PRS DATE IS RENEWAL DATE OF DATABASE) PAYMENT UNTIL: 20090611

2008-06-05 FPAY +

Description: RENEWAL FEE PAYMENT (PRS DATE IS RENEWAL DATE OF DATABASE) PAYMENT UNTIL: 20080611

2004-06-1 1 R1 50 +

Description: CERTIFICATE OF PATENT (=GRANT) OR REGISTRATION OF UTILITY MODEL JAPANESE
INTERMEDIATE CODE: R150
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2004-05-1 1 TRDD +
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USPTO Maintenance Report 
 

Patent Bibliographic Data 05/22/2015 04:06 PM 

Patent 
Number: 

6538324 
Application 
Number: 

09596415 

Issue Date: 03/25/2003 Filing Date: 06/19/2000 

Title: 
MULTI-LAYERED WIRING LAYER AND METHOD OF FABRICATING 
THE SAME 

Status: 4th, 8th and 12th year fees paid  Entity: LARGE  

Window 
Opens: 

N/A 
Surcharge 
Date: 

N/A Expiration: N/A 

Fee Amt Due: 
Window not 
open 

Surchg Amt 
Due: 

Window not 
open 

Total Amt 
Due: 

Window not 
open 

Fee Code: 
  

Surcharge 
Fee Code:   

Most recent 
events (up to 
7): 

08/27/2014 
08/26/2010 
09/01/2006 
09/24/2003 
09/24/2003 

Payment of Maintenance Fee, 12th Year, Large Entity.  
Payment of Maintenance Fee, 8th Year, Large Entity.  
Payment of Maintenance Fee, 4th Year, Large Entity.  
Payor Number Assigned.  
Payer Number De-assigned.  
--- End of Maintenance History ---  

Address for 
fee purposes: 

CPA GLOBL LIMITED 
2318 Mill Road 12th Floor 
ALEXANDRIA VA 22314 
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