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layer for Cu Interconnects”, Advanced Metallization and
(73) Assignee: NEC Corporation, Tokyo GP) Interconnect Systems for ULSIApplications in 1997, 1998,

pp. 711-716. :

(*) Notice: Subjectto any disclaimer, the term of this M. T- Wang,et al., “Barrier Properties of Very Thin Ta and
patent is extended or adjusted under 35. TaN Layers Against Copper Diffusion”, Journal Electro-
U.S.C. 154(b) by 0 days. chemical Society, Jul. 1998, pp. 2538-2545.

D. Denning,et al., An Inlaid CVD Cu Based Integration for
(21) Appl. No.: 09/596,415 . . Sub 0.25um Technology, 1998 Symposium on VLSI Tech-

(22) Filed: Jun. 19, 2000 nology Digest of Technical Papers, 1998, pp. 22-23.: -19, .

_ * cited by examiner
(30) _ Foreign Application Priority Data

Jun. 24,1999 (IP) esseseesscsses vecssesstssssassessasneecs 11-214110 Primary Examiner—Tom Thomas
4 Assistant Examiner—Hung Kim Vu

(51) Int. C1?eecseee HOLL 23/48; HO1L 23/52 (74) Attorney, Agent, or Firm—Scully, Scott, Murphy &
(52) U.S. Ch.ciccecersnseeereeeeseens 257/751; 257/762 Presser
(58) Field: of Search .........ceece eetecene 257/751, 752,
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FIG. 4C
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MULTI-LAYERED WIRING LAYER AND
METHOD OF FABRICATING THE SAME

BACKGROUND OF THE INVENTION
1. Field of the Invention

Theinventionrelates to a semiconductorintegrated circuit
including a copper wiring layer, and more particularly to a
barrier film which prevents copper diffusion from sucha
copper wiring layer.

2. Description of the Related Art
As a semiconductor device has been designed io be

smaller and smaller in size, wiring delay exerts greater
influence on a silicon ULSI device. As a result, though a
wiring layer has been composed of aluminum,itis necessary
10 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 composedof an oxide film,at a surface thereof, unlike
aluminum, copper is more corrosive than aluminum.

In addition, since copper has a high diffusion rate in both
silicon (Si) and silicon dioxide (SiO,), if copper enters
MOSFETformed onasilicon substrate, copper would
induce reduction in carrier lifetime.

Hence, it is absolutely necessary for a semiconductor
device having a. copper wiring layer to have a diffusion-
barrier film for preventing diffusion of copper into an
interlayer insulating film formed 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.

Thus, there have been made many’ suggestions ‘about a
structure of a barrier metal layer and a method offabricating
the same, in order to prevent copper diffusion form a copper
wiring layer.

For instance, a structure of a barrier metal layer 1S
suggested iin the following articles: »

10°

20

25.

30

35

40

(a) Semiconductor World, Nobuyoshi Awaya, February |
1998, pp. 91-96 (hereinafter,referred to as PriorArt 1);

(b) Advanced Metallization and Interconnect Systemsfor
ULSI Applicaticns in 1997, Kee-Won Kwonet al.,
1998, pp. 711-716 (hereinafter, referred to Prior Art 2);

 (c) Journal Electrochemical Society, M.T. Wangetal.,
July 1998, pp. 2538-2545 (hereinafter, referred to as
Prior Art 3); and :

(d) 1998: Symposium on ‘VLSI ‘Technology. Digest of
. Technical Papers, D. Denning etal., 1998, pp. 22-23.

In addition, a ‘structure of a barrier metal layer and a
method of fabricating the same both for preventing copper
‘diffusion is suggested also in Japanese Unexamined Patent
Publications 8-139092, 8-274098, 9-64044 and 10-256256,
and Japanese Patent Application No. 10-330938. Herein,
Japanese Patent ApplicationNo. 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.
10-330938 constitutes prior art to the present invedtion. |

It is quite difficult todry-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
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recess and a through-hole reaching the underlying copper
wiring layer. Then,a thin diffusion-barrier film is formed on
surfaces of the recess ‘and the through-hole therewith such
that. the recess andthe through-hole is completely covered at
surfaces thereof with the diffusion-barrier film in order to
prevent copper diffusion from uncovered region.

Thereafter, a copperfilm is depositedfilling the recess and
the through-hole therewith by CVD orsputtering. 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 obviousto those skilled in the art, the diffusion-
barrier film is required to have high coverage as well as
capability of preventing copper diffusion and adhesion to
copper.

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

tungstennitride (WN), titanium nitride (TiN) or tantalum
nitride (TaN).

As.explained in Prior Art 2, for instance, a tantalum (Ta)
barrier film bas high adhesion with a copperfilm formed on
the tantalum barrier film by sputtering, ensuring improve-
ment:in crystallinity of the copper film. However, since
copper is diffused into the tantalum film, it would be
necessary for the tantalum barrier film formed below the
copperfilm, 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)se‘gregates at aninterface
between the copper film and TaN,resulting in degradation in
adhesion therebetween.

Prior Art 3 reports that a crystalline TaNbarrier film
oriented in directions of (200) and (111) can prevent copper
diffusion mere highly than acrystalline Ta barrier Alm.

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. 10-330938 has suggested a method offabricating
a multi-layered barrier film including. a titanium film and .
formed by sputtering.

Asillustratediin FIG. 1, in accordance with the suggested
method, only an argon gas is. introduced: into a sputter
chamber to thereby formatitanium 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 ofthe titanium film 1 and the thin
titanium nitride film 2.

In the method, a metal oxide film formed on an underlying
wiringfilmis removed by argon plasmaprior to-carrying out
sputtering.

However, the conventional barrier film for preventing
copper diffusion is accormpanied with the following prob-
lems.

Thefirst problem is that it is quite difficult to make a
diffusion-barrier film Kave both a characteristic of prevent-
ing copper diffusion and a sufficient adhesive force with
copper.. :
- As illustrated in FIG. 2,it is now assumedto form a metal
film 5 having a crystallized pillar structure, on a semicon-
ductor 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 metalfilm 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 copperis diffused. As a result, the
metal film’ 5 has low barrier characteristic of preventing
copperdiffusion.

As illustrated in-FIG. 3,it is now assumedto form a metal
film Sa 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 havea pillar-like structure similarly to the
metal fiim 5 illustrated in FIG. 2, and accordingly, the metal
film 5a would have small barrier characteristic of preventing
copperdiffusion.

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

In contrast, the metal film 5aillustrated in FIG. 3, which
is composed of particles 9 such as amorphous TaN and
formed on the semiconductor substrate 4, bas small
resistivity, specifically in the range of about 200 to 250
p&2cm, and doesnot have the paths through which copperis
diffused unlike the crystalline metal film 5 illustrated in FIG.
2. As a cesult, the metal film 5a¢ would have high barrier
characteristic of preventing copper diffusion. ,

Howeéver, since a surface of the metal film 5a is amor-
" phous and hence crystallattice.is not uniformly arranged,if

a copperfilm s formed on the amorphous metalfilm Sa by
CVD or sputtering, copper crystallinity and adhesion to
copper are degraded.

As mentioned: so far, it is quite difficult to form a
diffusion-barrierfilm having a single-layered structure com-
prised onlyof a crystalline metal film or an amorphous metal
nitride film, and further having high barrier.characteristic of
preventing copperdiffusion and high adhesion tocopper.

The. second 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
diffusion-barrierfilm.

For instance,if a'diffusion-barrierfilm is designed to have
a multi-layered structure comprised of a crystalline metal
film having high adhesion to copper and an arsorphous
metal nitride film having high barrier characteristic, such as
TaN,there would be obtained a diffusion-barrier film having

high barrier characteristic ofpreventing 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 meta! nitride film had to be
separatély 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 gasinto a sputtering chamber
to thereby form’atitanium film, and introducing a nitrogen
gas into the sputtering chamberto thereby form a titanium
nitride film onthe titanium film.

However, in accordance with this method, the titanium

nitride film cannot be formed until partial pressures of argon
and nitrogen becomestable by varying a mixtureratio of
argon and nitrogen. Hence,it is impossible to enhance a
fabrication yield offabricating a diffusion-barrier film hav-
ing a multi-layered structure.
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4
The third problem relates to coverage ofa film formed by

sputtering.
In general, when ametal 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 plasmaaré radiated ran-

‘domly to a surface ‘of asubstrate, 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
nietal film..

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

plasma,‘In order to enhance coverage of a ‘metal film, there has
been suggested collimate sputtering in which a metal plate
formed with a lot.of through-holes is located between a
sputtering target and a substrate, and metal particles are
causedto pass through the through-holes.to thereby uniform
direction of metal particles. In accordance with the collimate
sputtering, it is possibleto deposit a metal film on a bottom
of a recess formed at a surface of a substrate, but it is not
possible to deposit a metal film onto an inner sidewall of the
recess.

The fourth problemis that.a crystalline metal film having
high adhesion with a copperfilm tendsto react with atmo-
sphere to thereby a reaction layer at a surface thereof.

Such a reaction layer would much deteriorate adhesion of
‘a inetal film with a. copper film.

The fifth problemis a copper oxide filo iis adheredagainto a recess or hole©’

‘An oxide film formed ona surfaceof an underlying wiring
metalfilm is removed by argon plasma prior to deposition of
a diffusion-barrier film by sputtering. When an underlying
wiringlayer is coniposed ofcopper, 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.

Thésixth problem is that when a copperfilmis formed on
‘a tantalum film and an amorphous TaN film by CVD,

adhesion between the.“ Copper film and a diffusion-barrierfilm is deteriorated.

SUMMARY.¥.OF THE INVENTION
In view of the above-mentioned problems in a conven-

tional diffusion-barrier film, it is an object of the present
invention to provide a diffusion-barrier film having both a

diffusion-barrier characteristic of preventing copper from
being diffused into’a semiconductor device and high adhe-
sion between a copperfilm and 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 a
method of fabricating a multi-layered copper wiring layerin
which copper is buried above the above-mentioned
diffusion-barrier film.
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In one aspectof the present invention, there is provided a
barrier film preventing Uiffusion of copper from a copper
wiring layer formed on a semiconductorsubstrate, 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
metalnitride, thebarrier film being constituted ofcommon
metal atomic species. .

- It is preferable that thefirst 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 angstromsboth inclusive.

In another aspect of the present invention,there is pro-
‘vided a multi-layered wiring structure including a barrier
film which prevents diffusion of copper from a copper
wiring layer formed on a semiconductor substrate, the
barrier film having a multi-layered structure of first and
second films, the first film being composed of crystalline
metal containing nitrogen therein, the second film being
composed of amorphous metalnitride, 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 wining 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 generating ‘plasma to. thereby
successively form a diffusion-barrier film having a mullti-
layered structure offirst and secondfilms,thefirst film being
composed of crystalline metal containingnitrogen therein,
the second film being composed of amorphous metal nitride,

10

20

25

30

35

the barrier film being constituted of metal atomic species of ©
sputter target.

Itis preferable that the gas containing nitrogen therein has
a pressure equal to or greater than 5:Pa.

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

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

It is preferable that the second film has athickness in the
rangeof 80 angstroms to 150 angstromsbothinclusive.

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

There.is further provided a methodofforming a diffusion-
barrier film by RF magnetron sputtering making use of
rotational magnetic field andRF power, including the steps
of (a) preparing gas containing nitrogen therein, and (b)
varying the RF power to thereby successively form a
diffusion-barrierfilm having a multi-layered structureof first
and secondfilms, thefirst film being composed ofcrystalline
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 film by RF magnetronsputtering, including
the steps of (a) setting an electric power source for genera-
tion plasmato generate powerhavinga first value, to thereby
a first film, with, a concentration of nitrogen in plasmagas
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6.

being keptata constant; and (b)setting the electric power
source to.generate power having a secondvalue greater than
the first value at the moment whenthefirst film is formed by
a predetermined.thickness, to thereby form a secondfilm on
the first film.

It is preferable that the’ first film is composed of amor-
phous nietal nitride, and. the second film: is composed 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 hydrogentherein,to a recess or
hole formedatan insulating film formed on a semiconductor
substrate, (b): forming ‘a diffusion-barrier -film to cover the
recessor hole therewith without exposing to atmosphere, the
diffusion-barrier film having a multi-layered structure offirst
and secondfilms,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-barrierfilm without exposing to
atmosphere.

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

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

chemical vapor depositioniin which thermal dismutation in
a complexof organic metaliis utilized.

It is preterable that thecopperfilm is.formed by sputtering
in which coppertarget is used. .

The advantages obtained by the aforementioned resentinvention will be described hereinbelow.

In the diffusion-barrierfilm in accordance withthe present
invention, a copper filmmakes direct contact with a crys-

"talline metal film containing nitrogen therein, ensuringhigh

adhesion therebetween and high“crystallinity of a copper
film.

In addition, since the metalfilm contains nitrogen therein,
copper diffusion into a semiconductor device can be pre-
vented more effectively ‘than ‘a metal film having pure
crystals. .

mn the diffusion-barrier film in accordance with the presentvention, an amorphous metal film containing nitrogentherein lies under a crystalline-metal film containing nitro-
gen therein. Hence, it is possible to effectively prevent
copper diffusion, and to ensure high adhesion with an
underlying insulating film such as a silicon dioxide film.
That is, by forming a copper wiring layer on the diffusion-
barrier film in acéordance with the present invention,it is
possible to not only ensure high crystallinity and high

adhesion of a copper wiring layer, but also tlo prevent copper
diffusion.The’ method in ‘accordance ‘with the present invention
makesit possibleto successively form a diffusion-barrier
film having .a multi-layered structure of first and second
films, by varying only powerofan electric power source for
generating plasma in sputtering in which gas containing
nitrogen-therein is employed. Herein,the first-film is com-~
‘posed of crystalline metal containing nitrogen therein, and
the second film is composed of.amorphous metal nitride.
The barrier film is constituted of metal atomic’ species of
spuiter 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 amor-
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phous metal nitride film is formed. Immediately after the
formation of the amorphous metalnitride film, the electric
power source is set to generate relatively high power to
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 nitrogentherein. .

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 crys-
talline metal fiim containing nitrogen therein and an

‘amorphous metal nitride film.
The. method of fabricating a diffusion-barrier film

‘employs RF magnetron sputtering in which rotatisnal mag-
netic field and RF power are utilized. Since the method

_ makesit 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 diffusion-barrier
film.

The method of fabricating a diffusion-barrier film, in
accordance with the present invention, includes the step of
radiatidg plasma of argon containing hydrogentherein, to a
recess or hole formed at an insulating film formed on ‘a
semiconductor substrate. This step reduces a copper oxide
film formed ona surface of an underlying copper wiring
layer, to thereby turn .copper oxide back to copper, ensuring
remarkable reduction in re-sputtering of a copperoxide film
‘to a surface of a‘recess or hole formed at a surface ofan

insulating film.
Then,a diffusion-barrier film is formedto cover the récess

or hole therewith without’exposing to atmosphere, wherein
the diffusion-barrier film has a multi-layered structure of
first and second films, the. first film being composed of

- crystalline metal containing nitrogen therein, the secondfilra
-being composed of amorphous metal mitride. Then, a thin
copper film is. formed on’ the diffusion-barrier film in
vacuum. As a ‘result, there is obtained a multi-layered

structure comprised of the diffusion-barrier film and.the
‘ copper wiring film without a metal oxide layer being sand-wiched therebetween.

Theabove and other objects and advantageousfeatures of
the.present invention will be made apparent 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. .

FIG. 2 is a cross--sectional view of another conventional
copper wiring siructure.

FIG.3 is a cross-sectional view of still another conven-
tional copper wiring structure.

FIG. 4A is a cross-sectional view of:a diffusion-barier.
film in accordance with the first embodimentof the present
invention,illustrating thefirst step of.a methodoffabricating
the same.

FIG. 4B is a cross-sectional viewof a diffusion-barrier
film ‘in accordance with the first embodimentof the present

invention, illustrating the second step ofa methodof fab-
ricating the same.

FIG. 4C is a cross-sectional view of a diffusion-barrier
film in accordance with the first embodimentof the present
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invention, illustrating|the third step of a method of fabri-
cating the same.

FIG. 4D is a cross-sectional view of a diffusion-barrier

fila in accordance with the first embodimentof the present

invention, illustrating the. fourth ‘Step of a method of fabri-
FIG.'5 illustrates’ high-pressure RF Magnetron sputter-

ing apparatus used in the first embodiment.
FIG. 6 is a graph showing coverage characteristic of a

tantalumfilm in high-pressuré RF magnetron sputtering.
FIGS. 7 and 8 .are ctoss-sectional views of a recess

covered witha tantalum film 1in high-pressure.RF magnetron
sputtering.

FIG. 9 is a graph showing a relation amonga ratio of a
nitrogen gas in a mixture gas introduced into a chamber, RF
power, andresistivity of a film formed by sputtering.

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

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

FIG. 21 is a, cross-sectional view of a diffusion-barrier
film formed by high-pressure RF magnetron sputtering
which berricr-diffusionfilm is comprisedof a crystalline Ta

film containing nitrogen in solid solution and an amorphousmetal TaN film.

FIG. 22 is 4 photograph ofa film formed by high-pressure
RFE ‘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 apparatusused in the fourth embodiment.

FIG. 25 is- a cross-sectional: view ‘ofa diffusion-barrier

film covering a recess formédat a surface of an insulating
film fornied above a lowerwiring: layer.

FIG.:26 is a cross-sectional view of a diffusion-barrier
film covering a recess formed at a surface ofan 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 a graph showing a diffusion profile of fluorine
into a diffusion-bairier film.

FIG. 29 is a graph showing a diffusion profile of copperinto a diffusion-barrier film.

FIG. 30 is a cross-sectional. view ‘of a“copper wiring
structiire in'accordance with the seventh embodiment.

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

DESCRIPTION OF THE PREFERRED.EMBODIMENTS

Preferred embodimentsiin accordance with the present
invention will be explained hereinbelow with reference to
drawings.

A method of fabricating a diffusion-barrier film in accor-
dancewith the preferred embodimentis explained herein-
below withreference 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 126 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 secondinsulating film 12b is formedata surface
thereof with recesses 13 in eachof which a wiring is to be
formed. Holes 14 reach thefirst insulating film 12@ from a
bottom of each of the recesses 13. :

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

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

First, an electric power source for generating p!asmais set

US 6,538,324Bl  
In the illustrated RF magnetron sputtering apparatus, a

chamber21is Kept to be in vacuum,specifically,to havean
internal pressure ofabout 1x10-7 Pa to about 1x10-6 Pa by
means of a pump 33 such as a dry pump, a cryosorption
pump ora turbo pump.In the chamber21is placed a heater
34 which can heat a semiconductor substrate 22 introduced

- into the charnber 21, up, to. about 20 to 300 degrées centi-

to generate relatively low power with .a concentration of ,
nitrogen in plasma gas being kept constant. As a result, the
target metal makes sufficient reaction with nitrogen, and an
‘amorphous metalnitride film 15 is deposited over a surface

- of the second insulating film 126,as illustrated in FIG.4B.-
Then, immediately after theformation of the amorpkous

metal nitride film 15, the electric power source is set to
generate relatively high power to thereby form @film
without allowing sufficient time for reaction between nitro-
.gen andthe 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 suéces-
sively and effectively fabricate the diffusion-barrier film 17
havingmulti-layered’ structure, on both an inner sidewall
and a bottom ofthe recesses 13 and the holes 14iin 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 1i is transferred
into a third chamber in vacuum. Then, a copperfilm 18 is
deposited over the diffusion-barrier film 17 in vacuum in the
third chamber to thereby completely fill the recesses 13 and
the holes 14 with the copper film 18,as illustrated in FIG.
4C. Since the crystal metal film 16 containing: nitrogen
therein is exposed outside and the semiconductor substrate
11 is transferred in vacuum, an oxide film is not formedat
a surface of the crystalmetal ‘film 16.

Then,asillustrated in FIG. 4D,the diffusion-barrier film
17 aiid the copper’ film 18 are removed by CMPuntil the
second insulating film 126 appears. Thus, there is obtained
-a copper wiring structure having high reliability.

The reason of enhancementin barrier characteristic of

preventing copperdiffusion is to introducenitrogen into ‘the
metal film 16. In addition, the metal film 16 containing

20

grade: A metai target 28 or the semiconductor substrate 22
is designed tobe able ‘to raise or lower, and hence, a distance
betweenthe metal target 28 and the semiconductor substrate
22 can be. varied in the range of 102 mm to 134 mm.

Argon andnitrogen gases are adjusted‘with respect to a
flow rate by means’ of ‘mass flow coxctrollers 31, and then,
introducedinto 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 Pa to about 17 Pa.

The metal target’ 28 has a diameter, for instance, in the
range of. about 300 mmto about 320 mm. The metaltarget
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

_ totating the permanent magnets 24, magnetic field 30 in the

25

30

35

40

chamber21-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. :

~ ARFelectric power'source 25 for introducing RF power
into the chamber 21 isin electrical connection with the

cathode 23through 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 10kW.

Turning the RF electric powersource 25 on to thereby
introduce RFinto the chamber21,there is generated argon
plasma containing nitrogen therein. The target metal 28 is
sputtered by-argon ions generated in the argon plasma 26. As
a result, metal particles of the target’ metal 28 fiy into the
semiconductor substrate 22, and thus, the crystalline metal

film 16 containing nitrogen therein or the amorphous metalnitride film ‘15 is formed.:

- 50

nitrogen ensures high adhesion with copper. The amorphous ©
metal nitride film 15 also has acharacteristic of preventing:
copper diffusion, and further enhances adhesion with the
second insulating film 125. 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 copperfilm’18 into the second insulating film 12d.

Hereinbelow are ‘explained detailed examplés, of the
‘above-mentioned embodiment. ,

FIRST EXAMPLE
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.

The sputtering in the first example is carried out in a RF
magnetron sputtering apparatus illustrated in FIG.5.
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The inventor actually formed.a tantalum -film covering
therewiththe hole 14 (see FIG. 4A) formed. through the
secondinsulating film 125 by meansof the above-mentioned
RF niagnetron sputtering apparatus. The coverage charac-
teristic of the tantalum film is shownin FIG.6.

The hole 14 had a diameterin the rangeof 0.3 wm to 1.5
ym. The second insulating film 126 had a thickness of about
1.5 wm where the hole 14 was formed.

As is cbvious 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 bottom of the hole 14 to
a thickness of thé tantalum film at a surface of the second

insulating film 12, Specifically, when a sputtering pressure
is over 5 Pa, sufficient coverage can be obtained tto a hole
having a great aspéctratio. ‘

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

The reason ofthis phenomenon is considered as follows.
Thefirst reason is an increase: in the number. of Taiions in

plasma Bas,as illustrated in FIG. 7.
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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 tantalum ionsare attracted to negative self-bias
generated at the semiconductorsubstrate 22. As aresult, an
incidentangle at which tantalum ion flux 35 is radiated to the
semiconductor substrate 22 becomes nearly 90 degrees.
Thus, overhangingwhich occurs in the vicinity of an edge
of recess or hole in conventional sputtering is suppressed,
ensuring tantalum atomics to reach a bottom of the hole 14
or recess 13. 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 iors 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 14or recess
13 and causing overhanging is re-sputtered by the argon ions
39, as indicated with an arrow 37, tantalum atomics 38
directing to a bottom of the hole 14 or recess 13 are not
interfered at the edge of the hole 14 or recess. 13.
Accordingly, it is ensured that a tantalum film is deposited
on a bottom and an inner sidewall of the hole 14 or recess13.

In addition, since the tantalum film 36 depositedon a
bottom ofthe hole 14 or recess 13 is re-spultered 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 enhancementin coverage at the sidewall
40 of the hole 14 or recess 13.

It is not possible to.determine whichis a main reason for
enhancement in coverage among the above-mentionedfirst
and second reasons. However, since mean free path of

plasmaiion is just a few millimeters under a pressure over 5
Pa, il is considered that almost 90 degrees of an incident
angle of the tantalum ion fiux 35 does not contribute to
enhancementin coverage So much, The main reason why the
coverage is enhanced is considered that argon. ions are
generatedin a sufficient density by virtue of a high pressure,
and a tantalum film having been deposited arere--spultered
by the argon ions.

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 iss preferable that a sputtering
pressure is set equalto 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 forméd by high-pressure RF magnetron
- sputtering having been explained in the first example, for

various RF powers, Herein, the fiow rate ratio is defined as
a ratio of a volume of argon gas to be introduced into the
chamber 21to a volumeofnitrogen gasto be introduced into
the chamber 21 (N2/(Ar+N,)).

The relation shown in FIG. 9.was observed when ‘the

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

FIGS. 10 to 13 shdw how X-ray diffraction CXRD)
patterns vary as the N, gasratio is varied when RF powerof
6 kW (8.5 W/cm”) is applied to the: tantalum target having
a diameter of 300 mm.

Specifically, FIGS. 19 to 13 shows XRD patterns when
the N, gasratio is equal to 0%, 1%, 5%, and 7% sespec-
tively. Hereinbelow are explained FIGS. 10 to 13 in com-
parison with FIG. 9.

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

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

and which has resistivity in the range of about 100 pid-cm,as illustrated in FIG. 11.

Whenthe N, gas ratio is equal to 5%,it is understoodin
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
uO2-cm.

When the:N, gasratio is equal to 7%, a crystalline metal
nitride film (Ta,N.) is formed, and resistivity is further
increased, as illustrated in FIG. 13.

As mentioned above, when the tantalum targetis selected,
a crystalline structure, composition and resistivity of a film
to be formed by sputtering vary in dependence on both a
concentration of nitrogen gas in sputtering gas and RF
power. Conversely speaking, this meansthatit is possible to
control characteristics of a film to be formed by sputtering,
by controlling both a concentration of nitrogen gas in
sputtéring gas and RF power. The present invention is based
on this discovery. .
' However,itis difficult to vary a flow rate of sputtering gas

‘(that is, a pressure of. sputtering gas) and N, composition
ratio in sputtering. Accordingly, it is nécessary in practical
use to keep both a flow rate of Sputtering gas (that is, a
pressure of spultering gas) and N, composition ralio
constant,and to vary only RF power, to thereby control a
crystalline structure, composition andresistivity of a film to
be formed by sputtering.

FIG. 14 showshowresistivity varies when only RF power
is varied while a N, gas ratio is kept fixed at 2%. ASis
obvious in view of FleG..14,it is understood thatit is possible
to.control film. quality and resistivity of a film to be formed
by sputtering, even when only RF poweris varied. In FIG.
14,resistivity is varied when a gas pressureis equalto 10 Pa,
the permanent magnets are rotated’ at 10 rp.m., and the
substrate was heated at 200 degrees centigrade.

FIGS. 15 to 18 show XRD characteristics relative to RF

power. FIGS. 15 to 18 show XRD characieristics observed
when.RE poweris equal to 2 kW, 3 kW, 6 kW and 8 kW,
respectively.

Specifically, when RF power is equal to 2. kW, there is
’ obtained amorphous Ta,N,asillustrated in FIG. 15. By

65 increasing RF power, there is. obtained crystalline TaN,4-
When RF power is equal to 8 kW,there is obtained a
crystalline ‘metal film containing nitrogen therein, which
includes a B-Fa film and TaNo,, in mixture.



  

       
       

         
             

          
        

             
          
         

      

          
            
          

         
         
          

         
      

         
      

          
        

  
          

       
            

       
          

          
          

        
 

        

          
         

           
          

         
         
        

          
          

        

       
         

         
          

        

         
         
        
         

         
          

      
        

          
      
         

           
      

 

       
        

         
         
          

           
        

        
            
         

           
         

      

 

       
        
         
        

         
           

       

       
          
           

             
           

          
            

          

          
          

           
           

 

          
        

 

          
         

         
       

          
        

          
          

      
          

          
          

         
       

        
      

       
      

        
       

         
      

         
        

        
       

       
     

 

Page 42 of 333

 

a oree
aA OF dT Re

 
US 6,538,324 BI.

13 .

FIGS. 19 and 20 are SEM (Scanning Electron
Microscopy) photographsoffilms obtained when RF power —
is set equal to 2 kW and 8 kW,respectively.

When RF poweris set equal to’2 kW,as is obviousin view.
of XRD illustrated in FIG. 15, there is not observed grain
boundary, because a deposited film has an amorphousstruc-
ture. In contrast, when RF poweris set equal to 8 kW,as is
obvious in view of XRD illustrated in FIG. 18, there is
obtained a crystalline film including a 8-Ta film and TaN,,
in mixture, and having a pillar--like structure.

Thatis, ifTaN, whichis an amorphous metalnitride film,
is deposited at 2 kW of RF power, and RF poweris 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 on a semicon-:
ductor substrate 11 where the diffusion-barriérfilm 17 has a

multi-layered structure comprised of an amcrphous metal
nitride film 15 and a crystalline metal film 16 containing
nitrogen therein. Specifically, the amorphous metal nitride
film 15 is an amorphous Ta,N film,and the crystalline metal

film 16 is composed of crystalline B-Ta and crystalline
TaN,,, in. mixture.

FIG. 22 is a SEM photograph of a cross-section of the
diffusion-barrier. film 17 which is formed by changing
sputtering power from 2 kW to 8 kW while a TaNfilm is
being deposited, to thereby successively deposit the crys-
talline metal filmi 16 and the amorphous metalnitride film 15
each by a thickness of about 500 angstroms.It is confirmed
in FIG. 22 that the amorphous Ta,N film 15 and the

crystalline metal film 16 containingnitrogen therein form a
multi-layered structure. ;

The reason of this phenomenon is considered as5 follows.
When’ sputtering power is set equal to 2 kW,since a

sputtering rate caused by argon ions.is relatively low,there
is sufficient time for 4 tantalum target to be nitrided by N,
at a surface thereof. Hence, the tantalum targetis nitrided at
a surface thereof, and turned into’ Ta,N. Since the thus
produced Ta3N is sputtered by argon ions, a Ta,N.film is

10

20

30

35

40

deposited. However, when. sputtering poweris set equal to -
8 kW,the tantalum target is sputtered by argon ions before

-a surface of the tantalum targetis sufficiéntlynitrided, As a
result, there is obtained 2 tantalum film slightly containing
nitrogen.

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

The lowerfilm or amorphous metal nitride (Ta,N) film 15
is required to have such a thickness that barrier characteristic
of preventing copperdiffusion is ensured and adhesion with
the underlying insulating film 126is also ensured. A desired
thickness of the amorphousmetal nitride (Ta,N) filo 15 is
in the range of about 80-angstromsto about 150 angstroms.

Qn the other hand, the crystalline. nitrogen-containing

metal film 16 composed of crystalline 8-Ta and crystalline
TaN,,, in mixture is required to have such a thickness that
barrier characteristic of preventing copper diffusion is
ensured and adhesicn with copperis also ensured. A desired
thickness of the crystalline metal film 16 is in the range of
about(60 angstroms to about 300 angstroms.

THIRD EXAMPLE’

The RF magnetron sputtering having been explained in
the first example makes it possible to enhance coverage
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characteristic of a deposited film for covering a recess or
hole therewith, by introducing a gas having a higher pressure
than usual, specifically, a pressure equal to or greater than S
Pa, into-a chamber. That is, it is possible to form the
multi-layeredbarrier film 17 under desired coverage char-
acteristic by switching RF power with a sputtering pressure
being kept equal to or greater than 5 Pa, even whenthere is
carried out dual-damassin process in whichthe recess 13 and
the hole 14 formed at a surface of the secondinsulating film

126 formed on the semiconductor substrate’ Weare concur-
rently filled with the. diffusion-barrier film 17.

FOURTH EXAMPLE
In the’ above-mentioned first and second examples, the

process in which a multi-layered barrierfilm is successively
formed by switching RF power while the film is being
formed is applied to RF magnetron sputtering. This process
may be applied to DC magnetron sputtering,as illustrated in
FIG. 24, though a N, gas ratio and RF poweraredifferent
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-
ductorsubstrate 22, a target metal 28 fixed to a top of the
chamber 21 by meansofinsulators 29 and a cathode 23,a
pump 33 for exhausting air from the chamber 21 such that
a pressure in the chamber21is in the range of about 1x10-”
Pa to about 1x10-® 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
io enter the chamber 21, and a DC electric power source 41

for applying . a DC voltage to both the cathode 23 and the
heater 34.

Turning’‘the DC electric powersource 41 on, argon plasma
containing nitrogen therein is generated inthe chamber 21.

FIFTH EXAMPLE
In thefitst and second examples, there is formed only one

via-hole’andwiring. However, it should be noted that the
present invention may be applied to.a copper wiring struc-
ture including two or more via-holes and wirings.

In the fifth example, as illustrated in FIG. 25, a first
insulating film 12a is formed. ona semiconductor substrate
11. The first insulating film 12¢is formed with via-holes
which “is filled with a copper wiring 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 125 is formed on the first
insulating film 12¢.. Thesecond insulating film 126 is also
formed’ with recesses and via-holes whichis filled with a
copper wiring (not illustrated) with a diffusion-barrier film
17 being sandwiched betweeninner 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
maybe filled with a copper wiring layer.

An exampleof the multi-layeredstructureis illustrated in
FIG. 26.Theillustrated multi-layered structure is comprised
of three insulating layers. Each of the insulating layers is
formed withrecesses and via-holes, which are covered at
their surfaces witha diffusion-barrier layer 17, and filled
with copper: wiring layers 44a and 446.

Hereinbelow is explained a methodof fabricating the
multi-layered structureillustrated in FIG. 26.
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A semiconductor substrate 11 is formed at a surface

thereof with oxide layers Hla. A semiconductor device 11b
is formed on the semiconductor substrate 11 between the

oxide layers 11a.
- A first insulating film 12a is; formed on the semiconductor

substrate 11. The-first insulating film 12a is comprisedof, for
instance,a silicondioxide film. The first insulating film 12a
is formed with recess arid holes reaching the semiconductor
device 115. The recesses and holes are coveredat their inner
surfaces with the. diffusion-barrier film 17. The’ diffusion-

barrier film-17 has a multi-layered structure comprised of a
crystalline nitrogen-containing metal film and an amorphous
metal nitride film, and has sufficient coverage to cover
recesses and holes therewith.The diffusion-barrier film 17

may be formed by such high-pressure RF magnetron sput-
tering as mentioned in the first example.

Then, the recesses and holes are filled with copper in
vacuum. Then, the copperfilm and the diffusion-barrier film
17 are removed by CMPuntil the first insulating film 12a
appears. Thus, there is fabricated the copper wiring layer
44a.

Since copper does not form passivestate at a surface,the
copperwiring layer 44a maybe oxidized, In order to prevent-
oxidation of the copper wiring layer 44a, a silicon nitride
film 12dis formed overthe first insulating film 12a,

Then, a second insulating film 126 is formed onthefirst
insulating film 124. The second insulating film 126 is
formed with recesses and holes reaching the copper wiring
layer 44a formedin the first insulating film 12a. Then, the
recesses and holes formedin the secondinsulating film 125
are covered with the diffusion-barrier film 17, and the
recesses and holes are filled‘with the copper wiring layer
44b. By repeating the above-mentioned steps by the desifed
number, there can bé fabricated a semiconductor device

‘having such a multi-layered copper wiring structure as
illustrated in FIG. 26.

SIXTH EXAMPLE

“Thesixth 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.

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 chamber 51 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 used for heating a semi-
conductorsubstrate, an etching chamber 47 used for clean-
ing recesses and holes, a spufter chamber 48 used for
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minutes.As a result, the lord lock chamber 45 has a vacuum
degree of7x10"? Pa to 8x10-? Pa.

Then, a gate valve between the lord lock chamber 45 and
the separation chamber 51 is made open. The separation
chamber51 is in advance kept in a vacuum degree of about
5x1075 Pa to 1x1075 Pa by means of a dry pump and a turbo
pump. Hence,the semiconductor substrateis transferred into

. the separation chamber 52 by ‘the robot 52 ‘without being
exposed: to atmosphere. .

Then, the semiconductor substrate iis transferred into the
chamber 46 whichis in advance kept in a vacuum degree of
about 6x10°* > Paby means of a dry pump and a turbo pump.
The semiconductor substrate is heated at about 50 to about
200 degrees centigrade in the chamber 46 to thereby remove
moisture existing at a surface of the semiconductorsubstrate
and clean a surface of the semiconductorsubstrate.
’ Then, the semiconductor substrate is transferred into the
etching chamber 47 from the chamber 46 through the
separation chamber 51. The etching chamber47is kept in a
vacuumdegree of about 5x10-° Pa by means of a cryosorp-
tion pump, dry pump and a turbo pump.

After introducing the semiconductor substrate into the
etching chamber47, the.-semiconductor substrate is plasma-
etched in argon gas or argon gas diluted with hydrogen gas
(H,/Ar=3%). By carrying out plasma-etching, a surface of
the semiconductor substrate and inner surfaces of a recess

and a hole are reduced and cleaned. ,
The. plasma-etching has an advantage that edges ofa

recess and a hole are ground by the plasma-etching, and.
accordingly, an opening area of the recess and hole is
broadened, ensuring enhancementin coverage characteris-
tic, .

'. Then, the semiconductor substrate is transferred into the

sputter chamber 48 from the etching chamber 47 by means
ofthe robot 52. The sputter chamber48is kept in a Vacuum
degree of about 4x10-° Paby meansofa cryosorption pump,
dry pump and @ turbo pump. The high-pressure, RF magne-
tron sputtering as having béenexplained-inthe first example
is carried out inthe sputter chamber 48: ;
‘In the sputter chamber 48; a crystalline nitrogen-

containingmetalfilm (a-film composedofcrystalline B-Ta
_ and crystalline TaNy., in mixture) and an amorphous metal

45

fabricating a diffusion-barrier film, and a chamber 49used _
for forming a copper wiring layer, arranged around the
separation chamber 51.

It.is possible to form a copper wiring layer. without
exposure of a semiconductor substrate to atmosphere
through the use of the cluster chamber50.

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 advancewith a recess and/or hole. .

Then, the lord lock chamber 45 is evacuated of. air. by
meansof a dry pump and a turbo pump for about-five
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nitride film (a TaN film) are deposited on the semiconductor
substrate by the method having been explained in the first
and second examples, wherein RF poweris instantaneously
switched: In'this example, a gaspressure is kept at 10 Pa, a

substrate temperature is kept at 200 degrees centigrade, a N,
gas ratio is kept at 2%, and RF poweris switched from 2 kW
to 8kW.Asa result, there is obtained ‘a diffusion-barrier film
having a multi-layered structure and also having enhanced
coverage characteristic under the characteristics illustrated
in FIG. 6.-

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

The semiconductorsubstrate is kept-at about 170 to:about
200 degrees centigrade. -A source, ineluding Cu (hfac) tmvs
(trimethylvinylsilyl.hexafluoroacetylacetonate copper(I)) as
a main constitueatis. introducedinto 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 iin
that the chamber.49 is kept at about’1'kPa.

The gas introduced into the chainber 49 makes chemical
reaction on the semiconductor’ substrate, and is turned into
copper, and then, deposited on the semi2onductor substrate.
Herein, copperis deposited by such a thickness that a recess
and/or hole is sufficiently filled: with copper, for instance, a
thickness in the range of about 8000 angstroms to about
15000 angstroms.

In particular, when a copper film is formed by CVD,
segregation offluorine at a surface of the diffusion-barrier
film, diffusionof fluorine into the diffusion-barrier film, and
diffusion of copper into the diffusion-barrier film exert a
great influence on the adhesion, whichfluorine 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-barriet film, respectively,

which profiles were measured by SIMS (secondary iion mass
spectroscopy).

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

strong force, and as a result, the TaNo,, film would highadhesion.

Thus,it is understood that if copper is deposited by CVD,
the diffusion-barrier film having a multi-layered structure
comprised of a crystalline TaN,film and an amorphous
Ta,N 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 ona semiconductor substrate without
the semiconductor substrate being exposed to atmosphere.
Accordingly, the diffusion-barrier film is kept clean at a
surface, and hence, film ‘quality of a copperfilm formed by
CVD islikely to be reflected to a crystalline structure ofa
tantalum film of the diffusion-barrier film. Thus, it is pos-
sible to enhance crystal orientation of copper and adhesion
between copper and_a diffusion-barrier film.

SEVENTH EXAMPLE

The seventh example relates to 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 whicha copperwiring layer is formed. Since
the diffusion-barrier film includes a TaNo,, film containing
crystalline B-Ta therein, at a'surface, adhesion betweenthe
diffusion-barrier film and a copperfilm formed bysputtering
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 substtate is
taken out of the cluster chamber 50illustrated in FIG. 27.
The semiconductor substrate has such a copper, wiring

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

A.second copperfilm 54 is deposited over the copperfilm
53 by plating such that the recesses and holesare filled with
the second copper film 54.As a result,asiltustrated in FIG.
34, itis possible tofabricate a structure comprised of the
multi-layéred barrier layer 17, the copper film 53 formed by

- CVDor sputtering, and the second copperfilm 54 formed by
plating. Thereafter, as illustrated in FIG. 4D, for. instance,
thé 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 with the preferred embodiments,the presen! inven-

tion provides the following advantages.
Thé first advantage is that it is possible to have a

diffusion-barrier film having sufficient barrier characteristic
of preventing copper diffusion and high 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.

The second advantage iis thatit is possible to successively
fabricate the diffusion-barrier film in a common chamber.
This ensures reduction in’ apparatus cost and reduction in
time forfabricating. the diffusion-barrier film.

This ig becatise that it ispossible to successively form an
: amorphous metal nitridé film and a crystallinenitrogen-

- containing’ metal film by instantaneously changing only RF

35

40

‘45
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55°

powerwith a volume ratio of a nitrogen ‘gasto a.“process gas
introduced into a chamber, being kept constant. In accor-
dance with this method, anupper-metalfilm in the diffusion-
barrierfilm inevitably contains 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 ofan apparatus of transferring a semicon-
ductot substrate in vacuum. Asa result, reliability in a-copper wiring layer can be enhanced..

Whilethe 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 presentinvention 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, modifi-

: cations and equivalents as can be included within the spirit
and scope of the following claims.

Theentire disclosure of Japanese Patent Application No.
11-214110 filed ‘onJun. 24, 1999 including specification,
claims, drawings and summary is. incorporated |herein by
reference in its entirety.

Whatis claimedis:
1. A barrier film preventing diffusion of copper from a

copper wirirg layer formed on a semiconductor substrate,
. comprising a multi-‘layered structure of. first and second

60

65

films,

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

said’ second film being ‘composed of amorphous metal
nitride, .

said barrier film being constituted’ of common metal
atomic species,.said first film being formed on said’second‘tli,
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said first film in direct contact with said second film, ,

saidfirst 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
secondfilm has a thickness in the range of 80 angstroms to
150 angstroms both inclusive.

3. The barrierfilm asset forth in claim 1, wherein saidfirst
film has a thicknéss in the range of 60 angstromsto 300
angstroms both inclusive.

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

is composed of Ta,N. Lo
5. A multi-layered wiring structure comprising a barrier

film which prevents diffusion of copper from a coppet
wiring layer formed on a semiconductor substrate,

said barrier film having a multi-layered structureoffirst
and second films, "

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

said second film being composed of amorphous metal
nitride,

said barrier film being constituted of common metal
atomic species,
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said first film being formed on said second filzn,
said first film in direct contact with said secondfilm,
said first film containing nitrogen in a smaller content than

that of said second film. :

6. The multi-layered wiring structure 2as set forth in claim
5, wherein said second film hasa thickness in the range of
80 angstroms to 150 angstroms both inclusive.

7. The multi-layered wiring structure as set forth in claim
5, wherein said first film has a thicknessiin 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.an-insulating film formed on an under-
lying wiring layer.

9. The multi-layered wiring structure as set forth in claim
5, further comprising a copperfilm formed on saidfirst film.

10. The multi-layered wiring structureasset forth in claim
5, wherein said first film is composed of B-Ta and TaNg1,
andsaid second film is composed of Ta,N.

* * * * *



 

    
   
     

  

       
  

  
       

   
 

    
   

   

   

  

     
  

    
          

          

      
    

   
    

   
  

        

 

  

 

  

Page 46 of 333

file:///c:/APPS/preexam/correspondence/1.htm -

UNITED STATES DEPARTMENT OF COMMERCE |
Patent and Trademark Office

. Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 2023)

AABib Data Sheet  
SERIALNUMBER | gj}972000 CLASS GROUP ART UNIT | DOCKETNO.

09/59 Pe my/596,415 [- oo 257 | 2811 13715 
IAPPPLICANTS.qreninsssseanoqeedfoarnseivoensotiottots

Masayoshi Tagami, Tokyo, JAPAN:
Yoshihiro Hayashi, Tokyo, JAPAN;

} * CONTINUING DATA PRRAIAIRAIDARTISANS : . .>

ee FOREIGN APPLICATIONS eilaaiaeiaeiaiidiiaeiaaiael
JAPAN 11-214110 06/24/1999 —

1F REQUIRED, FOREIGN FILING LICENSE GRANTED
pr" 08/16/2000 Seon

 
 

 

 
 

  

 

 
iForeign Priority claimed

85 USC 119 (a-d) conditions | STATEOR | SHEETS
t | COUNTRY|DRAWING |

iScully Scott Murphy & Presser
1400 GardenCity Plaza us
{Garden City NY 11530_ é

‘TITLE co

, Mutt“layered wiring layer and method¢of abricating the ssame

“FILING FEE IFES: Authority has been givenin Paper —RECEIVED No. to charge/credit DEPOSIT ACCOUNT
for following:

 

lof} | . . 8/16/00 10:55 AM

 

Page 46 of 333



   

   
   

  

   

 
 
 

 
 
 

  

Page 47 of 333

PATENT APPLICATION SERIAL NO.

U.S. DEPARTMENT OF COMMERCE

_/ PATENT AND TRADEMARK OFFICE
FEE RECORD SHEET

06/26/2000 JWASHING 00000067 09596425

OL FC3101 : 690.00 OP
FC:102 234.00 OP63 Feo 288.00 OP.

/

PTO-1556

(5/87)

"U.S. GPO: 1999-459-082/12144

Page 47 of 333



 
    

   
  

         

 
  

   

    

     
  

  

                   
   

         

 

  

   

           

          

  

          

  

          

 

 

 

 

        

     

    

      

     

     

   

    

       

 

   

   

  
 

   

      

Page 48 of 333

Oe

‘Express Mail Label No. EE692181515?

8 UTILITY PATENTAPPLICATION TRANSMITTAL [|ns
a (Large Entity) | a

-Only for newnonprovisional applications under 37 CFR 1. 53(b)) Total Pagesin this Submission

06 ~ 40-00 ae

 
  

 &

To THE ASSISTANT COMMISSIONER FOR PATENTS
Box Patent Application

Washington, D.C. 20231

Transmitted herewith forfiling under 35 U.S.C. 1141(a) ahd 37 C. F. R. 4.53(b) is anew utility patent application for an |inventionentitled:

MULTLLAYERED WIRING LAYER AND METHODOF FABRICATING THE SAME

and invented by:
Masayoshi Tagami,etal.

 

Fa a CONTINUATION APPLICATION, check appropriate box and supply the requisite iinformation:
D Continuation © Divisional O Continuation-in-part (CIP) of prior application No.:
Which is.a: 7
a Continuation | Q) Divisional © Continuation-in-part (CIP) of prior application No.:
‘Which jis a: .

i Continuation © Divisional O Continuation-in-part (CIP) ~ of prior application No.:
Application Elements-)

Filing fee as calculated and transmitted as described below

Specification having 39 pages andincluding the following:

Descriptive.Title:‘of the Invention
Cross References to Related Applications (if applicable)
Statement Regarding Federally-sponsored Research/Development(if applicable)
Reference to Microfiche Appendix (if applicable) .

Background of the Invention
keOOD
i Brief Summary of the Invention

ix Brief Description of the Drawings (if drawingsfiled)
x Detailed Description

(x Claim(s) as Classified Below

x Abstract of the Disclosure

Pagelof3 So : . POIULRG/REVO4

Page 48 of 333



   
 

        

 

    

 

 

  

        

     

    

  

       

            

         

   
                         

        
     

          
                 

                 
   

      

            

  

       

        

  

       

          

      

         

   

   

    

         

     

    

    

Page 49 of 333

 

Docket No.UTILITY PATENT APPLICATION TRANSMITTAL Th - 13715
(LargeEntity)

_ (Only for new nonprovisional applications under 37 CFR 1.53(b))

  
Total Pagesin this Submission: 

Application Elements (Continued)
3. . Drawing(s) (when necessary as prescribed by. 35 USC 113)

a. & Formal Numberof Sheets 18
b. C] Informal . Numberof Sheets

4. Oath or Declaration

a. Newly executed (original or copy) Q Unexecuted
b. O Copyfrom a prior application @7 CFR1.63(d)) (for continuation/divsional application only) ”
Cc. With Power of Attorney. . oO Without Powerof Attorney
d. O DELETION OF INVENTOR(S) ©

‘Signed statement attached deleting inventor(s) namedin the prior. application,
see 37 C.F.R. 1.63(d)(2) and 1.33(b).

‘O Incorporation By Reference (usable if Box 4b is checked) .
The entire disclosure of the prior application, from which a copy of the oath or ‘declaration is supplied:
under Box 4b, is considered as being part of the disclosure of the accompanying application and. is hereby |
incorporated by reference therein.

 
‘* 6. Computer Program in Microfiche (Appendix)

7. CL) Nucleotide and/or Amino Acid Sequence Submission(if applicable, all must be included)

” a. Q Paper Copy

b O Computer Readable Copy (identical to computer copy) — c. L) Statement Verifying Identical Paper and Computer Readable Copy
Accompanying Application Parts.

 
8. (x) Assignment Papers (cover sheet & document(s))

9. C). 37 CFR 3.73(B) Statement (whenthere is an assignee). , ‘ : }

10. () English Translation Document (if applicable) |
11. ry Information DisclogureStaterientPTO-1449 Xl Copies of IDS Citations

12. 0 Preliminary Amendment |
13. & Acknowledgment posteard
14. Certificate of Mailing :

OC) First Class “&) Express Mail (Specify Label No.): EE692181515US

' Page 2 of 3 ‘ .. 7 POTULRGIREVOS

Page 49 of 333



 

  

  
 

     

 

   

   

           

      

   

       

  

    

   

               
             

          
       
   
            
                 

    

  
       

    
   

   
  

 

   

Page 50 of 333

  
 

UTILITY PATENT APPLICATION TRANSMITTAL || tants
(Large Entity)

-|{ Total Pagesin thisSubmissi

(Only for new nonprovisional applications under 37 CFR 1. 53(b)) . |
‘Accompanying Application Parts (Continued)

  
15. Certified Copy ofPriority Document(s) (if foreign priority is claimed)

16. () Additional Enclosures (please identify below): .

 
 

Fee Calculation and Transmittal

CLAIMSAS FILED

#Filed —-#Allowed ~—s#Extra |
- $288.00

$234.00

BASIC.FEE ~. $690.00 .  
TOTAL FILING FEE|) .. $1,212.00

Acheck inthe amount of ' $1,212.00° | to coverthe filing fee is enclosed.5 The Commissioneris hereby authorized to charge and credit Deposit Account No. 19-1013/SSMP
as described below. Aduplicate copy of this sheet is enclosed.

Charge the amountof asfiling fee. ©

Credit any overpayment:
Charge any additional filing fees required under 37 C.F.R. 1.16 and 1.17.
Chargethe issue fee setin 37.C.F.R. 1.18 at the mailing of the Notice ofAllowance,
pursuant to 37 C.F.R. 1.311(b). ,

 

— ; . Paul J. Esatto, Jr .
Dated: June 19, 2000 : Registration No. 30, 749

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

 
Page3of3 - Sa ; PO1ULRGIREVO4

 

Page 50 of 333



    

   
 

        
 

     
  

  

                   
 

        

  

   

           

          

  

         

  

          

 
 

          

         

      

        

       

       

     

      

         

   

     

     

   
 

   

Page 51 of 333

Express Mail Label.No. EE69: 515US

~- UTILITY PATENTAPPLICATION TRANSMITTAL ans
(Large Entity) Total Pagésin this Submissi |

(Only for new nonprovisional applications under 37 CFR 1.53(b))

TO THE ASSISTANT COMMISSIONER FOR PATENTS

Box Patent Application .
Washington, D.C. 20231

Transmitted herewith for filing under 35:U.S.C. 111(a) and 37 C.F.R. 1.53(b) is a new utility patent application for an
invention entitled: =

MULTI-LAYERED WIRING LAYER AND METHOD OF FABRICATING THE SAME

 

 
 

 
{and invented by:

Masayoshi Tagami,et al.

t

if a CONTINUATION APPLICATION, check appropriate box and supply the requisite information:
-). Continuation © Divisional Q Continuation-in-part (CIP) of prior application.No.:
Which is a: ° = Oe |
a Continuation © Divisional C) Continuation-in-part (CIP) of prior application No.:
Whichis a: .

Q Continuation ( - Divisional ( Continuation-in-part (CIP) of prior-application No.:

Enclosed are:
Application Elements

1. Filing fee as calculated and transmitted as described below

2. Specification having 39 . pages andincluding the following:
p {x Descriptive Title of the Invention

Cross References to Related Applications(if applicable)

Statement Regarding Federally-sponsored Research/Development (if applicable)oO OOoO
Reference to Microfiche Appendix (if applicable)

@ ix Backgroundof the Invention

Brief Summary of the Invention

Brief Description of the Drawings(if drawings filed)

=>a xk
Detailed Description

x Claim(s) as Classified Below

x Abstract of the Disclosure

Page t of 3 POIULRG/REVO4

Page 51 of 333



   
 

        

  

          

  

  

  

  

 

    

 

 

    

       

             

          

 

 

  
         

     

        
                 

                 
   

      

             

   

       

        

  

       

         

      

         

   

   

    

         

   

 

 

 
    

Page 52 of 333

 Ma gat

UTILITY PATENT APPLICATION TRANSMITTAL
(Large Entity)

(Only for new nonprovisional applications under 37 CFR 1. 53(b))

 

 qo Docket No. :

"13715

Total Pagesin this Submission |}

  
 

.Application Elements (Continued) Sen =
3. Drawing(s) (when necessary as prescribed by 35 USC 113) ! a =e :

NO Sn |
a. & Formal Number of Sheets "18 a. . a

b. £) ‘informal. Numberof Sheets o> S=° |
- , =

4. Oath or Declaration

a. Newly executed (original or copy) QO Unexecuted
b. (Q Copy from a prior application (37 CFR 1.63(d)) (for continuation/divisional application only) °
C. With Power of Attorney (©) Without Powerof Attorney
dO DELETION OF INVENTOR(S)

- Signed statementattached deleting inventor(s) namedin the prior. application, .
see-37 C.F.R. 1.63(d)(2) and 1.33(b).

5. Incorporation By Reference (usable if Box 4b is5 checked) :
The entire disclosure of the prior application, from which a copy of the. oath or declaration is supplied
under Box4b, is considered as being part of the disclosureof the accompanying application and is hereby :
incorporated by reference therein.

6. () Computer Program in Microfiche (Appendix)
7. © Nucleotide and/or Amino Acid Sequence Submission(if applicable, all must be included) .

a O Paper, Copy. : : .
b, | ( Computer Readable Copy (identical to computer copy) .
c. Q Statement Verifying identical Paper and Computer Readable Copy

Accompanying Application Parts :
8. Assignment Papers (cover sheet & document(s)) : - ; | “ .

9. O 37 CER 3.73(B) Staternent (when there is an assignee)
10. ©. English Translation Document(if applicable)

11 Information Disclosure Statement/PTO-1449 | a4 Copies of IDS Citations
12. © Preliminary Amendment

13 @ Acknowledgment postcard . SO | ,
14. .Cettificate of Mailing

C) First Class Express Mail (Specify Label No.): EE692181515US

Page2of3 ¢ ro . PO1ULRG/REVO4

Page 52 of 333



   
 

        

   

          

      

   

  

     

       

  

    

   

              

             

          

       

   

            

                 

    

   
       

    
   

   
  

 
   

Page 53 of 333

  aenf

_ UTILITY PATENTAPPLICATION TRANSMITTAL ane
(Large Entity) oe Total Pagesin this Submissi

(Only for new nonprovisional applications under 37 CFR 1.53(b))

Accompanying Application Parts (Continued)

 

15. Certified Copy of Priority Document(s) (if foreign priority is claimed) —

16. Additional Enclosures (please identify below): .

 
 

Fee Calculation and Transmittal

a | CLAIMS AS FILED

#Filed - #Allowed #Extra

Multiple Dependent Claims (checkif applicable) Oo

 

BASIC FEE|| .. $690.00

OTHERFEE(specify purpose)    
TOTALFILING FEE $1,212.00 |

A checkin the amountof $1,212.00 to coverthe filing fee is enclosed.
The Commissioneris hereby authorized to charge and credit Deposit Account No. 19-1013/SSMP
as described below. A duplicate copy of this sheet is enclosed.

  

© Chargethe amountof ~~ | as filing fee.
Credit any overpayment.

Charge any additional filing fees required under 37 C.F.R. 1.16 and 1.17.

CO) Charge theissue fee set in 37 C.F.R. 1.18 at the mailing of the Notice of Allowance,
’ pursuantto 37 C.F.R. 1.311(b).

: Signature -

. Co -Paul J. Esatto, Jr. ,
Dated: June 19, 2000 ‘ Registration No. 30, 749 -

“ Scully, Scott, Murphy & Presser
_ , / - 400 Garden City Plaza —

. Garden City, NY 11530
cc: _ . (516) 742-4343

Page 3 of 3 ‘ POI ULRG/REVO4

Page 53 of 333



  

    

    

   

         

            

      

    

           

             

             

          

           

              

         

            

             

      

          

           

          

            

            

     

           

             

Page 54 of 333

MULTI-LAYERED WIRING LAYER

| AND
METHODOFFABRICATING THE SAME

5 BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION .

The invention relates to a semiconductor integrated circuit including a
_ copper wiringlayer, and more particularly to a barrier film which prevents copper

diffusion from such a copper wiringlayer.

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, it is necessary to

compose a wiring layer of copper in place of aluminum.

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

However, sincecopper does not form passive state composed of an oxidefilm, at a

surface thereof, unlike aluminum, copperis morecorrosive than aluminum.
Inaddition, since copper has a high diffusion rate in both silicon (Si)

20 andsilicon dioxide (SiO,), if copper enters MOSFET formed on a silicon substrate,
copper, would induce reduction in carrier lifetime. |

 
Hence, it is absolutely necessary for a semiconductor device having a

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

copper into an interlayer insulating film formed between copper wiringlayers.

25 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

~Y
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copperdiffusion form a copper wiringlayer.

For instance, a structure of a barrier metal layer is suggested in the

following articles:

(a) Semiconductor World, Nobuyoshi Awaya, February 1998, pp. 91-96
5 (hereinafter, referred to as Prior Art 1); . |

(b) Advanced Metallization and Interconnect Systems for ULSI Applications
in 1997, Kee-Won Kwonet al., 1998, pp. 711-716 (hereinafter, referred to Prior Art
2);

(c) Journal Electrochemical Society, M. T. Wangetal., July 1998, PP 2538-
2545 (hereinafter, referred to as Prior Art 3); and

(d) 1998 Symposium on VLSI Technology Digest of Technical Papers, D.
Denninget al., 1998, pp. 22-23. |

In addition, a structure of a barrier metal layer and a method of

fabricating the same both for preventing copper diffusion is suggested alsoin

Japanese Unexamined Patent Publications 8-139092, 8-274098, 9-64044 and 10-
256256, and Japanese Patent Application No. 10-330938. Herein, Japanese
Patent Application No. 10-330938 is not published yet, and hence does not

 
constitute prior art to the present invention. However, it is explained in the

specification only for better understanding of the present. invention. The

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

constitutesprior art to the present invention. |
It is quite difficult to dry-etch copper, and hence, a copper wiringlayer

is formed generally by chemical mechanical polishing (CMP).
~ Specifically, a copper wiring layer is formedasfollows.

25 An insulating film is formed on an underlying copper witing layer. |
Then, the insulatingfilm 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 the through-hole therewith such that the recess and the
through-hole is completely covered at surfaces thereof with the diffusion-barrier
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film in order to prevent copperdiffusion from uncovered region. |

Thereafter, a copper film is deposited filling the recess and the

through-holetherewith by CVD or sputtering. Then, the copper film and the

diffusion-barrier film are removed in selected regions by CMP. Thus, a copper

5 wiring layer is completed. . |

As will be obviousto those skilled in the art, the diffusion-barrier film is

required to have high coverage as well as capability of preventing copper diffusion
and adhesionto copper. | |

‘The diffusion-barrier film is composed, for instance, of refractive metal

such as tungsten (W), tantalum (Ta)or titanium (Ti), or nitride of such refractive

metal such as tungsten nitride (WN), titanium nitride (TiN) or tantalum nitride

(TaN). | |
As explained in Prior Art 2, for instance, a tantalum (Ta) barrier film 

has high adhesion with a copper film formed on the tantalum barrier film by

sputtering, ensuring improvement in crystallinity of the copper film. However, .

since copper is diffused into the tantalum film, it would be necessary for the

tantalum barrier film formed below the copper film, to have a thickness of 50 nm — 
or greater.

Prior Art 4 reports that if a copperfilm is formed on a tantalum film by
20 CVD,fluorine (F) segregates at an interface between the copper film and TaN,

resulting in degradation in adhesion therebetween. . |
Prior Art 3 reports thata crystalline TaN barrier film oriented in

diréctions of (200) and (111) can preventcopper diffusion more highly than a

crystalline Ta barrier film.

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

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

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

3

Qe
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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 gasis introduced into a sputter chamberto 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. . |

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

is removed by argon plasmaprior to carrying out sputtering.
However, the conventional barrier film for preventing copper diffusion

is accompanied with the following problems.

The first problemiis that it is quite difficult to make a diffusion-barrier _
film have both a characteristic of preventing copper diffusion and a sufficient
adhesiveforce with copper.

Asillustrated in Fig. 2, it is now assumed to form a metalfilm 5 having
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 thegrains 6 exist throughout the metalfilm 5,

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

boundaries 7 define paths 8 through which copperis diffused. As a result, the
metal film 5 haslow barrier characteristic of preventing copperdiffusion.

AS illustrated1in Fig. 3, it is now assumed to form a metalfilm 5a ona
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-like structure similarly to the metalfilm 5 illustrated in Fig. 2, and

accordingly, the. metal film 5a would. have small barrier characteristic of
preventing copperdiffusion.
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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 a
tantalum film, by sputtering, the copper film would have high adhesion andrich

crystal orientation, though a barrier characteristic of preventing copper diffusion
5 would be deteriorated. As a result, the copper film would enhance reliability in’

copper wiring. | | ~ . .
In contrast, the metalfilm 5a illustrated in Fig. 3, which is composed of

' particles 9 such as amorphous TaN and formed on the semiconductor substrate 4,
has small resistivity, specifically in the range of about 200 to 250 wu Q cm, and
does not have the paths through which copperisdiffused unlike the crystalline

metalfilm 5 illustrated in Fig. 2. As a result, 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, ifa copper film s formed on the 
amorphous metalfilm 5a by CVD or sputtering, copper crystallinity and adhesion
to copper are degraded. | |

As mentionedsofar, it is quite difficult to form a diffusion-barrier film havinga single-layered structure comprised only of a crystalline metal film or an
amorphous metal nitride film, and further having high barrier characteristic of ©

20 preventing copper diffusion and high adhesion to copper.

The second problem is caused when a diffusion-barrier film is designed —
to have a multi-layered structure in order to avoid the above-mentioned problem
of the single-layered diffusion-barrier film. |

For instance, if a diffusion-barrier film is designed to have a multi-
‘25~~layered structure compriséd 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-barrierfilm 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 amorphousmetalnitride film by

sputtering, the crystalline metal film and the amorphousmetalnitride film had to

be separately formedin the same sputtering chamberor be formed in separate |

- sputtering chambers.

For instance, the above-mentioned Japanese Patent Application No.
10-330938 has suggested a methodincluding the steps of introducing an ‘argon 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. |

However, in accordance with this: method, the titaniumnitride film
cannot be formed until partial pressures of argon and nitrogen becomestable by

varying a mixture ratioof argon and nitrogen. Hence,it is impossible to enhance
a fabrication yield of fabricating a diffusion-barrier film having a multi-layered o
structure. | |

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 sputtered is low, '

specifically, equal to 1Pa 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 recessor hole, it would almost
impossible to deposit a metal film such that such a recess or hole is completely

covered withthe 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 effect in

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

6.
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' plasma.

Inorder 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 metalfilm onto an inner sidewall of the recess.

The fourth problem is that a crystalline metal film having high
adhesion with a copperfilm tends.to react with atmosphere to thereby a reaction

layer at a surface thereof. . .
Such a reaction layer would much déteriorate adhesion of a metal film

with a copperfilm. .

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 by argon plasma prior to deposition of a diffusion-barrier film by
sputtering. When an underlying wiring layer 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 copperfilm is formed on a tantalum
film and an amorphous TaN film by CVD, adhesion between the copperfilm and a

diffusion-barrier film is deteriorated.

SUMMARYOF 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
~ an interlayer insulatingfilm.

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-barrierfilm.

A further object of the present invention is to provide a‘method of
fabricating a multi-layered copper wiring layer in which copperis 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 secondfilm.
It is preferable that the second film has a thickness in the range of 80

angstroms to 150 angstromsbothinclusive. | |
It is preferable that the first film has a thickness in the range of 60

angstromsto 300 angstromsboth inclusive. .

In another aspect of the present invention, there is provided a multi-
layered wiring structure including a barrier film which preventsdiffusion 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 composedof 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.
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It is preferable that the multi-layered wiring structure further includes
a copperfilm formed on thefirst film.

In still another aspect of the present invention, there is provided a

methodof 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 secondfilms,
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 -

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 angstromsboth inclusive.

It is preferable that the first film has a thickness in the range of 60.
angstroms to300 angstromsboth inclusive. . .

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 thestepsof(a) preparing gas containing nitrogen therein, and (b)

varying the RF powerto thereby successively form a diffusion-barrier filmhaving

a multi-layered structure of first and secondfilms,thefirst 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.

There isstill 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
therebya first film, witha concentrationof nitrogen in plasma gas 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 whenthefirst film is
formed by a predetermined thickness, to thereby forma second film on the first
film.

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

therein. . |
There is yet further provided a methodof forming a copperwiringfilm,

including the steps of (a) radiating plasmaofargon containing hydrogen therein,
to a recess or hole formed at an insulating film formedon a semiconductor

substrate, (b) forming adiffusion-barrier film to cover the recess or‘hole therewith
without exposing to atmosphere, the diffusion-barrier film having a multi-layered
structure of first and second films, the first film being composed of crystalline
metal containing nitrogen therein, the second film being composed of amorphous:
metal nitride, and (c) forming a copper film on the diffusion-barrier film without. °
exposing to atmosphere. | |

It is preferable that the diffusion-barrier film is formed by sputtering.
It is preferable that the copper filmiis formed in vacuum.
It is preferable that the copper film is formed by thermal chemical

vapor deposition in which thermal dismutation ina complex of organic metal is
utilized. |

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

_ copper target is used.

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 makesdirect contact with a crystalline metal film containing nitrogen
therein, ensuring high adhesion therebetween and high crystallinityof a copper
film. .

In addition, since the metal film contains nitrogen therein, copper
diffusion into a semiconductor device can be prevented more effectively than a

metalfilm having purecrystals.~ | |

In the diffusion-barrier film in accordance withthe present invention,
an amorphous metal film containing nitrogen therein hes 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 filmin accordance with the present invention, it is
possible to not only ensure high crystallinity and high adhesion of a copper wiring |
layer, but also to prevent copper diffusion. | .

The method in accordance with the present invention makesit 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 filmis composed of crystalline metal containing |
nitrogen therein, and the second film is composed of amorphous metal nitride.
The barrierfilm is constituted of metal atomic species of sputtertarget.

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 amorphousmetalnitride film ~

is formed. Immediately after the formation of the amorphous metal nitridefilm,
the electric power source is set to generaterelatively high power-to thereby form a
film without allowing sufficient time for reaction between nitrogen and target
metal. Asaresult, 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 metalfilm containing nitrogen therein and an amorphous
metal nitride film. oO

The method of fabricating a diffusion-barrier film employs RF /

magnetron sputtering in which rotational magnetic 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 diffusion-barrier film. |

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

Then, a diffusion-barrier film is formed to cover the recess or hole
therewith without exposing to atmosphere, wherein the diffusion-barrier film has
a multi-layered structure offirst and secondfilms, 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 the diffusion-
barrier film in vacuum. . Asa result, there is obtained a multi-layered structure
comprised of the diffusion-barrier film and thecopper wiring film without a metal |
oxide layer being sandwiched therebetween.

The above and other objects and advantageousfeatures of the present |

invention will be made apparent from the following description made with

122 |
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reference to the accompanying drawings, in which like reference characters

designate the sameorsimilar 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 embodimentof the present invention, illustrating thefirst step of a

method of fabricating the same. |

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

with the first embodimentof the present invention,illustrating the second step of
a methodoffabricating the same.

Fig. 4C isa cross-sectional view ofa diffusion-barrier film in accordance
with thefirst embodiment ofthe present invention,illustrating thethird step of a
method of fabricating the same. |

Fig. 4D isa cross-sectional view of a diffusion-barrier film in accordance
with the first embodimentof the present invention,illustrating thefourth 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 ofa tantalum film in
high-pressure RF magnetron sputtering.

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

- tantalum film in high-pressure RF magnetron sputtering.

Fig. 9 is a graph showing a relation among a ratio ofa nitrogen gasina |

13
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mixture gas introduced into a chamber, RF power, andresistivity of a film formed

by sputtering.

Figs. 10 to 18 are graphs eachshowingfilm quality and characteristics

of TaN andTafilmsin high-pressure RF magnetron sputtering.
Figs. 19 and 20 are photographs of a film formed by high-pressure RF

magnetron sputtering which photograph is taken by méansof a scanningelectron
microscopy (SEM). |

Fig. 21 is a cross-sectional view ofa diffusion-barrier film formed by

high-pressure RF magnetron sputtering which barrier-diffusion film is comprised
of a crystallineTa film containing nitrogen in solid solution and an ‘amorphous
metal TaN film. | |

_ Fig. 22 is a photograph of a film formed by high-pressureRF magnetron

sputtering which photograph is taken by meansof 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. |

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

| Fig. 26 is a cross-sectional view of a diffusion-barrier film covering a
recess formed ata surface of an insulating filmformed above lower wiring layers.

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

wiring layer. 7
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-
barrier film. ( _

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

14
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accordance with the seventh embodiment.

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

accordance with the seventh embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
| Preferred embodiments in accordance with the present invention will

be explained hereinbelow with reference to drawings. . |
_ A method of fabricating a diffusion-barrierfilm in accordance with the

preferred embodiment is explained hereinbelow with reference to Figs. 4A to 4D.
As illustrated in Fig. 4A, afirst 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 copperwiring layer44 is buried in thefirst insulating

film 12a. The second insulating film 12b is formed at a surface thereof with

recesses 13 in each of which a wiringis to be formed. Holes 14 reach the first

insulating film 12a from a bottomof 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 is formed on the semiconductor substrate 11 in a |

nitrogen-containing gas by sputtering in which a sputtering target is composed of
refractive metal.

First, an electric power source for generating plasmais set to generate.

relatively low power with a concentration of nitrogen in plasma gas being kept

constant. As a result, the target metal makessufficient reaction with nitrogen,

and an amorphous metalnitride film 15 is deposited over a surface of the second

insulatingfilm 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
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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. | -

Thus, as illustrated in Fig. 4B, it is possible to successively and
effectively fabricate the diffusion-barrier film 17 having a multi-layered structure,
on both an inner sidewall and a bottom of the recesses 13 and the holes 14 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 coverageof the diffusion-barrier film17.

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, 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 diffusion-barrier film 17 and the

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

Thus, there is obtained a copper wiring structure having highreliability.

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 characteristicof 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
copperfilm 18 into the second insulating film 12b. | 7

Hereinbelow are explained detailed examples of the above-mentioned
embodiment. oo

[First Example]

16
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. In thefirst example, hereinbelow is explained sputtering for fabricating
a multi-layered structure comprised of a crystalline metal film containing
nitrogen therein and an amorphous metalnitridefilm.

| Thesputtering 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 107” |
Pa to about 1 x 10° Pa bymeansofa pump 33 such as a dry pump, a cryosorption
pump oraturbopump. In the chamber21 is placed a heater 34 which can heat a
semiconductor substrate 22 introduced into the chamber 21, up to about 20 to 300
degrees centigrade. A metal target 28 or the semiconductor substrate 22 is

designed to be able toraise 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 rateby

means of mass flow controllers 31, and then, introduced into .the 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 chamber. 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. Asa result, it is
possible to enhance uniformity of a film to be formed on the semicondtictor

substrate 22. .

ARF 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 18.56 MHz tto 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 metal28 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, andthus, the crystalline metal film 16containing 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 3means of
the above-mentioned RF magnetron sputtering apparatus. The coverage
characteristicof the tantalum film is shownin Fig.6.

The hole 14 had a diameter in the range of 0.3um to 154m. The

second insulating film 12b had a thickness of about 1.5 um where the hole 14 was.
formed.-

As is obvious in. view of Fig. 6, as a sputtering pressure is increased
from 2 Pa to17 Pa, bottom coverage is enhanced. Herein, bottom coverage ‘is.
defined as a ratioof a thickness of the tantalum film at a bottom of thehole'14 toa
thickness of the tantalum film at a surface of the second insulating film 12b,
Specifically, when a sputtering pressure is over 5.Pa, sufficient coverage can be
obtained to a hole having a great aspect ratio. |

| A thickness of the tantalum film at an inner sidewall of the hole 14 is

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

The reason of this phenomenonis considered as follows.
Thefirst reason is an increase in the number of Ta iions inn plasma gas,

as illustrated in Fig. 7.

As a sputtering pressure is increased, tantalumatomics increasingly

18
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make collision with excited argon atomics, resulting in that argon atomics are

facilitated to be ionized. The resultant tantalum ions are attracted to. negative ©
self-bias generated at the semiconductor substrate 22. Asa result, an incident
angle at which tantalum ion flux 35 is radiated to the semiconductor substrate 22
becomes nearly 90 degrees. Thus, overhanging which occursin the vicinity of an

edgeof recess or hole in conventional sputteringis suppressed, ensuring tantalum
atomics to reach a bottom of the hole 14 or recess 13. Asa result, a tantalum film
36 entirely covers an inner sidewall of thehole 14.

The second reason is that the deposited tantalum film 36 is re-
sputtered by argon ions39,asillustrated 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

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

tantalum film 36 having been deposited onto the semicoriductor substrate 22 is
re-sputtered. Since the tantalum film deposited in the vicinity ofan edge of the

hole 14 or recess 13 and causing overhangingis re-sputtered by the argon ions 39,

as indicated with an arrow 37, tantalum atomics 38 directing to a bottom of the .
hole 14 or recess 13 are not interfered at the edge of the hole 14 or recess 13.
Accordingly, it is ensured that a tantalum film is deposited on a bottom and an.
inner sidewall of the hole 14 or recess 13. |

In addition, since the tantalum film 36 deposited on a bottom of the hole
14 or recess 13 is re-sputtered by the argon ions 39, tantalum atomics generated
by re-sputtering are deposited again on an inner sidewall 40 of the hole 14 or
recess 18, ensuring enhancementin coverage at the sidewall 40 of the hole 14 or

recess 138. a .
It is not possible to determine whichis a main reason for enhancement

in coverage among the above-mentioned first and second reasons. However,
since meanfree path of plasmaionis just a few millimeters under a pressure over .
5 Pa, it is considered that almost 90 degrees of an incident angle of the tantalum

Ly
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ion flux 35 does not contribute toenhancementin coverage so much. The main
reason why the coverage is enhancedis considered that argon ions are generated

in a sufficient density by virtue of a high pressure, and a tantalum film having

been deposited are re-sputtered by the argon ions. |
In accordance with the experiments the inventor had conducted, it was

confirmed that coverage was enhanced in sputtering ofa 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 betweena flow rate ratio andresistivity 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 asa
ratio of a volumeof argon gas to be introduced into the chamber 21 toa volume of
nitrogen gas to be introduced into the chamber21 (N,/(Ar + N,)).

The relation shownin Fig. 9 was observed when the chamber 21 hada
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.

As a ratio of N, gas in the flow rate ratio N,/(Ar + N,) is increased, the
resistivity is once reduced, and thereafter, increased again, regardless the RF

power. However, an increase rate of the N, gas ratio is dependent on the RF
power. Theresistivity increases at a lower rate at the greater RF power.

Figs. 10 to 13 show how X-ray diffraction (XRD) patterns vary as the N,

gas ratio is varied when RF power of 6 kW(8.5 W/cm’)is applied to the tantalum -
target having a diameter of 300 mm.

Specifically, Figs. 10 to 13 shows XRD patterns when theN, gas ratio is
equal to 0%, 1%, 5%, and 7% respectively. Hereinbelow are éxplained Figs. 10 to
13 in comparison with Fig. 9.

20
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Whenthe N,gasratio is equal to 0%, there is obtained a B —Ta (002)-

oriented crystalline tantalum film which hasresistivity in the range of about 160
to 200 uw Q-cm,asillustrated in Fig. 10.

Whenthe N, gas ratio is equal to 1%, there is obtained a crystalline

metalfilm (herein, a tantalum film) containing nitrogen therein, whichincludes

B —Ta and TaN,, in mixture and which has resistivity in the range of about 100
u Q-em, as illustrated in Fig. 11.

Whenthe N,gas ratio is equal to 5%,it is understood in view of Fig. 12

that XRD pattern strength is reduced, and hence, there is formed an amorphous

metal nitride film, which hasresistivity in the range of about 200 to 250 u Q -cm.
When the N, gas ratio is equal to 7%, a crystalline metal nitride film |

.(Ta3N,)is formed, andresistivity is further increased,as illustrated in Fig..13.

As mentioned above, when the tantalum targetis selected, a crystalline

‘structure, composition andresistivity of a film to be formed by sputteringvary in

dependence on both a concentration of nitrogen gas in sputtering gas and RF
power. Conversely speaking, this means that it is possible to control
characteristics of a film to be formed by sputtering, by controlling both a
concentration of nitrogen gas in 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 N, 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 N, composition ratio constant, and to vary only RF

power, to thereby control a crystalline structure, composition and resistivity of a
film to be formed by sputtering. |

Fig. 14 shows howresistivity varies when only RF poweris varied while |
a N, gas ratio is kept fixed at 2%. As is obviousin view of Fig. 14, it is understood
that it is possible to control film quality andresistivity of a film to be formed by »

sputtering, even when only RF poweris varied. In Fig. 14, resistivity is 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 RFpoweris equal to 2 kW, 3 kW, 6

kW and 8 kW,respectively. - oe |
Specifically, when RF power is equal to 2 kW, there is obtained

amorphous Ta,N,as illustrated in Fig. 15. By increasing. RF power, there is
obtained crystalline TaN,,. When RFpower is equal to 8 kW, there is obtained a
crystalline metal film containing nitrogen therein, which includes a 6-Ta film
and TaN), in mixture. | |

| Figs. 19 and 20 are SEM (Scanning Electron Microscopy) photographs
of films obtained when RF poweris set equal to 2 kWand 8 kw, respectively. 3

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 poweris 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-Tafilm and TaN), in mixture, and having a pillar-

like structure. |

That is, if Ta,N, which is an amorphous metal nitride film, is deposited
at 2kW of RF power, and RF power is increased up to 8 kW immediately when the
film has acquired a desiredthickness, the filmis 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 film 17 has a multi-layered structure comprised of an amorphous
25
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metal nitride film 15 anda crystalline metal film 16 containing nitrogen therein.
Specifically, the amorphous metal nitride film 15'‘is an amorphous Ta,N film, and —
the crystalline metal film 16 is composed of crystalline 6-Ta and crystalline
TaN,, in mixture. |

Fig. 22 is a SEM photographofa cross-section of the diffusion-barrier -
\ 1
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film 17 which is formed by changirig sputtering power from 2 kW to 8 kW while a
TaN film is being deposited, to thereby successively deposit the crystalline metal

film 16 and the amorphous metal nitride film 15 each by a thickness of about 500”

angstroms. It is confirmed in Fig. 22 that the amorphous Ta,N film 15-and the
5 crystalline metal film 16 containing nitrogen therein form a multi-layered

structure. | |

The reason of this phenomenonis consideredasfollows. _

When sputtering power is set equal to 2 kW,-since a sputtering rate
caused by argon ionsis relativelylow, there is sufficient time for a tantalum

10 «target to be nitrided by N, at a surface thereof. Hence, the tantalum target is
nitrided at a surface thereof. and turned into Ta,N. Since the thus produced
Ta,N is sputtered by argon ions, a Ta,N 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 sufficiently nitrided. Asa result,

15 there is obtained atantalum film slightly containing nitrogen.

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

diffusion-barrier film 17 havinga multi-layered structureand covering therewith 
the recess 13 or the hole 14 formed at the second insulating film 12b formed onthe.

semiconductor substrate 11, as illustratediin Fig. 23.20 The lower film or amorphous metal nitride mt.film 15 is required to
have such a thickness that barrier characteristic of preventing copperdiffusion is
ensured and adhesion with the underlying insulating film 12b is alsoensured. A
desired thickness of the amorphous metal nitride (Ta,N) film 15 is in the range of .
about 80 angstroms to about 150 angstroms. |

25. On the other hand, the crystalline nitrogen-containing metal film 16
‘composed of crystalline 6 -Ta and crystalline TaN,, in mixture is required to
have such a thickness that barrier characteristic of preventing copper diffusion iis
ensured and adhesion with copperis also ensured. A desired thickness of the
crystalline metal film 16 is in the range of about 60 angstroms to about 300

23
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angstroms.

[Third Example]
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 a gas having a higher |

pressure than usual, specifically a pressure equal to or greater than 5 Pa, into: a
chamber. Thatis, it is possible to form the multi-layeredbarrier film 17 under
desired coverage characteristic by switching RF powerwith a sputtering pressure
being kept equal to or greater than 5 Pa, even when there is carried out dual-

damassin process in which the recess 13 and the hole 14 formedat a surface of the
second insulating film 12b formed on the semiconductor substrate 11 are |

concurrently filled with the diffusion-barrier film 17.
[Fourth Example] |

In the above-mentioned first and second examples, the process in which .
a multi-layered barrier film is successively formed by switching. RF power while
the film is being formed is applied to RF magnetron sputtering. This ‘process

may be applied to.DC magnetron sputtering, as illustrated in Fig. 24, though a N, |
gas rratio and RF power are different from thoseiin 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 semiconductorsubstrate 22, a target metal 28 fixed toa

top of the chamber 21 by meansofinsulators 29 anda cathode 23, a pump33 for
exhausting air from the chamber 21 such that a presstire in the chamber 21is in
the rangé of about 1x 107’ Pa to about 1x 107° 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 Dc
electric power source 41 for applying a DC voltage to both the cathode 23 and the

heater 34. |

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

24

ow

  

Page 77 of 333



       

 

            

             

           

             

            

             

            

              

             

            

           

       

         

           

          

          

         

             

            

    

        

    

            

           

     

           

             

Page 78 of 333

10

 
15

 
20

25

 

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. | |

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 eachof 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

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 withthe diffusion-barrier film 17, and then, the
recesses and/or holes may be filled with a copper wiringlayer.

An example of the multi-layered structure is illustrated in Fig. 26.

The illustrated multi-layered structure is comprised of three insulating layers.

Each of the insulating layers is formed with recesses and via-holes, whichare

covered at their surfaces with a diffusion-barrier layer 17, and filled with copper

wiring layers 44a and 44b. | |

Hereinbelow is explained a method of fabricating the multi-layered

structure illustrated in Fig. 26. | | | -
| A semiconductor substrate. 11 is formed at a surface thereof with oxide

layers lla. Asemiconductor device 11b is formed on the semiconductor substrate _
11 between the oxide layers 11a.

Afirst insulating film 12a is formed on the semiconductor substrate 11.
The first insulating film 12a is comprised of, for instance, a silicon dioxidefilm.

25
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The first insulating film 12a is formed. with recess and holes reaching the
semiconductor device 1lb. The recesses and holes are covered’at their inner

surfaces with the diffusion-barrier film 17. The diffusion-barrier film 17 has a

multi-layered structure comprised of a crystalline nitrogen-containing metalfilm

and an amorphousmetalnitride 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 mentionedin thefirst example.
Then, the recesses and holesare 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 orderto prevent oxidation of the copper wiring
layer 44a,a silicon nitride film 12d is formedoverthefirst insulatingfilm 12a. .

Then,a second insulating film. 12biis formed on the first insulating film
12a. The secondinsulating film 12b iis formed with recesses and holes reaching
the copper wiring layer 44a formed in thefirst 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 are filled withthe 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] |

The sixth example relates to an apparatus anda method of successively
formingboth a diffusion-barrier film having¢a multi-layered structuré and copper ,
wiring layer. .

Fig. 27is 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 51 at acenter. The separation chamber51 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 chamber46 usedfor heating a semiconductor substrate, an etching chamber
47 used for cleaning recesses and holes, a sputter chamber48 usedfor fabricating -

a diffusion-barrier film, and a chamber 49 used for forming a copper wiringlayer,
arranged aroundthe separation chamber51.

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

semiconductor substrate to atmosphere through the use of the cluster chamber 50.
Hereinbelow are explainedsteps of fabricating a copperwiring 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/orhole.
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 7x 10~° Pa to 8X 107°Pa. |
Then, a gate valve between the lord lock chamber45 and the separation

chamber 51 is made open. The separation chamber 51 is in advance kept in a.
vacuum degree of about 5x 107° Pato 1X 107° Pa by meansof a dry pump and a
turbo pump. Hence, the semiconductor substrate is transferred into the
separation chamber52 by the robot 52 without being exposedto atmosphere.

Then, the semiconductor substrate is transferred into the chamber 46

which is in advance kept in a vacuum degree of about 6 107° Pa by means of a
dry pump and aturbo pump. The semiconductor substrate is heated at about 50

to about 200 degrees centigrade in the chamber46 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. The

27
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‘in Fig. 6.

etching chamber 47 is kept ina vacuum degree of about 5 x 10°° Pa by meansof a -
cryosorption pump, ‘dry pump and a turbo pump.

After introducing the semiconductor substrate into the etching chamber

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

are reduced and cleaned. |

The plasma-etching has an advantage that edges of a recess anda hole
are groundby the plasma-etching, and accordingly, an opening area of the recess
andhole is broadened, ensuring enhancement in coverage characteristic. |

Then, the semiconductor substrate is transferred into the sputter
chamber 48 from the etching chamber 47 by meansof the robot 52. The sputter
chamber 48 is kept in a vacuum degree of about 4x 107° 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 exampleis carried out
in the sputter chamber48. | - .

In the sputter chamber 48, a crystalline nitrogen-containing metal film
(a film composedof crystalline 8 —Ta and crystalline TaN, in mixture) and an
amorphous metalnitride film (a Ta,N film) are deposited on the semiconductor
substrate by the method having been explainedin the first and second examples,

wherein RE poweris instantaneously switched. In this example, a gas pressure
is kept at 10 Pa, a substrate temperature 1s kept at 200 degrees centigrade, a N,
gas ratio is kept at 2%, and RFpoweris switched from 2 kW to 8 iW. Asa 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 4 107‘ Pa by meansof a dry pump anda turbo pump. Since the

28
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semiconductor substrate is transferred in vacuum, the crystalline nitrogen-
containing: metal film in the diffusion-barrier film is kept clean at a surface |
thereof. A copper film is deposited on the crystalline nitrogen-containing metal
film by chemical vapor deposition (CVD) such that the recess and hole is filled .
with copper, as follows.

The semiconductor substrate is kept at about 170 to about 200 degrees

centigrade. A source including Cu (hfac) tmvs (trimethylvinylsilyl

hexafluoroacetylacetonate copper(I) ) as ‘a main constituentis introduced into a

carburetor at 1to 2 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 chamber49 is kept at about 1 kPa.

The gas introducedinto the chamber 49 makes chemical:reaction on the
semiconductor substrate, and is turned into copper, and then, deposited: on the

semiconductor substrate. Herein, copperis deposited by such a thickness that a.
recess and/orhole is sufficiently filled with copper, for instance, a thickness1in the .
range of about 8000 angstroms to about 15000 angstroms.

. In particular, when a copper film is formed by CVD,. segregation of

fluorine at a surface of the diffusion-barrier film, diffusion of fluorine into the ;
diffusion-barrier film, and diffusion of copper into the diffusion-barrier film exert
a great influence on the adhesion; which fluorine is contained iin Cu (hfac) tmvs’
whichis 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 massspectroscopy).

| 7 In a $8 —Ta film obtained by sputtering carried out in argon
atmosphere, since fluorine segregates at an interface between copper and

tantalum, the 8 —Ta film would have poor adhesion. With respect to a Ta,N
film, though fluorine is diffused into the Ta,N film, copper is scarcely diffusediin
the Ta,N film. Asaresult, atomics are coupled with each other with a poor force,

29
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and hence, the Ta,N film would have poor adhesion. In contrast, with respect to
a TaN,; film, since copper and fluorine are allowed to be diffused into the TaNo, .
film, atomics are coupled with each other with a strong force, and as a result, the
TaN,, film would high adhesion.

Thus, it is understood thatifcopper is deposited by CVD, the diffusion-
barrierfilm having a multi-layered structure comprised of a crystalline TaNo, film
and an amorphous Ta,N film would have enhanced adhesion and barrier

characteristic of preventing copper diffusion.

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

formed on a semiconductor substrate without the semiconductor substrate being

_ exposed to atmosphere. Accordingly, the diffusion-barrier film-is kept clean at a
surface,and hence, film quality of a copper film formed ‘by CVD is likely to be.
reflected to a crystalline structure of a tantalumfilm of the diffusion-barrier film.
Thus,it is possible to enhance crystal orientation of copper and adhesion between
copper and a diffusion-barrierfilm.

{Seventh Example]

The seventh example relates to the cluster chamber 50 illustrated in

Fig. 27. In the seventh example, the sputterchamber48is positioned in a region
where a copper wiring layer is to be formed, which region corresponds to the
chamber49 in which a copper wiring layeris formed. Since the diffusion-barrier

film includes a TaN,, film containing crystalline 6 —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
_ copperfilm formed by CVD.

[Eighth Example]

In the eighth example, the semiconductor substrate is taken out of the
cluster chamber 50 illustrated in Fig. 27. The semiconductor substrate has such
"a copper wiring structure as illustrated in Fig. 30. Specifically, recesses and

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

380aN
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barrier film 17, and a copperfilm 53 is formed covering the diffusion-barrier film

17 therewith: .

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

such that the recesses and holes are filled with the second copper film 54. Asa -

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 copperfilm 53
and the diffusion-barrier film 17 are removed by CMP. Thus, there is obtained a
copper wiring structure. | 7 |

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

preferred embodiments, the present invention provides the following advantages.
The first advantageis that it is possible to have a diffusion-barrierfilm

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 tosuccessively 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 powerwith a volumeratio of a nitrogen gas to

a process gas introducedinto a chamber, being kept constant. Inaccordance with
this method, an upper metalfilm in the diffusion-barrier film inevitably contains

nitrogen therein.

The third advantageis that a copper film can be formed with a surface

31

 

Page 84 of 333



             

           

     

         

            

              

            

          

         

         

           

      

Page 85 of 333

aeclomm nane

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 ina
copper wiring layer can be enhanced. |

While. the present invention has been described in connection with
5 certain preferred embodiments, it is to be understood that the subject matter

| encompassed by way of the present inventionis 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. | |

10.—C; The entire disclosure of Japanese Patent Application No. 11-214110

filed on June 24, 1999 including specification, claims, drawings and summaryis

incorporated herein by referencein its entirety. 

32.
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WHATIS CLAIMED IS:

ni 1. A barrier film preventing diff ion of copper from a copper wiring layer
formed on a semiconductor substrafe, comprising a multi-layered structureoffirst

5 and secondfilms,

said first film being composed of crystalline metal containing nitrogen 
therein, |

said second film being composed of amorphous metalnitride,
said barrger film being constituted of common metal atomic species.

10

2. The iof film as set forth in claim 1, wherein saidfirst film is formed on

said second fi

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

15 thicknessin the range of 80 angstroms to 150 angstroms both inclusive.

3
~. The barrier film as set forth in claim 1, wherein said first film has a

 
thickness in the range of 60 angstromsto 300 angstromsboth inclusive.

 
 
 

 
 

 

5. A multi-layered wiring structure cpmprising a barrierfilm which prevents |

diffusion of copper from a copper yiring layer formed on a semiconductor

substrate,

said barrier film having.a yhulti-layered structure of first and second films,
said first film being Smposed of crystalline metal containing nitrogen

25 ‘therein, |

said secondfilm Weing composed of amorphous metalnitride,
said barrier fj being constituted of common metal atomic species.

6. The multi-layered wink ‘ucture as set forth in claim 5, wherein said
33
vey

 

Page 86 of 333



        

           

              

 

           

              

 

            

            

     

            

        

           

  

        

            

         

             

            

             

 

             

           

Page 87 of 333

10

15 
20

25

first film is nlln said second film.
7
4The 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.

-& 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. -

& The multi-layered wiring structure as set forth in claim 5, wherein said

barrier film covers a recess and a hole formed throughout an insulating film

formed on an underlying wiring layer. |

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

comprising a copperfilm formedon saidfirst film.

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

 
 

 
 

  

the stepsof:

(a) preparing gas containing nitrogen therein; and

(b) varying only power of an electri¢é power source for generating plasma to

thereby successively form a diffu ion-barrier film having a multi-layered |
structure of first and second x, said first film being composed of crystalline

metal containing nitrogen t} cid second film being composed of amorphous
metal nitride, said barrierfilm being constituted ‘of metal atomic species of .
sputter target. |

12. The method as set forth in claim 11, wherein said gas containing nitrogen

therein has a ppéssure equalto orgreater than 5 Pa.

34
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13. The methodasset forth in claim 11, whereinsaid gas éntains nitrogen
at 10 volume % or smaller.

14. The method asset forth in claim 11, wherein said metal atomic species of
sputter target is one of tantalum, tungsten, titanium, /fm olybdenum 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/angstromsboth inclusive. .

\ |

 
- makinguseof rotational magnetic field and RF power, comprising the stepsof:

(a) preparing gas containjng nitrogen therein; and

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

film having a multi-layeréd structure of first and second films, said first film
S

being composedofcrystalline metal containing nitrogen therein, said: second film

being composed of amorphous metalnitride, said barrier film being constituted of

metal atomic species bf sputter target.

i

18. The metHodasset forth in claim 17, wherein said gas containing nitrogen
therein has a p fessure equal to or greater than 5 Pa.

19. Thé method as set forth in claim 17, wherein said gas,contains nitrogen

at 10 volume % or smaller.
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20. The methodasset forth in claim 17, wherein said metal atomic species of

sputter target is one of tantalum, tungsten, titanium, molybdenum and niobium ;
alone or in combination.

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

thickness in the range of 80 angstroms to150 angstroms both inclusive. i:

22. The niethod as set forth in claim 17/ wherein éaid first film has a

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

10

 
_ 23. A method of forming a diffusion-b arrier film by RF magnetron sputtering,-

comprising the steps of: :

(a) setting an electric power yce for generation plasma to generate power
having a first value, to thereh first film, with a concentration of nitrogen in

15

20

 
amorphous metal. ni ide, and said second film is composed of crystalline metal oe
containing nitrogen/ therein.

25. The méthodas set forth in claim 23, wherein said plasma gas contains ©
25 nitrogen gas at a pressure equal to or greater than 5 Pa.

26. The method asset forth in claim 23, wherein said plasma gas contains
nitrogery gas at 10 volume % or smaller.
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27. The method as set forth in claim 23, wherein metal adomic species of
sputter target is one of tantalum, tungsten, titanium, molybdenum and niobium

alone or in combination.

 

 

 
 

 

 

 
 
 

 
 

 

28. The method as set forth in claim 23, wh¢rein said first film has a
thickness in the range of 80 angstromsto 150 angstyomsbothinclusive.

29. The method as set forth in claim 23/ wherein said second film has a
thickness in the range of 60 angstromsto 300/angstromsbothinclusive.

30. A method of forming a copper wiring film, comprising the steps of:
(a) radiating plasma of argon containing hydrogen therein, to a recessor hole

formed at an insulating film form 4 a semiconductor substrate;
(b) forming a diffusion-Yarrier/film to cover said recess or hole therewith

without exposing to atmogphere, said diffusion-barrier film having a. multi-
layered structure of first ‘and sécond films, said first film being composed of

crystalline metal containingwif ogen therein, said second film being composed of
amorphous metalnitride; and

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

31. The method as 4et forth in claim 30, wherein said diffusion-barrierfilm is

formed by sputtering. |

32. The method asset forth in claim 30, wherein said copper film is formed in
vacuum.

33. The yaethod as setforth in claim 32, wherein said copper film is formed

by thermalg 1emical vapor deposition in which thermal] dismutation in a complex
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of organic metalis utilized.

   
 

 
 
 

34. The method as set forth in clairn 32, wherein said copperfilm is formed

bysputtering in which copper target is used.

35. The method as set f fim 30, wherein. said first film has a

thickness in the range of 60 aygstrefns to 300 angstromsboth inclusive.

36. The method és set forth in claim 30, wherein said second film has a
thickness in the rarige of 80 angstroms to 150 angstromsboth inclusive.

 

38

Page 91 of 333



    

           

            

             

           

           

           

          

         

 

Page 92 of 333

ABSTRACT OF THE DISCLOSURE oo sa ate

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

copper wiring layer formed on a semiconductor substrate. Thebarrier film has a
5 multi-layered structure of first and second films wherein thefirst film is composed -

of crystalline metal containing nitrogen therein, and the secondfilm is composed -
of amorphous metal nitride. The barrier film is constituted of.common metal

atomic’species. The barrier filmprevents copper diffusion from a copper wiring

layer into a semiconductor device, and has sufficient adhesion characteristic to
10 both a copper film and aninterlayerinsulating film.
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“240. .

EER Aart 
Express Mail LabelNo. Bo — ~ Paget of |

, Docket. No.. ©
[oN

‘Declarationand Power of Attorney For Patent Application_
_ English Language Declaration

As abelow named irinventor, | hereby declare that:
My residence,. post office address and citizenship are as5 étated belowrnext to my name,
I believe | am the otiginal, first and sole inventor(if only one nameis listed below) or an original,
first andjoint inventor(if plural namesarelisted below)of the. subject matter which is claimed and for
which a patentiis. sought on the. invention entitled

MULTI-LAYERED WIRING LAYER AND. METHOD OF FABRICATING THE SAME

‘the specification of which—

| (check one)

_ &@ is attachedhereto. | ae
2. wasfiled on - oe oe __ as United States Application No. or PCT International :

Application Number * ee —
and was amendedon oo.

- (i applicable).
| hereby statethat | have: reviewed and understand.the.contents ofthe above ldenttod specification, :

- including the claims, as amended by any amendment referred to above.
d acknowledge the duty to disclose to the UnitedStates Patent and Trademark Office all information’.
known to me: to be material to:patentability as defined in Title 37, Code of Federal Regulations,
Section. 1.56.

| hereby «claim_ foreign priority benefits: under Title 35, United States Code, Section 119(a)-(a)) or
* Section 365(b) of any foreign application(s) for patent or inventor's certificate, or Section 365(a) of
‘any PCTInternational application which designatedat least one countryother thanthe United States,

_ listed belowand havealso identified below, by checking the box, any foreign application for patent.or
-friventor's certificate or PCTInternational application having a filing date before that of the application

_ on whichpriority is claimed. ,

Prior Foreign Application(s): - oe - Priority Not Claimed “

112214110, apa | - 24/6/1999
(Number) a (Country) Sc (Day/Month/YearFiled)

" (Number) a ©. (Country) a _*. .(Day/Month/Year Filed)

(Number) (County) - (Day/Month/Year Filed)
    

Form PTQ-SB-01 (3-95) (Modified) _ PORREVO2 ’ Patent and Trademark Office-U.s, DEPARTMENT OF COMMERCE :
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Mo- ZItI o-

BBE A224.  
Page 2 of

| hereby claim the benefit under 35 U.S.C. Section “119(@) ‘of any United States provisional
application(s) listed below:

(Application Serial No’)

(Application Serial No:)

(Application SerialNo)

(Filing Date)

" (Filing Date)

ingDate)
I, hereby claim the benef under 35 U.. s. C. Section. 120 of any United States spplication(s), or-
Section 365(c) of any PCT. International application designating the United States,listed below and, |
insofar. as the subject:matterof eachof the claims of this application is not disclosedin the prior . °
United States or PCT international application in the manner provided bythe first.paragraph of 35
U.S.C. Section 1 12, | acknowledge theduty to disclose to the United States Patent and Trademark -
Office all information known to ‘me to be material to patentability as defined in Title 37, C.F. Ri,

Section 1.56which becameavailable between the filingdate of the. prior application and the national
or PCT International fling date. of this application: ..

(Filing Date) o  tatus)(Application Serial No.)
: - (patented, pending, abandoned)

(Filing Datey (Status)(Application Serial No.)
ae (patented, pending, abandoned)

(Application SerialNo.)ss FlingDatey) =~ (Status) .
ee er Oo , _ (patented, pending, abandoned).

| hereby declare ‘that ‘all statements. madeherein of my own’ ‘knowledgeare true and. that all
i statements made’on Information andbelief are believed to betrue; and further thatthese statements

‘Form PTO-SB-01 (6-95)(Modified)

were made with the knowledge that willful false statements and the like so made:are punishable.by-..
fineor imprisonment, ot both, under Section 1 001 of Title 18 of the United States Code and that such ©
willful false statements mayy Jeopardize the validity of the application orrany patent issued thereon. 
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(E- ZViO
RET A224  

Page3of ©

- POWER OF ATTORNEY: AS..a ‘named inventor,| héreby appoint the following attorney(s) and/or
agent(s) to prosecute this.application andtransact all business in the Patent and Trademark Office
connected therewith.. (list name. and registration number) , -
StephenD. Murphy, Reg. No.: 22,002 PaulJ.Esatto, Reg. No.: 30,749

William C. Roch, Reg..No.24,972-7 - — “MarkJ.Cohen, Reg.No.: 32,211
‘Franks. DiGiglio, Reg.No.: 31,346 - ve “DonaldT,Black,Rep No.: ‘27,999

Paul-J.Esatto, Jr.
Scully, Scott,Murphy & Presser

_ 400 GardenCityPlaza

, _ Garden ‘City, New York11530 —

Send Correspondenceto:

Direct Telephone.Callsto: ‘(name and telephone number)
PaulJ. Esatto, Jr. (516) 742-4343

Full name of sole or first Inventor-
/ MASAYOSHT TAGAMT

‘Sole orfirst inventor's signature
Fealdence :

Citizenship.

Post Office Address : i -
_c/o. NEC Corporation, 7-1, Shiba 5-chome

; Full name of second inventor, if any —
: YOSHTHIRO HAYASHI

Second inventor's signature
Raakiencs

tokyo, Japan.
Citizenship

"Post Gflce Address ee oO —_c/o NEC corporation, 7-1, - Shiba 5-chome, Minato-ku, Tokyo, J.

 
"Form PTO-SB-01 (6-86) (Modifled) re a ~ "Patent andTrademark Office-U.S. DEPARTMENT OF COMMERCE
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Application Assignment Record

Accordingto the application transmittal letter, an assignment recording ownership wasfiled

with this application; however, a copy ofthis record wasnot locatedin 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 fromarelated application case (if applicable).

Please note that additional charges will apply for this service.

This pageis not part of the official USPTO record. It has been determined that content identified
on this document is missing from the originalfile history record.
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fdbte

‘ PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE & = |

Applicant: | Masayoshi Tagami, et al. . ‘Examiner: UnassigieySee
3a

Serial No. Unassigned — Art Unit: Unassigned=~
—_— a =e

Filed: Herewith Docket : 13715 2 =:

For: MULTI-LAYERED WIRING LAYER Dated: June 19, 2000 -
AND METHOD OF FABRICATING THE SAME .

Assistant Commissioner for Patents

Washington, D.C. 20231

INFORMATION DISCLOSURE STATEMENT

Sir:

In accordance with 37 C.F.R. §§ 1.97 and 1.98, it is
requested that the following references, which are alsolisted on
the attached FormPTO-1449, be made of record in the above-

identified case.

1. Semiconductor World, Nobuyoshi Awaya, February1998,
pp. 91-96;

2. Kee-Won Kwon et al., "Characteristics of Ta As An
Underlayer for Cu Interconnects", Advanced
Metallizationand Interconnect Systems for ULSI
Applications in 1997, 1998, pp.711-716;

3. M.T. Wang, et al., "Barrier Properties of Very Thin Ta
and TaN Layers Against Copper Diffusion", Journal
Electrochemical Society, July 1998, pp.2538-2545;

CERTIFICATE OF MAILING BY "EXPRESS MAIL"

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

I hereby certify that this correspondence is being deposited
with the United States Postal Seryice "Express Mail Post Office
to Addressee" service under 37 C. .| §1.10 on the date.indicated.
above and is addressed to the Assistant Commissiomér,‘of Patents 
 

 

a

Dated: June 19, 2000
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4

4, D. Denning, et al., "An Inlaia CVD Cu Based Integration
for Sub 0.25pm Technology, 1998 Symposium on VLSI
Technology Digest of Technical Papers, 1998, pp. 22-23;

5. Japanese Unexamined Patent Publication No. —8-139092,
' | dated May 31, 1996;

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

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

8. Japanese Unexamined Patent Publication No. 10-256256,
dated September 25, 1998.

Applicants are submitting. copies of the above-cited
references. The relevance of the references has beendescribed
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. § 1.97(b), no petition, certification or fee is required.

Respectfully submitted,

oe WI —
Paul’ J. Esatto, aeRegistration No. "3, 749

Scully, Scott, Murphy & Presser
400 Garden: city Plaza.
Garden City, New York 11530:

(516) 742-4343
PJE/am

-2- G: \NEC\1210\13715 \amend\13715.. 141
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EE ~~ PATTY DOCKETNO. SERIALNO. 0G[<ge; ‘ . 13715. . : p-he-asfrened

INFORMATION DISCLOSURECITATION APPLICANT(S) ° A
(Use several sheets ifnecessary) Masayoshi Tagami,etal.

[FLING DATE 06/14/00 GROUP ea
H 4h .

U.S. PATENT DOCUMENTS |

INITIAL IF APPROPRIATE
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==

Kee-Won Kwon et al‘! ny Ta As An Under!

f Interconnect Systems ‘forrULSApplicationsin 1997, 1998,Ston6
DATECONSIDERED

oa ln [x

“EXAMINER: Initial if reference considered, whetheror ngcitation is in conformance with MPEP 609, Drawline throughcitation if not in conformance and nat °
considered. Include copyof this form with next compcation to applicant.

 
Form PTO-A820 . POSC/REVO3 Patent and Trademark Office * U.S. DEPARTMENT OF COMMERCE

. (also form PTO-1449) . PAGE 1 OF2
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- ~ _ — ATTY DOCKETNO. SERIALNO.” 0, SaE-AIC . 13718
INFORMATION DISCLOSURE CITATION ’ TAPPLICANT(S)

(Use several sheets ifnecessary) Masayoshi Tagami,et al. a
. FILING DATE 06)\4/60|GROUP 2414

U.S. PATENT DOCUMENTS

 
S|

a
pf pr
reeeeeeeeeee
potPe
eeeeeeeeeeeee

pee|
et|

FOREIGN PATENT DOCUMENTS.

| DOCUMENT NUMBER DATE "COUNTRY CLASS SUBCLASS TRANSLATION
} <a

TMT. Wang,et al., "Barrier Properties of very Thin Ta and TaN Layers Against Copper Diffusion", JournalElectrochemical Society, July 1998, pp.2538-2545 ‘

D. Bs + AD Inlaid VD Cu Based In for b 0.35 = 1 “TEOO :
Technology Digest of Technical Papers, 1998, pp

EXAMINER , DATE CONSIDERED. ne |
HONE KL vU- | aafuloy fo |

*EXAMINER: Initialif reference considered, whether orNotcitation is in conformance with MPEP 609; Drawline through citationif not in conformance and not
considered. Include copyofthis form with next communication to applicant.

 

    
Form PTO-A820 , : POSC/REVO3 . Patent and Trademark Office * U.S. DEPARTMENT OF COMMERCE
(also form PTO-1449) , PAGE 2 OF 2
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ATTY DOCKET NO.  
J. 13715 ._

INFORMATION DISCLOSURE CITATION APPLICANT(S)
. (Use several sheets ifnecessary) Masayoshi Tagami,etal.

FILINGDATE 06/14/00 GROUP esi
H a :

U.S$, PATENT DOCUMENTS

on K a As An Underlayer for Cu etallization andInterconnect Sie‘for ULSIApplicationsiin 1997, 1998,‘DP. 711-716 :

 
EXAMINER xk WU ~|DATE CONSIDEREDHone oa In [eH
*EXAMINER: Initialif reference considered, whetherornotcitation is in conformance with MPEP 609; Draw line through citation if not in conformance and not considered. Include copyofthis form with next communication to applicant.

Form PTO-A820 POSC/REVO3 Patent and TrademarkOffice * U.S. DEPARTMENT OF COMMERCE
(also form PTO-1449) PAGE 1 OF 2
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=~ ATTY DOCKET NO. ‘iJ ~~ SERIALNO. 00/546, 47
. 13715. - -Fe-be-assigned

INFORMATION DISCLOSURE CITATION , APPLICANT(S)
(Useseveral sheets ifnecessary) Masayoshi Tagami,et al.

‘ FILING DATE 064/00 GROUP 2X1

U.S. PATENT DOCUMENTS

INITIAL IF APPROPRIATE

ie
\

ACCENT
| cove ere |ome ow ass SUBCLASS eaveateNili

M.T. Wang,et al., "Barrier Properties ofiatElectrochemical Society, July 1998, pp.2538

Xx

DATE CONSIDERED

EXAMINER:Initial if reference considered, whetheror notcitation is in conformance with MPEP 608; Drawline through citation if not in conformance and not
considered. Include copyof this form with next communication to applicant.

 
Form PTO-A820 , POSC/REVO3 Patent and Trademark.Office * U.S. DEPARTMENT OF COMMERCE
(also form PTO-1449) : PAGE 2. OF 2.
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j
by . 7 : ; ,

CERTIFICATE OF MAILINGbr“EXPRESS MAIL"Gt CFR 1.10) Docket No.
Applicant(s): _ Masayoshi Tagami, et al. , 13715 -

- Serial No. Filing Date Examiner . . Group Art Unit
To be assigned Herewith Unassigned Unassigned

Invention: MULTI-LAYERED WIRING LAYER ANDMETHODOF FABRICATING THE SAME

| hereby certify that thisNewPatentAppli (dentify type ofcorrespondence)
is being deposited withthe United States Postal Service "Express Mail Post Office to Addressee" service under °

1, 37 CFR 1.10 in an envelope addressed to: The Assistant Commissioner for Patents, Washington, D.C. 20231

June 19, 2000
(Date) IL

TSabireaf‘Person Mailing Corrdsy
EE692181515US

_ ("Express Mail" Mailing Label Number) 
Note: Each paper must haveits own certificate of mailing. 

Copyright 1995 Legalsoft POSA/REVO2
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CERTIFICATE OF MAILINGBY “EXPRESS MAIL" (37 CFR 1.10)
Applicant(s): Masayoshi Tagami,et al.  

SerialNo. FilingDate Examiner GroupArt Unit
_ Tobe assigned — .  Herewith Unassigned Unassignedoe oO.

“Invention: MULTILLAYERED WIRING LAYER AND METHOD OFFABRICATING THESAME
}

| hereby-certify that this nt Application
(densify type ofcorrespondence)

is being deposited with the United States Postal Service “Express Mail Post Office to Addressee” service under
37 CFR 1.10 in an envelope addressed to: The Assistant Commissioner for Patents, Washington, D.C.5, 20231

June 19, 2000
(Date)

Mishelle Sping

EE692181515US

_ ("Express Mail" Mailing Label Number)

 

Note: Each paper must have its own certificate of mailing. 
Copyright 1995 Legaisoft oo : . ce _ POBAIREVO2
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R10kia]ore
IN THE UNITED STATES PATENT. AND TRADEMARK OFFICE 

Applicant: Masayoshi Tagami, et al. pocket : 13715
Serial No.: To be assigned. a Dated: June 19, 2000
Filed: Herewith:

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

| \ oo 3s
Assistant Commissioner for. Patents . on
Washington, DC 20231 _

CLAIM OF PRIORITY

Sir: . .
Applicants in the above- identified application hereby

claim the right of priorityin connection with Title 35 U.S. Ce.
§ 119 and in support thereof, herewith submit. a certified | copyof
Japanese’ Patent Application 11- 214110 filed on June 24,.1999.

hf submitted,Paulbuf,Esatto, Jr.
Registration No. 30,749

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

PJE/am

CERTIFICATE OF MAILING BY "EXPRESS MATL"

"Express Mail" MailingLabel Number:. BE692181515US
Date of Deposit: June 19, 2000 my vO -
I hereby certify that this

deposited with the United States Post
- Office to Addressee" service

, indicated above and is addréssed to the lAs

Patents” and ‘Trademarks, Washington,

sorrespondence|is being 
 
 

 Dated: June 19, 2000

  
G:\NEC\1210\13715\mise\13715.claim *
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| PATENT OFFICE | oe
_ JAPANESE GOVERNMENT |

HEARNME HCSHSFEOERCHEARS1
SHALL M-—TCHSZLIELRMTS.

kThis is to certify that the annexed is a true ‘copy of the following application as filed
th this Office.

: 19994 6A24H
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(BOA) SRRMOMOLOMHt
(SHRRORE)

(1) -PRKIEALLICHENSORIELDS2
BUTRKB.
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G11—-214110

Fie a

 TabRLe) Sosy FRC RSHROMERBT.
ARENBAER. TIRVERERLS CHONT -OBEBILER. 2

RyKRTyKORBMPERDLTSAMOBRAH SeBBLIHD
SeSEIEMLE DS Te BUTAHEORESY 7BLEMIE&=LeRRL
FSARBNY PROMWEAR. |(SRA 1 0). | BARREER FN —EeMNORETyE KOSI
y BRICK SHB) 7OBERHTH2T.

BREANAEA. HR ENDRBCS RB. ANKyRA-By Loam
APART LS SEAMORRLAGLIEDSeBEEBE ID D2 BBL

EREOULBIS) 7ULEEMISS = LEAR F SHRBOSY 7ROBE
BR. |

(HR1] WRMRAATAORINES PaeThSS & eae
FHMIVid 1 OKMRORBONY 7ROMER.

(HRM 12) HRBRERTAOBATARIEDN1 0GNECRS =!eo
RGM LSSHRMVE 1 1 OMNY—-HCRMOMBNY 7OBE.
(aR. 3) MEANYRy hORBMFMR HY AD, BUT

RFY FRY EVTFY, HATHSWELNSORAWCHSZ LER
LFSMRH 9 HE 1 2 OFFAICMROMBINY 7OWE. .

| (ape4) REVIR ADD ANY BARES7BLOM
 BRCHOT : Oe

SS ATHANOBREEEAR LRMBT. FIOKTREG
HEE—DOIN—ICBELL, —OMERTSAL
MOMSNECRETSATBAREEEOM EU BAB

WHIOMONDIBGE L. BEE-ORLKBLOMERISSEE,
RHA LEGAL TSHB)7OSLER. |

(aR 5) HEB—-OMIERAOSABKRCH), WEBOOM
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| TROMETE. |
2 Hat 2000-300834€
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UNITED STATES-OEPARTMENT OF COMMERCE. -
United States Patent and Trademark Office

Address: COMMISSIONER OF PATENTSAND TRADEMARKS UfWashington, D.C. 20231 Oo

” APPLICATION NO. FILING DATE: ° . FIRST NAMED INVENTOR ATTORNEY DOCKET NO.

09/596.415 éesi97o0  TAGAMI | ho 2715 ne

 
13715

‘ . . : ' . wht

MMZ1/0605
FALL J ESATTO IR Li ‘

SULLY SOQOTT MURFHY & PRESSER ‘| antunit|PAPERNUMBER|
10 GARTEN ITTY. . PLAZA

 

 
BARDEN CITY NY 21830 oO 7 Ze1

; DATE MAILED: :
, ne / OSA

Please find below and/or attached an Office communication concerningthis application or
_ proceeding.

Commissionerof Patents and Trademarks

PTO-90C (Rev.11/00) 1- File Copy - -
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Application No. ~ Applicant(s)

 09/596,415 TAGAMI ETAL.

Examiner , Art Unit |

| Hung K. Vu , 2811
-- The MAILING DATEof this communication appears on the cover sheetwith the3 correspondance address --

’|Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLYIS SET TO EXPIRE 7 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.
- Extensionsof time may be available uriderthe provisions of 37 CFR 1.136 (a). In no avent, however, may a reply betimely filed

after SIX (6) MONTHSfrom the mailing date of this communication.
If the period for reply specified aboveis less than thirty (30) days, a reply within the statutory minimum ofthirty (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) MONTHSfrom 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).

- Anyreply received by the Office later than three monthsafter the mailing date of this communication, evenif timelyfiled, may reduce any |earned patent term adjustment. See 37 CFR 1.704(b). :

Office Action Summary

Status

4X Responsive to communication(s) filed on 19 June 2000 .
2a)_This action is FINAL. 2b)] This action is non-final.
30) Sincethis application is in condition for allowance except for formal matters, prosecution as to the meritsiss .

: closed in accordancewith the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4). Claim(s) 1-36 is/are pending inthe application,
 

4a) Of the aboveclaim(s) is/are withdrawn from consideration.

5) Claim(s) _____ is/are allowed.
6)L] Claim(s) _____ is/are rejected.

NO Claimis) is/are objected to.
 

8)X] Claims 7-36 are subjectto restriction and/or election requirement.

Application Papers

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

10)C] The drawing(s)filed on "_ is/are objected to by the Examiner. ;
11)] The proposed drawing correction filed on

12)C] Theoath or declarationis objected to by the Examiner.-

 

is: a approved pO alsapproved.
 

 
Priority under35 U.S.C. § 119

13)C] Acknowledgmentis madeof a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
aLIAl bf Some* of. Noneof:

1.1) Certified copies of the priority documents have been received.
2.0.) Certified copies of the priority documents have been receivedin Application No. 

3.0] Copiesofthe certified copies of the priority documents have been receivedin this National Stage
application from the International Bureau.(PCTRule 17.2(a))..

* See the attached detailed Office action fora list of the certified copies notreceived.
14] Acknowledgementis made of a claim for domestic priority under 35 U.S.C. § 119(e).

Attachment(s) . _

15) {_] Notice of References Cited (PTO-892) : : 18) C1] interview Summary (PTO-413) Paper No (s)- .
16) Cl Notice of Draftsperson's Patent Drawing Review (PTO-948) . 19) O Notice of Informa! Patent Application (PTO-152)

17) a Information Disclosure Statement(s) () (PTO-1449) Paper No(s) . 20) EF Other:
U.S. Patent and Trademark Office. : | :
PTO-326 (Rev. 01-01) - Office Action Summary . Part of Paper No. 4 ~
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Application/Control Number: 09/596,415 . Page 2:
Art Unit: 2811 ,

DETAILED ACTION ©

Election/Restrictions

Restriction to one of the following inventionsis required under 35 U.S.C. 121:
; ,

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

758.

I. Claims 11-36, drawnto a methodof making a semiconductordevice, classified in

class 438, subclass 22+.
The inventionsare distinct, each from the other becauseof 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 claimed can be /
used to make other and materially different product or (2) that the product as claimed can be ©
made by another and materially different process (MPEP §806.05(f)). In theinstant case |
unpatentability of the GroupI inventionwould not recessarily imply unpatentability of the
GroupII invention, sincethe device of the Group I invention could be made by processes
materially different from those of the GroupII invention, for example, forming a diffusion
batrier film by CVD method or PVD method instead of sputtering method.

Because these inventionsare distinct for the reasons given above and haveacquired a
separate statusin the art as shown bytheir different classification, restriction for examination

purposesasindicated is proper. - , WO
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Application/Control Number: 09/596,415 / . a Page 3
Art Unit: 2811

Applicantiis advised that the reply to this requirement to be complete must include an
election of the invention to be examinéd even though the 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) ifone or more of the |
currently named inventors is no longer an inventor ofat least one claim remaining in the
application. Any amendmentof inventorship must be accompanied bya petitionunder37
CFR 1.48(b) and by the fee required under 37 CFR1.17). | :

Any inquity concerning this communication or earlier communications from the.
examiner should be directed to Hung K. Vu whose telephone numberis (799):308-4079. The
examiner can1 normally be reached ¢on Mon-Thurs Tr 00-5:30, Eastern Time.
. Sif attempts to reach the exantine by telephone arere unsuccessful, the examiner’s

supervisor, Tom Thomascan be reached on (703) 308-2772. The fax phone numbers for the
organization wherethis application or proceeding is assigned are (703) 308-7722 for regular

. communications and (703) 308-7722 for After Final communications
Anyiinquiry of a general nature or relating to the status of this application or proceeding

should be directed to the receptionist whose telephone numberiis(708 308-0956.

Vu

. | ‘Steven Loke
May 26, 2001 - . ” Primary Examiner
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a GEIBI
TRANSMITTALLETTER | ‘Docket No.
(General- Patent Pending) 13715

Masayoshi Tagami, et al.

  

  
 
 

 
 
  ‘Group Art Unit —

2811

Examiner

Hung K. Vu

Serial No.

. 09/596,415

Filing Date

June 19, 2000  

".. Title: MULTI-LAYERED WIRING LAYER AND METHODOF FABRICATING THE SAME

TO THE ASSISTANT COMMISSIONER FOR PATENTS:

Transmitted herewith is:

RESPONSE TO REQUIREMENT FOR RESTRICTION

in the above identified application.

No additional fee is required.
A checkin the amount of is attached.

The Assistant Commissioneris hereby authorized to charge and credit Deposit 1Account No. 19-1013SSMP .
as described below. A duplicate copy of this sheetis ericlosed. ,

UC) ‘Charge the amount of
& Credit any overpayment.

&] Charge any additional fee required.

Dated: July 5, 2001
Signature

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

400 Garden City Plaza | certify that this document and fee is being deposit d: : ited on.
Garden City, New York 11530 TI5/01 with the U.S. Postal Service as first
(516) 742-4343 , class mail under 37 C.F.R. 1.8 and is addressed to the

Assistant Commissioner for Patents, Washington, D.C.

Signature ofFPerson|Mailing Correspondence
Janet Grossman

Typed or Printed Name ofPerson Mailing Correspondence

 

 
"Copyright 1995 Legalsoft . PIGA/REVO1
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" TRANSMITTAL LETTER.
(General- Patent Pending)—

Serial No. Filing Date» Examiner GroupArt Unit

09/596,415 June 19, 2000 Hung K. Vu 2811

\Title: MULTI-LAYERED WIRING LAYER AND METHOD OF FABRICATING THE SAME —

TO THE ASSISTANT COMMISSIONER FOR PATENTS:

Transmitted herewith is:

_ RESPONSE TO REQUIREMENT FOR RESTRICTION

in the above identified application.
No additional fee is required.

() Acheckin the amountof ' is attached. ‘ .

&). The Assistant Commissioneris hereby authorizedto charge and credit Deposit Account No. 19-1013SSMP
as described below. A duplicate copyof this sheet is enclosed.

Chargethe amountof .

Credit any overpayment.

Charge any additional fee required. 
AISOse
“>G3wet

Dated: July 5, 2001 
Signature

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

400 GardenCity Plaza - | certify that thi or ;
GardenCity, New York 11530 . / 4 certify that this document and fee isbeing deposited: on: ; Loa 7/5/01 with the U.S. Postal Serviceasfirst

616) 742-4343 ro class mail under’ 37 C.F.R. 1.8 and is addressed to the. Assistant Commissioner for Patents, Washington, D.C.

(\ “Signature ofPerson Mailing Correspondence
Janet Grossman ;

Typed or PrintedName ofPerson Mailing Correspondence

 
Copyright 1995 Legalsoft P4 BAREVO1
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PATENT

sanHEIN THE UNITED STATES PATENT AND TRADEMARK OFFICE_ “i¢elalp
: Applicants: Masayoshi. Tagami,et al. Examiner: Hung K. Vu SO

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

 
 

"Filed: June 19, 2000 Docket: 13715

‘For: MULTI-LAYERED WIRING LAYER_Dated: July 5, 2001
. AND METHODOF FABRICATING THE SAME

Assistant Commissioner for Patents
Washington, DC 20231

RESPONSE To REQUIREMENT FOR RESTRICTION
Sir:

Pursuant to the Restriction Requirement imposed in the Official Action dated June5,

2001, Applicant provisionally elects the claims of Group I, 1.¢., Claims 1-10 for continued Oe
prosecution herein.

Claims1:36 are present in the above-captioned application and have begn subjected to |
{

Oo

restriction under 35 U.S.C. §121. Specifically, the Official Action aversthat the folldying-investions
are present in the claims: | = us

=~ Se I
. Co

L ; So

CERTIFICATE OF MAILING UNDER37 CER: 1.8(a ~
I herebycertify that this correspondenceisbeing deposited with the United States

_ Postal Service as first class mail in an envelopeaddressed to: Assistant Commissioner for Patents,
Washington, DC 20231 on July 5, 2001.

Dated: July 5, 2001 aAooutHroaoman .ae ; -Jahet Grossman’

G:ANEC\1210\13715\amend\13715.am1-
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Group I, Claims 1-10 drawn to a semiconductor device, classified in class 257,
subclass 758, and |

. GroupII, Claims 1 1-36, drawn to a method ofmaking a semiconductor device,
- classified in class 438, subclass 22+. |

‘It is the Exaniiner’s position that the inventionslisted as GroupsI andII are distinct
. fromeach other. | | | |

In response to the Examiner's requirement for restriction, Applicant provisionally ~
elects to prosecute the subject matter of GroupI, Claims 1-10. However, Applicant Teserves the right
under 35 U.S.C. § 121 to file one or moré'divisional applications directed to the non-elected claims in

_ this application. |

In view of the foregoing, an examination on the merits of the elected claims,at an
early date, is earnestly solicited. a | |

| Respectfully submitted,

-. ' Paul J./Esatto, Jr.
Registration No. 30,749 —

. SCULLY, SCOTT, MURPHY & PRESSER —

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

. PJE:ae

GANEC\1210\13715\amend\13715.aml
-2- oo
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et OF Cy, : : - oe KE
: %. ; ..2 WW %|- UNITED STATES ZPARTMENT OFCOMMERCE

‘ = | Patent and Trademark Office =i “
| eo Address: COMMISSIONER OF PATENTS AND TRADEMARKS'Tares O 7Washington, D.C. 20231 .

    _ APPLICATION NO. —|FILING DATE / FIRST NAMED INVENTOR -
ah oo Lite £ yas ULE Trai  

ATTORNEY, DOCKET NO.
Nin

5 EXAMINER ods: web 2 . .      ART UNIT . ' PAPER NUMBER :4
\‘.

ue DATE MAILED:

Pleasefind below and/or attached an Office communication concerning this application or
proceeding. , :

Commissionerof Patents and Trademarks -

PTO-90G (Rav. 2/95) 1- File Capy
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‘Application No. — Applicant(s)
09/596,415 - TAGAMI ETAL. Office Action Summary ; Examiner TartUnit

, Hung K. Vu' 2811

-- The MAILING DATEof this communication appearson the coverr sheat with the correspondence address -
Period for Reply ;

A SHORTENED STATUTORY PERIOD FOR REPLY Is SET TO EXPIRE 3 MONTH(S) FROM.
THE MAILING DATE OF THIS COMMUNICATION.
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely fifiled

after SIX (6) MONTHS from the mailing date of this communication.
+ Ifthe period-for reply specified aboveIs less thanthirty (30) days, a reply within the statutory minimum of thirty (30) dayswil! be considered timely.
- If NO period for reply is specified above, the maximum statutory period will apply and will éxpire SIX (6) MONTHSfrom the mailing date of this communication. .
- Failure to reply within the set or extendedperiod forreply will, by statute, cause the application to become ABANDONED.(35 U.S.C.§ 133). ‘
- Any reply received by the Office later than three months after the mailing date ofthis communication, evenif timely filed, may reduce any

earned patent term adjustment. See 37 CFR1.704(b). . : . ‘

 

Status i. .

nk Responsive to communication(s) filed on 09 July 2001.
2a)L_]: This action is FINAL. - 2b) This action is non-“final.

3)L] Sincethis application is in condition for allowance except for formal matters, prosecution asto the meritsis
closed in accordancewith the practice underEx parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4) Claim(s) 1-36 is/are pendingin the application.
4a) Of the above claim(s) 11-36 is/are withdrawn from consideration.
 

>) Claim(s) is/are allowed.
6)[X] Claim(s) 1-10is/are rejected.

7)CI Claim(s)___ is/are objected to.
-8)L] Claim(s) are subject to restriction and/or election requirement. ~ .

 

Application Papers

. 9)L] The specification is objected to. by the Examiner.
10)[_] The drawing(s)filed on is/are: a)oO ‘accepted orb)[_] objected to by the Examiner.

Applicant may not request that any ‘objection to the drawing(s) be held in abeyance. See 37 CFR 1.88(a).

11) The proposed drawing correctionfiled on___is: a)] approved b)L] disapproved bythe Examiner.
If approved, corrected drawings are required in reply to this Office action.

12)] The oath or declaration is objected to by the-Sxaminer.
Priority under 35 U.S.C. §§ 119 and 120 |

| 13) Acknowledgmentiis made of a claim:for foreign priority under 35 U.S.C. § 119(a)-(a)or (f).
ak All b)] Some *c)[] Noneof:
1.&] Certified copies of the priority documents have been received.

2.L] Certified copies of the priority documents have been received inApplication.No.
3.0. Copies of the certified copies of the priority documents have been receivedin this National. Stage

application from the International Bureau (PCT Rule 17.2(a)). . ;
* Seethe attached detailed Office action fora list of the certified copies notreceived.

-14)] Acknowledgmentis made of a claim for domestic priority under 35 U.S‘C. § 119(e)(to a provisional application),
a) (J The translation of the foreign language provisional application has been received.

-15)0] Acknowledgmentis made ofa claim for domestic priority under 35 U.S.C, §§. 120 and/or 121.

  
  

Attachment(s)

1) x Notice of References Cited (PTO-892) , 4 Interview Summary (PTO--413) Paper No(s). _
2) C] Notice of Draftsperson’s Patent Drawing Review(PTO-948) 5 CT. Notice of Informal Patent Application (PTO-152)
3) & Information Disclosure Statement(s) (PTO-1449) Paper No(s) 3. 6) L] Other:

U.S, Patent‘and Trademark Office 7 . ~ " sr - _ _
PTO-326 (Rev. 04-01) ; . : _ Office Action Summary ‘ Part of Paper No. 6. .
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Application/Control Number: 09/596,415 , oO : Page 2
Art Unit: 2811

DETAILED ACTION

Election/Restrictions

1. Applicant's election of Invention of Group I, Claims.1-10, in Paper No. 5 is:
acknowledged. Because applicant did not distinctly and specifically point out the supposed
errorsin the restriction requirement, theelection has been treated as an electionwithout traverse
(MPEP§ 818.03(a)). | |

Applicant's election without traverse of Invention of Group I, Claims 1-10, in Paper No. 5

_is acknowledged.

Claims 11-36 are withdrawn from further consideration pursuant to 37 CFR 1.142(b) as

being drawnto a nonelected Invention, there being no allowable generic or linking claim.

Election was made withouttraverse in Paper No.5.

Claim Rejections - 35 USC § 102

2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the

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

A person shall be entitled to a patent unless -

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

Claims 1-3, 5-7, and 10 are rejected under 35 U.S.C. 102(b) as being anticipated by
Vitkavageet al. (PN 5,858,873). -

Vitkavageet al. discloses a barrier film preventing diffusion of copper from a copper wiring
layer formed on a semiconductor substrate (2), comprising a multi-layered structureoffirst and
secondfilms,
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Application/Control Number: 09/596,415 — Page3
Art Unit: 2811 Oo

A first film (14) being composed ofcrystalline metal containing nitrogen therein,
The second film (12) being composed of amorphous nietal nitride,
Thebarrierfilm being constituted of common metal atomic species. Note Figures 1-4 of

Vitkavageet al..

, : With regard to claims 2 and 6, Vitkavageetal. discloses whereinthefirst film is formed on the _
second film.

With regardto claims 3 and7, Vitkavage et al. discloses wherein the second film has 4 thickness

in the range of 60 angstroms to 300 angstromsboth inclusive.

With regardto claim 10, Vitkavage et al. discloses a copper film (18) formed on the first film.

, ClaimRejections - 35 USC § 103

3... The following is a quotation of 35 U.S.C. 103(a) which formsthebasisforall

obviousnessrejections set forth in this Office action:

(a) A patent may not be obtained though the inventionis not identically disclosed or described as set forth in
section 102 ofthis title, if the differences between the subject.matter sought to be patented andthe priorart are
such that the subject matter as a whole:would have beenobvious, at the time the invention was madeto 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. 103(a) as being unpatentable over
" Vitkavage et al. (PN 5, 858873). - a on
With regard to claims 4 and 8, Vitkavage et al. disclosesall of the claimed limitations exceptthe
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: 09/596,415 . - — Page 4
Art Unit: 2811 .

art to form Vitkavageet al.’s first film having a thickness as claimed range because the thickness
ofthefirst film is variable of importance subj ect to routine experimentationand optimization.
Also, the thickness differences are considered obviousdesign choices and’are not patentable -

_ unless unobviousor unexpectedresults 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, 1578, 16 USPQ2d 1934, 1936 (Fed. Cir. 1990).

With regard to claim 9, Vitkavageet al. discloses wherein the barrier film covers’a recess and a

hole (10) formed throughout an insulating film (8) formed on an underlying region (4). |

Vitkavageet al. discloses the underlying regionis a diffusion region. Vitkavageet al. does not - a

disclose the underlying region isa wiring layer. However, it would have been obviousto one of -

ordinary skill in the art at the time the invention was madeto form the underlying region of.

Vitkavageet al. as the wiring layerin order to connectto otherpartsof the circuit to perform

~ additional functions.

Conclusion

4. Anyinquiry concerningthis communication or earlier communications from the
examiner should be directed to Hung K. ‘Vu whosetelephone number is (103) 308-4079. The

examiner can normally be reached on Mon-Thurs 7:00-5:30, Eastern Time.
If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Tom Thomascan bereached on (703) 308-2772. The fax phone numbersfor the
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Application/Control Number: 09/596,415 a ; a . Page 5 |
. Art Unit: 2811 | :

organizationwherethis application or proceeding is assigned are (703) 308-7722 for regular

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

Anyinquiry of a general nature orrelating to thestatusofthis application or proceeding

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

Vu - Steven Loke
Primary Examiner

September 19, 2001 | : LZ. . LA. , . . . , ter -
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Application/Control No. . sipplicant(s)/Patent Under
oe “Reexamination

: 09/596, 415. ao ‘TAGAMI ETAL.
Notice of References Cited é Art Unit

9814 Page 1 of 1

U.S. PATENT DOCUMENTS
Document Number Date

Country Gode-Number-Kind Code MM-YYYY Name Classification

|a|US-5,858,873 01-1999 VITKAVAGE ETAL. =a

Document Number Date
Country Code-Number-Kind Code MN-YYYY

  
> NON-PATENT DOCUMENTS

[+]| Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)

X

*A copy 0 this reference isis hot baing furnished with this Office action. (See MPEP§ 707,O5{a).)
Dates in MM-Y-YYY format are publication dates, Classifications may be US orforeign.
U.S. Patent and Trademark Office .

PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 6
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| AMENDMENT TRANSMITTAL LETTER¢ (LargeEntity) on) Docket No.
Applicant(s): Masayoshi Tagami, et.ae co - 13715

Serial No. Filing Date . Examiner - | Group Art Unit.
09/596,415 : ‘June 19, 2000 - ALVa oO 6 2811 A| , = 7

aise SMYLTI-LAYERED WWIRING LAYER AND METHOD OF F‘ABRICATING THE SAME
JAN 28 2002 *|

c

TO THE ASSISTANT COMMISSIONER FOR PATENTS:

Transmitted herewith is an amendmentin the above-identified application.
The fee has been calculated andis transmitted as shown below.

~ CLAIMS AS AMENDED
CLAIMS REMAINING HIGHEST # NUMBEREXTRA ADDITIONAL .

AreteAMENDMENT gePAID’ FOR —oPRESENT[TOTALCLAIMS:|CLAIMS: "$18.00| F00pareoas|e[836400 || 80.00
Multiple Dependent Claims (checkif applicable) | $0.00

TOTAL ADDITIONAL FEE FOR:THIS AMENDMENT . $0.00 |.

No additional fee is required for amendment.

Please charge Deposit Account No. a _ in the amount of
A duplicate copy of this sheet is enclosed. |
A check in the amountof . to coverthefiling fee is enclosed.

The Commissioner is hereby authorized to. charge paymentof the following fees, associatedwith this
communication or credit any overpaymentto Deposit Account No. -19-1013/SSMP _
A duplicate copy of this sheet is enclosed. , ,

QO Any additionalfiling fees required under 37 C.F.R. 1.16.
QO Any patent application processing fees under 37 CFR 1.17.

ritesongHILior Dated: December20, 2001

 
 

Bd

goo

 

Signature

“Anthony N. Fresco
‘Régistration No.: 45,784

ertify that this document and fee is being deposited

Scully, Scott, Murphy & Presser with the U.S. Postal Service as’ 400 Garden City Plaza

Garden City, New York 11530
(516)742-4343
 

MishelleMustafa

Typed or Printed Name ofPerson Mailing Correspondence.

 

 
P1ALARGE/REVOE -
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aoeBm nates

AMENDMENTTRANSMITTAL LETTER(Large Entity) Docket No.
Applicant(s): Masayoshi Tagami, et al. , , . 371s

Serial No. Filing Date Examiner ; ‘Groupsart Uni,
_091596,415 _ Sune 19, 2000 : H. Vu re site oe,

TO THE. ASSISTANT COMMISSIONER FOR PATENTS:
Transmitted herewith is an amendmentin the above-identifiedapplication.
The fee has been calculated and is transmitted as shown below.

. AFTER AMENDMENT PREV. PAID FOR CLAIMS PRESENT

[FoTacciansa[raraa||inoe> ccamns sean[soMultiple Dependent Claims (check ifa | $0.00
TOTAL ADDITIONAL FEE FOR THIS AMENDMENT [8000|

No additional fee is required for amendment.
Please charge Deposit Account No. "in the amountof
A duplicate copy of this sheetis enclosed.
A check in the amountof to coverthefiling fee is enclosed.
The Commissioneris hereby authorized to charge paymentof the following fees associated with this

communication or credit any overpayment to Deposit Account No. 19-1013/SSMP .
A duplicate copyofthis sheetis enclosed.
O Anyadditionalfiiling fees required under37 C.F.R.1.16.
) ‘Anypatentapplication processing fees under 37 CFR 1.17.

ifFosex- _ Dated: December 20, 2001
Signature

AnthonyN. Fresco
Registration No.: 45,784

‘Seuily, Scott, Murphy & Presser ertify that this document and fee is being deposited
400 Garden City Plaza
Garden City, New York 11530
(516) 742-4343
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. >\
_ JAN 2 8 2002 we . -

Sy. hs . Be , PATENTS _
€ mae’ IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

Applicants: Masayoshi Tagami,etal. ‘Examiner: =H. Vu

Serial No: 09/596,415 “Art Unit: 2811

Filed: June 19,2000 — | ‘Docket: 13715 .
1, .

For: | MULTI-LAYERED WIRING Dated:.
' LAYER AND METHODOF

FABRICATING THE SAME

' Assistant Commissionerfor Patents

United States Patent, and TrademarkOffice
- Washington, D.C.’ 20231

t

RESPONSE UNDER37 C.F.R. § 1.111 |

Sir: * . oo

In responsetothe official Office Action dated September 25, 2001, the

applicant respectfully presents thefollowing Amendment and Remarks as set forth herein a
below. | - | | | 7
IN THE CLAIMS:

. Please cancel claims 2 and 6.
wht [> L Please amendclaim 1 to read as follows:  

 
first and secondfilms,

f\

- CERTIFICATEOF MAILING UNDER BA C.F.R. §1.8(a
[hereby certify that this correspondence is being deposited with the United States

Postal Serviceas first class mail in an envelope addressed to: [Assistant Commissionerfer

Patents, Washington, D.C. 20231, on December 20, 2001.|| (\\
oo , |

i shelle Mustafa \
g\nec\1210\13715\amend\13715.am2.doc

 
 

 9
Dated: December20, 2001

ay
1."
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_,09/596,415

| saidfirst film béjng composed of crystalline metal containing nitrogentherein, 
 
 

nstifuted of common metal atomicspecies,

said first film being formie
said first film containing itrogen in a smaller content than that of said second

 

 

 
 

Please amendclaim 5 to readasfollows:

 

  

saidsecondfilm being d omposed ofamorphous metal nitride,
said barrier film being. constituted oNcommon metal atomic species, _ 

A _ Please addthe following new claims 37 and 38.

. (New) Thebarrier film asset forth in claim 1, wherein saidfirst film is

10 .

3& (New) The multi-layered wiring structure as set forth in claim 5, wherein

\(ilJ composed of 8 -Ta and TaNo,1,and said secondfilm is composed of TaN. |
said first film is composed of B -Ta and TaNo., and said second film is composed ofTaN. - 

-2- -

g;\nec\1210\137 1 S\amend\13715.am2.doc

GS oo so La
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09/596,415

REMARKS

- - Reconsideration ofthis application based on the foregoing Amendment and the

| following Remarks is respectfully requested. .
| . The Examiner has acknowledged the applicant’s election of Group I, claims 1-

10, in the applicant’s Response toa Requirement for Restriction of July5, 2001. Claims 11-
36 are withdrawn from consideration pursuant to 37 CER.§ 1.142(b)as being drawn to a |
nonelected invention, there being no allowable generic or linking claim. The Examinerhas ,

- treated the election as an election without traverse, in that the election was made without

, traverse in the applicant’s July5, 2001 response. -
Claims 1-3,5-7 and10 stand rejected under 35 U.S.C. § 102(b) as being

. anticipated by Vitkavage et al, (U.S. 5,858873)and claims 4, 8 and 9stand rejected under 35
U.S.C. § 103(a)as being unpatentable over Vitkavage et al.

In response, the applicants have amended claims 1.and 5 to recite that thefirst |
film is formed on the second film, the first film containing nitrogen in a smaller content than
that of the second film, The applicants have added new claims 37 and 38 whichrecitethat the

- first film is composed of 8 -Ta and TaNo,and the secondfilm is composed ofTaN. 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. | \

| Vitkavage et al discloses in column 4, lines 1-12, that the first layer 14is ...
, comprised ofa refractory material such asrefractory nitride, carbide or boronide. For
instance, the first layer 14 is comprised ofTiN, TiC or TiB. The adhesion or second layer 12.

~ is comprised of a metal such asTi, Ta, Zz, Hf orW. Thefirst layer 14 is formed on‘the

: 3 . . .

, gAnec\1210\137 15\amend\1371S.am2.doc: ‘
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09/596,415

second layer 12. In a typical case in the cited reference, the first layer 14 is composed ofTiN
- is formed onthe second layer 12 composedofTi. ‘Herein, the first layer14 contains:nitrogen

ina higher content than that of the second layer 12. .
In contrast, inthe present invention, claims ] and 5, as amended, and the

corresponding new dependentclaims 37 and 38, recite that the first film 16 in the present
‘invention is comprised ofa crystalline metal film containing nitrogen therein. Forinstance,

the first film 16 is composed of TaNo,: whichis called nitrogen-containinga Ta, ora

combination of TaNo,: and B -Ta. The second film 15 in the presentinvention is comprised of.
an amorphous|metal nitride film. For instance, the second film 15is composed ofTaN. That
is, the first film 16is composed ofcrystalline metal containing nitrogen at 10% or smaller,

- which is structurallydifferent from the cited reference.

Page 220 of 333

_and the second film 15 is composed of amorphous metal nitride containing nitrogen at about
30%. Thefirstlayer 16 containsnitrogenin a smaller content than that of the second film 15,

Z

In addition, in the present invention of amendedclaims1. and 5, the copper

film 18 makes contact with the first film 16 beneath which the second film 16 is formed. As |
iltustratediin Fig. 9, the first film 16 composed ofnitrogen-containingcrystalline metal:Has’a |

 smaller resistivity that that ofa Ta film containing no nitrogen. Hence, the first filmiis formed —
ofnot a pure-metal film, but a nitrogen-containing crystalline metal film.

Therefore, the applicants respectfully maintain that the present invention of
amendedclaims | and 5, and new claims 37 and 38 patentably distinguish over‘Vitkavageet

-al and that the claimsare not anticipated by. Vitkavage et al. under 35.U.S.c. 8. 10200).“Claim
3 stands together with claim 1 and claims 7 and. 10 stand together with claim 5.

4. | O
‘ g:\nec\1210\1371 S\amend\137 15.am2.doc
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09/596,415 Oo

With regardto the rejections of claims 4, 8 and 9 under 35 U.S.C.§ 103(a), the - -
yo applicants respectfully 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 ofall.

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 oo
reconsideration of the present application and issuance of a Notice ofAllowability are
respectfully requested.

Respectfully submitted

Anthony N-Fresco
Registration No.: 45,784

  
Scully, Scott, Murphy & Presser
400 Garden City Plaza .

a Garden City, New York 11530 7
; (516) 742-4343 - : a os

ANF:cm .
Encl. (Version with Markings.to Show Changes Made)

-5- re . |
g:\nec\1210\1371 5\amend\13715.am2.doc
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 VERSION WITH MARKINGS TO SHOW CHANGES MADE
in the Claims: |

Claims 2 and 6 have been eancelled.
Claim 1 has been amendedasfollows:

1, (Amended) A barrier film preventing diffusion of copper from a copper
wiring layer formed on a semiconductorsubstrate, comprising a multi-layered structure of

first and secondfilms, |

said first film being composed of crystalline metal containingnitrogen therein,

said second film being composed of amorphous metalnitride,
said barrier film being constituted of common metal atomic species,
said first film being formed on said secondfilm,

. gaid first film containing nitrogen in a smaller content than that of. said second
film.

Claim 5 has been amended as follows:
5. (Amended) A multi-layered wiring structure comprising a barrier film

which prevents diffusion of copper from acopper wiring layer formed ona semiconductor
substrate, |

said barrier film having a multi-layered structure offirst 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 beingformed on said second film,

-6-
g:\nec\L210\13715\amend\13715.am2.doc
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09/596,415

said first film containing nitrogen in a smaller content than that of said second —

film.

New claims 37 and 38 have been added as follows:

37. (New) Thebarrier film as set forth in claim 1, wherein said first film is.

composed of 6 -Ta and TaNo1, and said second film is composed ofTaN. |
!

38. (New) The multi-layered wiring structure as set forth inclaim 5, wherein

_ Said first film is composed of B -Ta and TaNo1, and said second film is composed ofTa.N.

g:\nec\1210\13715\amend\13715.am2.doc
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 UNITED STATES PaTrENT AND TRADEMARK OFFICE
. . ee UNITED STATES DEPARTMENT OF COMMERCEUnited States Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS.
Washington, D.C. 20231

an www.ugsplo. gov

APPLICATION NO. FILING DATE. ‘FIRST NAMED INVENTOR | ATTORNEY DOCKET NO, CONFIRMATION NO.

 
09/596,415 06/19/2000 Masayoshi Tagami 13715" 3425 .

7590 04/04/2002 , : poo .

Scully Scott Murphy & Presser 7
400 Garden City Plaza VU, HUNG K
Garden City, NY 11530 : . - :

: 2811 ,

_ DATE MAILED: 04/04/2002 , ;
¢

Please find below and/or attached an Office communication concerning this application or proceeding:

PTO-90C (Rev. 07-01)
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Applicant) 

 
 

Application No.:  TAGAMI ET AL.
Examiner 1 Art Unit

. Hung K. Vu 2811.
-- The MAILING DATEofthis communication appears «on the cover sheet with the correspondenceaddress--

Period for Reply : f .

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.
- €xtensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, maya'reply be timely filed

afler SIX (6) MONTHSfrom the mailing date of this communication.- Ifthe period for reply specified aboveis less thanthirty (30) days, a reply within the statutory minimum ofthirty (30) dayswill be considered timely.
- If NO periodfor reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHSfrom 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 réceivad by the Office later than three monthsafter the mailing date of this communication, evenif timelyfited, may reduce any
- -earnad patent term adjustment. See 37 CFR 1.704(b). :

09/596,415  Office Action Summary .  
    

  
Status ‘

1)X] Responsiveto communication(s) filed on 20 December 2001. .
2a) This actionis FINAL.  - _2b)(] This action is non-final. .
30 Sincethis’application is in condition for allowance except for formal matters; prosecution as to the merits is

closed in accordancewith the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.-
Disposition of Claims

4)h1 Claim(s) 1,3-5 and 7-38is/are pending in the application.
4a) Of the above claim(s) 11-36 is/are withdrawn from consideration.

5)C) Claim(s) is/are allowed. oo
©) Claim(s)4“ is/are rejected.
ne Claim(s) 37 and 38is/areobjected to.
8) Claim(s): aresubject to restriction and/or election requirement:

Application Papers
9)L] Thespecification is objected to by the Examiner. a a . | - |.

10) The drawing(s)filed on is/are: aj] accepted or bOI objected to by the Examiner. . |
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 4.85(a).

is: AO approved b)CJ disapproved by the Examiner.

 

 

 

 

41)C The proposed drawing correctionfiled on

If approved, corrected drawings are required in reply to this Office action.
120 The oath or declaration is objected to by the Examiner. °

Priority under 35 U.S.C. §§ 119 and 120
a) Acknowledgmentiis madeof a claim for foreign priority ¢under 35 U.S.C..§ 119(a)-@) or. 0.

a)CAll b)] Some * c)[] Noneof: -
1.0] Certified copies of the priority documents have been received. .
2.0 Certified copies of the priority documents have been receivediin Application No. SN
3.L] Copiesof the certified copies of the priority documents have been receivediin this National Stage

application from the International Bureau (PCT Rule 17.2(a)). ;
* See the attached detailed Office action fora list of the certified copies not received.

14)L] Acknowledgmentis madeof a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application.

 

a) LJ The translation of the foreign language provisional application,has been received.
15)L) Acknowledgmentiis made of éa claim for domestic priority under 35 U.S.C. ‘§§ 120 and/or 121.

 
Attachment(s)
1) ] Notice of References Cited (PTO-892) se 4) C1 ‘interview Summary (PTO-413) Paper No(s).
2 O Notice of Draftsperson’s Patent Drawing Review (PTO-948) 57 Notice of Informal Patent Application (PTO-482)3) [_] Information Disclosure Statemient(s) (PTO-1449) Paper No(s). a 5) OOther: 

U.S, Patent and Trademark Office . im ° ,
PTO-326 (Rev. 04-01) . : , Office Action Summary . t ' Part of Paper No. 8.
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_Application/Control Number: 09/596,415 . . Page 2
Art Unit: 2811

-DETAILED ACTION

Claim Rejections - 35 USC § 102

1. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the

basis for the rejections underthis section madein this Office action:

A person shallbe entitled to a patent unless —

(b) the invention waspatentedor describedin a printed publication in this or a foreign ‘country or in public use or on
sale in this country, more than oneyear prior to the date of application for patent in the United States:

Claims1, 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 ofHong et al.
Honget al. discloses a barrier film preventing diffusion of copper froma copperwiring layer
formed on a semiconductor substrate (22), comprising a multi-layered structure offirst and
second films,

A first film (48) being composed of crystalline metal containing nitrogen therein,

The second film (44) being composed of amorphous metalnitride,

The barrier film being constituted of common metal atomic species (Ti,Ta,W),

The first film being formed on the secondfilm,

The first film containing nitrogen (TiWN,TiAIN,TiSiN,TaSiN)in a smaller contentthan
that of the second film (TiN,TaN).

With regard to claims 3 and 7, Hong etal. discloses wherein the secondfilm hasa thickness 100-

6000 angstroms (within the range of 80 angstroms to 150 angstromsboth inclusive).
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(

Application/Control Number: 09/596,415 | Page 3 .
Art Unit: 2817. ot . ae

: §

With regard to claims 4 and 8, Hongetal. discloses whereinthefirst film has a thickness 100-

1000 angstroms(within the range of 60 angstromsto 300 angstroms both inclusive).

_ With regard to claim 9, Hong et al. discloses wherein the barrier film covers‘a recess and a hole

- formed throughout an insulating film (30) formed on an underlying wiring layer (22).

With regard to claim 10, Hongetal. discloses a copperfilm (26) formed onthefirst film. |

Response to Arguments

2. Applicant's arguments with respect to claims 1 and 5 have been considered but are moot
4

in view of the new ground(s)ofrejection.

Allowable Subject Matter |
| - u an

3. Claims 37 and 38 are objected to as.being dependent upon a rejected baseclaim,but

wouldbeallowable if rewritten in independent form includingall of the limitations ofthe base.

~ claim-and any intervening claims.

4. The following is an examiner's statementof reasonsfor allowance:

Applicants’ claims 37 and 38 are allowable over the references of record because none of

these references disclose or can be combinedto yield the claimed invention such as the first film

is composed of B-Ta and TaNo.1, and the secondfilm is composed of Ta,N.
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Ast Unit: 2811 -

Conclusion

5. | Applicant's amendment necessitated the new ground(s) of rejection presented in this
Office action. ‘Accordingly, THIS ACTION IS MADEFINAL. See MPEP § 706,07(a).

. Applicant is reminded of the extension of time policy as set forth in 37 CFR 1. 136(a). |
A shortened statutory period for reply to this final action is set to expire THREE

MONTHSfrom the mailing date ofthis action. In the eventa first replyis filed within TWO
MONTHSofthe mailing date ofthis final action and the advisory action is not mailed until after
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37

CFR 1.136(a) will be calculatedfromthe mailing date of the advisory action In no event,
however, will the statutory period for reply expire later than SIX MONTHS from the dateofthis
final-action. |

Any inquiry concerning this communication or earlier communications from the - /

examiner should be directed toHung K.Vuwhose telephone numberjis (703) 308-4079.. The:
examiner can normally be reachedon Mon-Thurs 7:00-5:30, Eastern Time.

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

organization where this application or proceeding is assigned are (703) 308-7722 for regular
communications and (703) 308-7722 for After Final conimunications. /

Any inquiry of ageneral natureorrelating to the status of this application or proceeding
- should be directed to the receptionist whose telephone numberis (703) 308-0956.
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ae. > . | Application/Control No. . Applicant(s)/Patent Under-...Ge a Reexamination
09/596, 415 a TAGAMI ETAL.Noticeof References Cited

. ClassificationZ . .

A 257/751

 
 
 

 

 
 

Classification oo

Tocle \

 
NON-PATENT DOCUMENTS

Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages

ce
“A copyof this referenceis not being-furnished with this Office action. (See MPEP § 707 .05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be USorforeign. ‘
U.S. Patent and Trademark Office

PTO-892 (Rev. 01-2001) Notice of References Cited , _. Part of Paper No. 8 -
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_ AMENDMENT TRANSMITTAL LETTER(LargeEntity) es Docket No. —
Applicant(s): Masayoshi Tagami,etal. 23S a BAS

Serial No. Filing Date ° Group Art Unit
09/596,415 June 19, 2000 . 2811

QS OF FABRICATING THE SAME ce
| Corres. and Mail

TO THE ASSISTANT COMMISSIONER FOR PATENTS:
Transmitted herewith is an amendmentin the above-identified application. ©

The fee has been calculated andis transmitted as shownbelow.
CLAIMS AS AMENDED

CLAIMS REMAINING .

AFTER AMENDMENT PREV. PAID FOR CLAIMS PRESENT RATE aa

Multiple Dependent Claims(checkif applicable) 0

Noadditional fee is required:for amendment. .
Please charge Deposit Account No. in the amountof
A duplicate copy of this sheet is enclosed.
Acheckin the amount of _ to coverthe filing fee is enclosed.

- The.Commissioneris hereby authorized to charge paymentofthe following fees associated with this
communication or credit.any overpayment to Deposit Account No. 19-1013/SSMP .
A duplicate copyof this sheetis enclosed. Se ,
O Any additionalfiling fees required under 37 C.F.R. 1.16.
C) Any patent application processing fees under 37 CFR 1.17.

NeFisee- _ Dated: June 4, 2002 .
Signature

Anthony N.Fresco
Registration No. 45,784 a,

| certify that this document and fee is bein siSCULLY, SCOTT, MURPHY & PRESSER on Tome 4,2002. “with the US. Postal Servos28
400 Garden City Plaza - ||first class mail under 37 C.F.R. 1.8and is addressed to the
Garden City, New York 11530 i )
(516) 742-4343

 

JSignature ofPerson Mailinga

Mishelle Mustafa - ,
Typed or Printed Name ofPerson Mailing Correspondence

 

 
_ PIILARGE/REVOG -
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“ae Aeet

AMENDMENT TRANSMITTAL LETTER(Large Entity). Tee DocketNo.
Applicant(s): Masayoshi Tagami, et al. _ Eh 13715 . 

Serial No. Filing Date miner Group Art Unit
- 09/596,415 June 19, 2000 % 2811.

Invention: MULTI-LAYERED WIRING LAYE

TO THE ASSISTANT COMMISSIONER FOR PATENTS:

Transmitted herewith is an amendment in the above-identified application.3 we

The fee has beencalculated andis transmitted as shown below. . . a |

/ CLAIMS AS. AMENDED @

_ CLAIMS REMAINING HIGHEST # NUMBER EXTRA * ADDITIONAL
AFTER AMENDMENT PREV. PAID FOR CLAIMS PRESENT

TOTAL CLAIMS 36 -pefoe $18.00 r 000
MultipleCDependent Claims {checkif applicable) a | $0.00

TOTAL ADDITIONAL FEE FOR THIS AMENDMENT°tse$0.00
No additional fee is required for amendment.

 
  

&

:() Please charge Deposit Account No. . . , inthe amountof
. A duplicate copyof this sheet is enclosed.

Cl) Acheck inthe amount of to:coverthefiling fee is enclosed.
) The Commissioneris hereby authorized to charge paymentof the following fees associated with this

communication or credit any overpayment to Deposit Account No. 19-1013/SSMP -
' A duplicate copyof thissheetis enclosed. °

Q Any additional filing fees required under 37 C.F.R. 1.16.
C] Any patent application processing fees under 37 CFR 1.17.

 Dated: June4, 2002

 Signature

Anthony N. Frésco
Registration No. 45,784

certify. that this documentand fee is being deposited

pr‘June. 4, 2002 , with the U.S. Postal Service as
SCULLY, SCOTT, MURPHY & PRESSER

 
 

400 Garden City Plaza : o . rst class mail under 37 C.F.R. 1.8 and is addressed to the
Garden City, NewYork 11530 i TO, ssistant Commissioner for Pate s, Washington, D.D.C.
(516) 742-4343 023. ; eh, :

ANF:yp . ~ ee .
ce: : Mishelle Mustafa oO

/ : ‘ / Typed or Printed Name ofPerson Mailing Correspondence

; . - PHILARGE/REVOS

. ~ ,
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RESPONSE UNDER37 C.F.R.§ 1.116

 
COPY 9 : }

CnetAPERS EXPEDITED PROCEDUREPILED EXAMINING GROUP2811

PATENTS -

IN THE UNITED STATES PATENT AND TRADEMARKOFFICE
: . ,

 Applicant(s): Masayoshi Tagami, etal. Examiner: H. Vu

Serial No: 09/596,415 ArtUnits | 2811

Filed: June 19, 2000 Docket:  ——-13715

For: " MULTI-LAYERED WIRING - ~ Dated: June 4, 2002 ©
‘LAYER AND METHOD OF

FABRICATING THE SAME. , :
Assistant Commissioner for Patents
United States Patent and Trademark Office
Washington, D.C. 20231

RESPONSE AFTER FINAL REJECTION UNDER 37 C.F.R.§ 1.116

Sir: :
In responseto the Final OfficeAction dated April 4, 2002,the applicant

respectfully requestsconsideration ofthe following Remarksinthe above-
identified case:

CERTIFICATE OF MAILING UNDER37 Cc.E.R. § 1.8(a
I herebycertify that this correspondenceis being deposited with the United

States Postal Service as first class mail in an envelope addressed to: Assistant™

Commissioner for Patents, Washington, D.C. 20231, on June 4, 2002.

Dated: June 4, 2002  
G:\nec\!210\1371 5\amend\13715.am3

u
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REMARKS

This response is submitted inresponse to the Final Office Action dated |
April 4, 2002 and respectfully requests that the Examiner reconsider the rejection _
-of the claimsasset forth therein. | | a

The Examiner objects to claims 37 and 38 as being dependent upon a.
rejected base claimbut would be allowableif rewritten in independent form.
including all of the limitations of the base claim and any intervening claims.

The Examiner has considered the applicants’. arguments with Tespect to -
claims | and 5 but the Examiner considers the argumentsmoot inview ofnew
grounds of rejection.

The Examiner has rejected claims |1, 3-5 and 7- 10 under 35 U.S.C.1020)
as being anticipated by Hong etal.(U.S. 5,668,411 - filed July 23, 1996 - issued .
September 16, 1997). |

‘Hong et al is anew reference cited by the Examiner. In the first Office
Action, the Examiner cited Vitkavageet al. (U.S. 5,858,873: filed March 12, 1997, .

. os issued January 12, 1999). The Examiner nowasserts that FIGS. 7-10and Table 1.
, | of Hong et al disclose the limitations of claim | of a barrier filmpreventing "

_ diffusion of copper from a copper wiring structure comprising abarrier film which
prevents diffusion of copperfrom a copper wiring layer formed on a semiconductor
substrate. |

In response‘the applicants respectfully maintainwith Tespect to claims1
and 5 that Hong et al does not disclose the first film being formed on the second
film, as recited by claims 1 and 5. Instead, Hong et al, FIGS. 7 and 10 discloses ;

!
Gi\nec\1210\1371 5\amend\1 3715.am3
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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 Honget al, which correspondsto thefirst

film of the present invention, contains TiN or TiWN. The bottom layer 44 of Hong
et al, which correspondsto the secondfilm of the presentinvention, containsTIN,
TiAIN,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 Hongetal, preferably, boththefirst and second films can
be TiN, or both can be TiWN.

Although tungsten has an atomic weight of 183.84 which is greater than the

atomic weight of either aluminum orsilicon, and the compound TiWN suggested
by Hongetal for the top layerorfirst film does contain nitrogen ina smaller

content than that of the bottom layer or second film, Honget al does not specify
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, byreciting that the first film is formed on the
second film, patentably distinguish over Hong¢t al. Furthermore, in the bestmode
described by Hong et al, the nitrogen content ofthefirst and second films are
equivalent, being comprised ofTIN. Furthermore, Honget al does not teach or

suggest any particular advantage of the first film being comprised of TiWN while
the secondfilm is comprised of TiN or TiAIN.

With regard to claims3-4 and 7-10, in view of the applicants” argumentsin
favor of claims | and 5 as patentably distinguishing over Hongetal, the applicants

G:\nec\!210\13715\amend\13715.am3
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respectfully maintain that claims 3-4 and 7-10 also patentably distinguish over
- Hongetal. |

The applicant respectfully requests that the Examiner consider the foregoing

/ . . . Remarks. The foregoing Remarks establish the patentablenatureof all of the
claims currently iin the application,i1.e. claims 1, 3-5, and 7-10. Claims 2 and 6°

“werere previously cancelled. Claims 37 and 38 are objected to as being dependent
- upon a rejection base claim but would be allowableifrewritten in independent

form to include all of the limitationsof the base claims and any intervening claims.

No new issues have beenraised, wherefore, early. and favorable reconsideration and
issuanceof a Noticeeof Allowanceare respectfully solicited.

Respectfully submitted,
 NidhayAoGser—

sateoyhosen,
Registration No.: 45,784

SCULLY, SCOTT, MURPHY & PRESSER
400 Garden City Plaza

* Garden City, New York 11530 7
(516) 742-4343/4366 FAX

ANF:yp

~  GAnee\1210\13715\amend\13715.am3
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8\

UNITED States PATENT AND TRADEMARK OFFIGE
UNITED STATES DEPARTMENT OF COMMERCEUnited States Patent and Trademark Office
Addresa: COMMISSIONER OF PATENTS AND TRADEMARKS7 Washington, D.C. 20231 :

www.usplo.gov

  APPLICATION NO. FILING DATE : , FIRST NAMED INVENTOR : . ‘ATTORNEY. DOCKETNO. CONFIRMATION NO.

09/596,415 06/19/2000 . Masayoshi Tagami : “13715 : 3425 -

7590 07/02/2002

Scully ScottMurphy & Presser
400 Garden City Plaza a VU, HUNG K
Gardén City, NY 11530 .

: 2811 4

DATE MAILED:07/02/2002

_ Please find below and/orattached an Office communication concerning this application or proceeding. °

PTO-90C (Rev. 07-01)
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U.S. Patent and Trademark Office . . , . , TECHNOLOGY CENTER 2800

 
  Application No. Applicant(s) W

09/596, 415 TAGAMI ETAL.

Examiner _ ArtUnit
_ Hung K. Vu | 2811

--The MAILING DATEofthis communication appears on the cover sheet with the correspondence address--

  
 
 
 

  

 
  
  
 

  
 

   
  
  

  

 
 

Advisory Action

 

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 abandonmentof this application. A proper reply toa
fina! rejection under 37 CFR 1.113 mayonly beeither: (1) a timely filed amendment whichplacesthe application in
condition for allowance; (2) a timely filed Notice of Appeal (with appeal fee); or (3) a timely filed.Requestfor ContinuedExamination (RCE) in compliance with 37 CFR 1. 114. . “

_ PERIOD FOR REPLY [clieckeithera) or b)]

a) i The period for reply expires 3months from the mailing date of thefinal rejection.
)b Oo The period for reply expires on: (1) the mailing date of this Advisory Action, or (2) the date set ‘forth in thefinal rejection, whicheveris later. In no

event, however, will the statutory period for reply expire later than SIX MONTHSfrom the mailing date ofthe final rejection.
ONLY CHECK THIS BOX WHEN THE FIRST REPLY WASFILED WITHIN TWO MONTHS OF THE FINAL REJECTION. See MPEP
706.07(f).

Extensions oftime may be obtained under 37 CFR 1. 136(a). The date on whichthe petition under 37 CFR 1.136(a) and the appropriate extension fee
have beenfiled is the date for purposes of determining the period of extension and the corresponding amountof the 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 setin the final Office action; or (2) as set forth in -
(b) above,if checked. Any reply received by the Office later than three monthsafter the mailing date of thefinal rejection, even if timely filed, may reduce any -
earned patent term adjustment. See 37 CFR 1 .704(b).

  
  
  
  
  

  

  
  

101 A Notice of Appealwasfiled. on . Appellant's Brief must befiled within ththe period set forth in. |
37 CFR 1.192(a), or any extension thereof (37 CFR 1.191(d)), to avoid dismissal of the appeal.

2.C) The proposed amendmeni(s)will not be entered because:

 

(a) C they raise new issues that would require further consideration and/or search (see NOTE below):
(b) (1 theyraise the issue of new matter (see Note below);
(c) ().they are not deemedto place the application in better form for appeal by materially reducing or simplifying the

issues for appeal; and/or ,

(4) (2 they present additional claims without canceling aCorresponding numberoffinally rejected claims.
NOTE: . . }

3.00 Applicant's reply has overcomethe following rejection(s):
4.0) Newly proposed or amendedclaim(s) ___ would be allowable if submitted in a“separate, timely filed amendment

. canceling the non-allowable claim(s). ,

  
  
  
   
  

    

5.) The aC] affidavit, b)) exhibit, or c)X] request for reconsideration has been. considered but does Not place the
application in condition for allowance because: See Continuation Sheet.

6.C] Theaffidavit or exhibit will NOT be considered becauseit is not directed SOLELYto issues which weree newly
raised by the Examinerin the final rejection.

7. For purposes of Appeal, the proposed amendment(s) a) will not be entered or yo will be entered and an
explanation of how the new or amended claims would be rejected is provided below or appended.
The status of the claim(s)is (orwill be) as follows:
Claim(s) allowed: oe ; oo 4
Claim(s) objected to: 37 and 38. , , .
Claim(s) rejected: 1,3-5 and 7-10.

Claim(s) withdrawn from consideration: 41-36.

8.) The proposed drawing correction filedon

 

isCI approved or b)L]- disapproved by the Examiner.
9.L] Note the attached Information Disclosure Statement(s)( PTO-1449) Paper No(s).
10.0: Other:

 

  —

  

 

 

TOMTHOMAS.
ERVISORY PATENT EXAMINER

   

 

 
PTO-303 (Rev. 04-01) / AdvisoryAction | . “. Part of Paper No.10
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°, 09/596,415 1
Continuation Sheet (PTO-303) mo Lo - Application No.

- Li

! .

Continuation of 5. does NOTplace the application in condition for allowance because: Hongetal. discloses forming.a first film (48)
containing nitrogen (TIWN, TiAIN,TISIN or TaSiN)in a smaller content than that of the second film (44) which is TiN of TaN. Further,
Hongetal. also discloses forming thefirst 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: . . ot .
et al. reference. ‘ \
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, ‘REQUEST.
FOR“CONTINUED EXAMINATION (RCE)

- TRANSMITTAL-

: FhingDate June 19, 2000

 
 
 

 
  

 
 

“Address to: :
Commissioner for Patents

Box RCE

Washington, DC 20231 

| This isa Requestfor Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not applyto anyutility or plant application filedod prior to June8, . / |

 
 

 ., Submission required under 37 CFR §1.114
a. Previously submitted. '

i. = Consider the amendment(s)/reply under 37 CFR §1. 116 previously filed on
: (Any‘unentered amendment(s) referred to above-will be entered).
' O Cc nsider,t e argumentsiintheAppeal Brief or Reply Brief previouslyfiled on
» DOther

 

 . tii, O “Information Disclosure vacaat aseiv.I Other: - Petition for Extension of Time=  

 

».TI Bieotorishereby authorized to charge the following fees, or credit any overpayments, to
‘Deposit.Account No; . 19-1013/SSMP.- _:

- Be RCEfeerequired under 37 CFR§1.17(e) 08/12/2002 ANONDAF1 00000024 09596415
. Extensionof.time fee (37 CFR §§1. 136 and 1.17) . 740.00 OP» OF Other _- __ 01 FCsI79 | | :b. - Check in the amountof $ "740,00/140,00_enclosed

o ce QO Payment by credit card (Form PTO-2038 enclosed)
WARNING: Inforination on this form may become public.. Credit card Information should not

dedon this form. Provide credit card information and authorization on PTO-2038.

 
 

 

 ~ SIGNATUREOFAPPLICANT, ATTORNEY, OR AGENT REQUIRED
“Registration No. (Attomey/Agent) 30,748 

  

 
ssioner For Patents. Boc RCE, Wa: ington, oc 20231, or‘facsimile transmitted: to the U.S. Patent.

 

  
 

 
 ndin

yo cer, U.S. Patent and Trademark Office, Washington, DC 20231; ne p it}ea, Peeouattime you are fred to complete this form should be sent\o\theChief informa
T- SENDFEES |OR.i MPLETEDBox'RCE: W DC 20231  
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E _August5, 2002

 
  

 
 
 

n the needs of the individual case. Any comments con ©

TO THIS ADDRESS. SEND Fees and ompleted Formsto the:‘following address: Assistant Commissioner for...”
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Pte

COPY OF P4urERe
ORIGINAL.’ FILED

 

 
 

 
 

 

TE werere 1 secrets:

- PTO/SB/30 (10/2001)

Approved for use through 10/31/2002 OMB.0651-0031 +U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
Application Number 09/596,415 . - 

 
 

 

 
 

 

REQUESTForCONTINUED EXAMINATION (RCE)
TRANSMITTAL .

 
 

Attomey Docket Numbe 13715 "
This is a Request for Continued Examination (RCE) under 37.CFR 1.114 of the above-identified application

. Request for Continued Examination (RCE) practice under 37 CFR 1. 414 does not apply to anyutility or plant application filed: prior to June ~
8 - ‘

 
 

  
 

Addressto:

Commisstonerfor Patents
Box RCE

Washington, DC 20231 

Submission required under 37 CFR uh 114
a.) Previously submitted

i. ( Consider the amendment(s)/reply under 37 CFR §1.116 previously filed on
(Any unentered amendment(s) réferred to above will be entered).

ii. (J Considerthe arguments in theAppealBrief or ReplyBrief previously filed onii. (J Other

b. Enclosed , a =
i. KK) Amendment/Reply ii, Q Information.‘Disclosure Statement (Ds) a
i. O Affidavit(s/Dectaration(s) iv. &} Other _ Petition for Extension of Time 3

2.

a. OT Sycremien 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. () Other

3. The RCEfee under 37 CFR §1.17(e) is required by 37 CFR §1.114 whenthe RCEis fled.

a. i The Director is hereby authorized to charge the following.fees, or credit any overpayments, to
Deposit Account No. 19-1013/SSMP

i. & RCE fee required under 37 CFR §1.17(e) —
ii. Extension of time fee (37 CFR §§1.136 and 1.17) °
ii. QO | Other

b. J] Check in the amount-of $ 740,00/110,00_ enclosed’
c. CJ Payment by credit card (Form PTO-2038 enclosed)

“WARNING:Information onthis form may becomepublic. Creditcard 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
Paul J. Esatto, Jr. Registration No. (Attomey/Agent)|30,749 : ,

Signatur 7)nS sua 5200
CERTIFICATE OF MAI ING OR TRANSMISSION :

| hereby cortithat this correspondence |is being tonene with the United States Postal Service with sufficient postageasfirst class mail in
lan envelope addressedto: ee ashington, OC 20231, or facsimile transmitted to the U.S. Patent
landTrademark ft : ‘ ‘

_ Signature _ iA ASA DM August 5, 2002
Burden Hour Statement: This forth is ‘Satimated to take 0.2 hours to complete. ‘Time will vai 4 dependingups n the needs of the individual case. Any comments on
the amount of time you are required to complete this form should be senttothe ‘Chief information Patent and Trademark Office, Washington, DC 20231.DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND Fees and Completed Forms to the following address: Assistant Commissioner for: Patens, Box RCE, Washington, DC 20231. . :

i
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09/577,702 °

PATENTS.~! 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant(s): Masayoshi Tagami, etal Examiner: H. Vu . :
Serial No.: 09/596,415 , . Art Unit: 2811 z/p, a
Filed: ~ June 19, 2000 | - Docket: 3715 Sones

For: MULTI-LAYERED WIRING . Dated: _ August 5,2002
LAYER AND METHOD OF , a

- FABRICATING THE SAME °

Assistant Commissioner for Patents

  

  

United States Patent and Trademark Office 2
Washington, D.C. 20231 a oe

oo 43,
. : . % co

oS
: SS

‘Sir: e°

‘In response to the Final Office Action dated April 4, 2002, and the Advisory _

Action of july 2, 2002 issued in responseto the applicants? Response AfterFinal

Rejection Under 37.CFR 1.116 of June 4, 2002 andthe telephonicinterview‘with: 2
the applicants’ representative, Anthony N.Fresco,on July 29, 2002, the applicant8;  “")-

: . C me ms
respectfully submit the following Preliminary Amendmentin conjunction withthé S

concurrently-filed request for continued examination (RCE): 2

CERTIFICATE OF MAILING UNDER37 C.F.R.§ 1.8(a)
[hereby certify that this correspondence ig,being deposited with the United

States PostalService.as first class mail in an envelope addressedto: ~Assistant

‘Commissioner for Patents, Washington, D.C. 20241, on August 5, 2002. ©

Dated: August 5, 2002 ON ’\\ \o
\__Mishelle Mustafa \ ,

1 Gs\ne\1210\13715\amend\13715.am4 Ds >
a }
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| : IN THECLAIMS:
Nemes 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, comprisinga:
multi-layered structure of first and second films, |

. a, said first film being composed of crystalline metal containing
0 nitrogen therein, |

| said second film being composed of amorphous metalnitride,
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. 

jee

Please amend claim 5 to read as follows:
5. (Twice Amended) A multi-layered wiring structure comprising a

barrier film which prevents diffusion of copper from a copper wiring layer formed

‘ona semiconductor substrate,

0 said barrier film having a multi-layered structure offirst and second .
films, | |

/ said first film being composed of crystalline metal containing
nitrogen therein, — a |

| _ said secondfilm being composed of amorphous metal nitride, oe

2 . G:\nec\1210\13715\amend\13715.am4
“y “9 °

ifyoe
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09/577,702

saidbarrier film being constituted of common metal atomic species,
said first film being formed on said secondfilm,

said first film in direct contact with said second film, "
saidfirst film containing nitrogen in a smaller content than thatof

said second film.
 

LO oe | REMARKS|
This Preliminary Amendmentand the concurrently filed RCE are

- submitted in responseto the Final Office Action dated April 4, 2002 and
‘respectfully requests that the Examiner reconsider the rejection of the claimsasset
forth therein. 

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 |

\ including all of the limitations of the base claim and any intervening claims.

. The Examiner has considered the applicants’ arguments with respect to
claims | and 5 but the Examinerconsiders the arguments moot in view of new
grounds of rej ection. .

The Examinerhas rejected claims 1, 3-5 and 7-10 under 35 U.S.C. 102(b)
as being anticipated by Honget al. (U.S. 5,668,411 — filed July 23, 1996 ~ issued ' ; 

. September 16, 1997).

Hongetal is a new referencecited by the Examiner. In thefirst.Office

Action, the Examinercited Vitkavageet al. (U.S. 5,858,873 — filed March 12, 1997

— issued January 12, 1999). The Examiner now asserts that FIGS. 7-10and Table 1

3 " GAnec\210\1371 S\amend\13715.am4-
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of Hong et al disclose the limitations ofclaim 1-ofa barrier film preventing
diffusion of copper. from a copper wiring structure comprising a barrier film which
prevents diffusion of copper from a copper wiring layer formed on asemiconductor | -
substrate. | | | |

In the applicants’ June 4, 2002 ResponseAfter Final Rejection Under 37
CFR1.116, the applicantsrespectfully maintained with respect toclaims | and5°.
that Honget aldoes notdisclose the first film being formed on the second film, as
recited by claims 1 and 5. Instead, Honget al, FIGS. 7 and 10 discloses that there |
isa seed layer 46 of the diffusionbarrier film positioned between the top layer 48 :
and the bottom. layer 44. ©

Furthermore, the applicantsalso argued that the top layer 48 ofHong et al,
which correspondsto the first film of the present invention, contains TiNor TiWN.
_The-bottom layer 44 of Honget al, which corresponds to the second filmof the :
present invention, contains TIN, TiAIN, or TiSiN. Therefore, contrary tothe
Examiner’s assertion, Hongetal does not disclose that the first film coritains
nitrogen in a smaller content than that of the secondfilm. | Instead, inHongetal,
preferably, both the first and second films can be TIN,or both can be TiWN.

Although tungsten has an atomic weight of 183.84 whichIs greater than the |
‘atomic weight of either aluminum or silicon, and the compound. TIWN suggested
by Hong et al for the top layerorfirst film does contain nitrogen in a smaller 7
content than that of the bottom layer or second film, Honget aldoes not specify
that the first layer must contain nitrogenin a smaller content than that of the second

r_ layer, as recited by claims 1 and 5.

4 . GAnectl210\1371S\amend\i3715.am4
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09/577,702

The applicants argued that, therefore, claims1 and 5, by reciting thatthe:
' first film is formed onthe second film, patentably distinguish over Hong et al.

Furthermore, in the best mode. described by Hongetal, 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 ofthe first film being
comprised of TiWN while the second film iscomprised of TiN or TiAIN.

In the AdvisoryAction of July 2, 2002,the Examiner rejected the foregoing
arguments, asserting that Hongetal discloses forming a first film (48) containing |
nitrogen (TIWN, TAIN, TiSiN or TaSiN) ina smaller content than that of the
second film (44) which is TiN or TaN. The Examiner’s position further isthat
Hong et alalso discloses forming the first film (48) on the second film (44). The |

Examiner noted howeverthat the claimed language does not state whether the first -
filmis formed on andin direct contact with the: second film. |

| In response, ina facsimile sent on Jjuly 25, 2002 to the
Examiner,theapplicants proposed amendments toclaims1 and55 to recite “said
first film in direct contact withsaid secondfilm,”. 

. . Ina 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, AnthonyN.Fresco,that the

proposed amendment to claims I and5 requires further searchand consideration,
and that a RCE would be required. Therefore, the applicants are herein submitting —
this Preliminary Amendment Under 37 CFR 1.1153in conjunction with the

5 , G:Anec\1210\1371 5\amend\13715.am4. +
Po

 

Page 246 of 333



      

  

      

         

           

      

        

 

        

         

        

         

           

  

      

        

            

   

          

        

 

        

Page 247 of 333
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VERSION WITH MARKINGSTO SHOW CHANGES MADE
In the Claims:

Claim 1 has been amendedasfollows:

1. (Twice Amended) A barrier film preventing diffusion of copper
from a copper wiringlayer formed on a semiconductorsubstrate, comprising a

multi-layered structure offirst and secondfilms,

said first filmbeing composed of crystalline metal containing
nitrogen therein, |

saidsecond film being composed ofamorphous metalnitride,

said barrier film being constituted of common metal atomic species,
said first film being formed on said second film,

saidfirst 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 asfollows:
5. (Twice Amended) A multi-layered wiring structure comprising a

barrier film which prevents diffusion of copper froma copperwiring layer formed
| on a semiconductorsubstrate, |

said borrier film having a multi-layered structure offirst and second
films, |

said first film being composedofcrystalline metal containing
nitrogen therein,

said second film being composed of amorphous metalnitride,

7 GAnec\1210\137 [ S\amend\13715.am4
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concurrently filed RCE to enter the amendmentsto claims1 and5to recite.“said _. ( . . . ‘

first film in direct contact with said secondfilm,”. No new matter has been added. 

With tegard to claims 3-4and 7-10, in view of the applicants’ amendments
to claims 1 and 5, which the applicants respectfully maintain establish claims land

5 as patentably distinguishing over Hong et al, the applicants maintainthat claims

3-4 and 7-10 also patentably distinguish over Honget al. ©
The foregoing Remarks establish the patentable natureofall of the claims

~~ currently inthe application,ie. claims 1, 3-5, and 7-10 and 37-38. 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 allowableif rewritten in independent .

form to includeall 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 reconsideration and issuance of a Notice of Allowanceare respectfully ~

solicited, es a
Respectfully submitted, ; .

(hittin ifPako
Anthony NCFresco
Registration No.: 45,784

SCULLY,SCOTT, MURPHY & PRESSER
400 Garden City Plaza .
Garden City, New York 11530.

(516) 742-4343/4366 FAX

“ANF:yd
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Enclosure:Version with Markings to Show Changes Madex

6 ~ GAnec\1210\13715\amend\13715.am4
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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 saidsecond film

said first film containing nitrogenin a sma!ler content thanthatof,-

said secondfilm.

8 : . . G:\nec\1210\1371 S\amend\13715.am4
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PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) | ~ «Docket No. | -
j oS (Large Entity) Pt a 13715 

In Re Application Of: Masayoshi Tagami,etal.

Serial No. Filing Date ~, spall” Examiner Group Art Unit

09/596,415- [ June 19,2000 _ H.Vu 2811
Invention: MULTI-LAYERED WIRING LAYER AND METHOD OF FABRICATING THE SAME_—. i il .

COPYOF PAPER: 60E
ORIGINALLY FILED

- TO THE ASSISTANT COMMISSIONER FORPATENTS: |
This is a request underthe provisions of 37 CFR 1.136(a)to extend the period for filing a response to the Office Action
of , AJ ul.4, 2002 above-identified application.ate

The requested extension is as follows (check time period desired}
& One month © Two months ._G Three months © Four months

from: July 4, 2002 until: "August 4; 2002 |
Date . . Date

Thefeefor the extensionof time is $110 ‘and is to be paid as follows: = ee
_ Acheckin the amountof thefee is enclosed. . ©
w The Commissioneriis hereby authorized to charge any fees.which may be required, or credit any ‘

overpayment, to Deposit Account No. 19-1013/SSMP -
Aduplicate copyof this sheetis enclosed. ~

(If an additional extensionoftimeis required, please considerthis apetition therefor and charge |
any additional fees which may be required to Deposit Account No. 19-1013/SSMP

A duplicate copy of this sheet is enclosed.

‘ff \ & - : _ Dated: August 5, 2002 ) Signature

AnthonyN.Fresco
Registration No. 45,784

, . | certify that this document and fee~48being depositedSCULLY, SCOTT, MURPHY & PRESSER orAugust 5, 2002 im withthé U.S. Postal Service as400 Garden City Plaza i . fr t class mail under,37 C:E.R741.8 and is addressed to the
‘Garden City, New York 11530 Assistant Commissionerter,Patents: Washington, pc.

. (516) 742-4343 . / oN :

O8/1P #2008 AWONDAFL 00000024 09596415
Oe Fls1is 110.00 OF

 
Mishellewarn

Typed or Printed NameofPerson Mailing Correspondence

P12LARGE/REV06
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PETITION FOR EXTENSION OF TIME UNDER37 CFR 1.136(a)
‘(Large Entity)

Docket No.
13715

Group Art Unit
2811

 
 

 

 
  
 

 
  
 

  
 
 

 “In ReApplication Of: Masayoshi Tagami,etal.

 
 

  Serial No. Filing Date .

09/596,415 June 19, 2000

‘. Examiner .
H. Vu  

  Invention:. MULTI-LAYERED WIRING LAYER AND METHOD OF FABRICATING THE SAME

 
 COPY OF PAPERS

ORIGINALLY FILED

TO THE ASSISTANT COMMISSIONER FOR PATENTS:
This is a request underthe provisionsof 37 CFR 1. 136(a) to extend the period forfiling a response to the Office Action.
of April 4, 2002 above-identified application.Date

  
 
 

The requested extension is as follows (check time period. desired):

One month. a Three months 
 

CL) Two months -C} Four months ©) Five months 

 
 
  

until:  from: July 4, 2002
Date

August 4, 2002
Date

   
  

  
  
  
  

 

 

  
 

The fee for the extension of time is $110
& ‘ Acheck-in the amountofthe fee is enclosed.

XX} The Commissioneris hereby authorized to charge any fees which maybe required, or credit oni:
overpayment, to Deposit Account No. 19-1013/SSMP

 and is to be paid asfollows:

 A duplicate copy ofthis sheetis enclosed. Bz uv
If an additional extensionof timeis required, please considerthis a petition therefor and charge ©co Gey

any additional fees which may be required to Deposit Account No. 19-1013/SSMP oo G oOo 4
A duplicate copy of this sheet is enclosed. , ms col: }rey Cty '

“OA a)mx
| 82

| 2iM . Froace- Dated: August 5, 2002 -
Signature

  
  
    

  
 
 
 

 
 

  

Anthony N. Frésco /

Registration No. 45,784  

  
 SCULLY, SCOTT, MURPHY & PRESSER

400 Garden City Plaza i
Garden City, New York 11530 © |
(516) 742-4343 \

| certify that this document and.feeis being deposited
om August 5, 2002 ti the U.S. Postal Sefvice as
first class mail under 37 C°R.R. 1.8 and is addressedd to the
Assistant Commissioner fo!
20231: ‘ 4

 
 

 
 

Mishelle Mustafa

Typed or Printed Name ofPerson Mailing Correspondence

P12LARGE/REVOG
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Transaction History Date Qoeva-09-'®
Date Information retrieved from USPTO Patent:

Application information Retrieval (PAIR) |.
system records at www.uspto.gov

Application No.: 
 

 
  ‘ Applicant(s)

, ot ope 09/596,415 TAGAMI ET AL.
Notice ofAllowability Examiner Art Unit

Hung K.Vu . 2811

-- The MAILING DATEof this communication appears on the cover sheetwith the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED inthis application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF.PATENT RIGHTS.This application is subject to withdrawal from issue at the initiative’
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. ‘

  

1. X This communication is responsive to 8/5/02.
2. XX] The allowed claim(s) is/are 1,3-5,7-10,37 and 38.
3.(] The drawings filed on are accepted by the Examiner.
4. Acknowledgmentis made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

_a)& Alb) Some* c)[ None ofthe:
1. X] Certified copies of the priority documents have beenreceived: -

 
 

' 2. (] Certified copies of the priority documents have been receivedin Application No.
3. (1 Copiesof the certified. copies of the priority documents have beenreceivedin this national stage application from the

International Bureau (PCT Rule.17.2(a)).

* Certified copies not received:

5.0 Acknowledgmentis made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).
(a) [] The translation ofthe foreign language provisional application has been received. _

6.0 Acknowledgmentis made of a claim for domestic priority under'35 U.S.C. §§ 120 and/or 121.

 
Applicant has THREE MONTHS FROM THE “MAILING DATE"of this communicationto file a reply complying with the requirements noted
below. Failure to timely complywill result in ABANDONMENTofthis application. THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

7.0) A SUBSTITUTE OATH OR DECLARATION mustbe submitted. Note the attached EXAMINER'S AMENDMENTor NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) whythe oath ‘or declarationis deficient.

 
8. [IX] CORRECTED DRAWINGS mustbe submitted.- oe

(a) [X)_ including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-948) attached
1) Kl hereto of 2) to PaperNo.__. BS

(b) (] including changes required by the proposed drawing correction filed_ss, which has been approved by the Examiner. :
(c) oO including changes required by the attached Examiner's Amendment / Commentor in the Office action of Paper No.

identifying indicia such as the application number(see 37-CFR 4.84(c)) should be written on the drawings in the top margin (not the back)
of each sheet. The drawings should befiled as a separate paper with a transmittal letter addressed to the Official Draftsperson..

9. (] DEPOSIT OF and/or INFORMATIONabout the deposit ofBIOLOGICAL MATERIALmust be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.  

 
  
 

Attachment(s).

1B Notice of References Cited (PTO-892) : _ 20 Notice of Informa! Patent Application (PTO-152)
3K] Notice of Draftperson's Patent Drawing Review (PTO-948) 4C Interview Summary (PTO-413), Paper No.
5] Information Disclosure Statements (PTO-1449), PaperNo. _ Lo 6K] Examiner's Amendment/Comment .
7Z Examiner's Comment Regarding Requirement for Deposit 8[x] Examiner's Statement of Reasons for Allowance

of Biological Material 9] Other . —

\ So oN, \ Wewe
TOM THOMAS  

 ERVISORY PATENT EXAMINERvt OGY CENTER 2800U.S. Patent and Trademark Office

PTO-37 (Rev. 04-01) , Notice of Allowability - Part of Paper No. 14.
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Application/Control Number: 09/596,415. - a _— - - Page 2
Art Unit: 2811 . .

 

| Examiner's Amendment
1. This application is in condition for allowance except for the py fence of claims 11-39 to
invention non-elected without traverse’ Accordingly, claims 11-36 have been cancelled,

Allowable Subject Matter

2. The following is an examiner's statement of reasons for allowance:

Applicants’ claims 1, 3-5,7-10 and 37-38 are allowable overthe references of record
because none of these references disclose or-can be combined to yield the claimedinvention such
as the barrier film preventingdiffusion of copper from a copper wiring layer formed on a

‘semiconductor substrate comprising, 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 metalnitride, the barrier film being constituted of common metal ..
atomic species, the first film being formed on the second film, the first film in direct contact with
the second film, the first film containing nitrogen ina smaller content than that of the second

film.

-Any commentsconsidered necessary by applicant must be submitted no later than the

paymentof the issue fee.and, to avoid processing delays, should preferably accompanythe issue.

fee. Such submissions should be clearly labeled "Comments on Statement of Reasonsfor

Allowance.”
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Application/Control Number: 09/596,415 Page 3

Art Unit: 2811 . -
C

Conclusion

3. Papersrelated to this application may be submitted to Technology Center (TC) 2800 by -
facsimile transmission. Papers should be faxed toTC 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 OG 30 (November 15, 1989). The Group 2811 Fax. /
Center numberis (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.

Examiner should be directed to Hung Vu whose telephone numberis (703) 308-4079, The ©

Examineris in the Office generally between the hours of 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 orrelating to the status of this application shouldbe ~~-

directed to the Technology Center Receptionists whose telephone numberis (703) 308-0956.

SS Le\Ne ney \yoes
Vu : : TOMTHOMAS |

, SUPERVISORYPATENT EXAMINER
September6, 2002 . —. TECHNOLOGY CENTER. 2800 —
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oN Application/Control.No: Applicant(s)/Patent Under~ es : .
S aa : Reexamination

TAGAMI ET AL.

Notice of References Cited Anni
Page 1 of 1

Document Number Date

Country Code-Number-Kind Code |’ MM-YYYY

|
es
os

TT
Us-

 
|w|JP9-293690 41-1997.|JAPAN

*A copy of this reference is not being furnishedwith this Office action. (See MPEP § 707.05(a).) ~
Dates in MM-YYYY format are publication dates. Classifications may be USorforeign.

U.S. Patent and Trademark Office . : : , : , ,
PTQ-892 (Rev. 01-2001). Notice of References Cited ; Part of Paper No. 14

Page 255 of 333

Document Number Date : es
Country Code-Number-Kind Code MM-YYYY Country Name Classification,
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Form PTO 948 (Rev. 03/01)

\. ca _ NOTICEOF DRAFTSPERSON'S - wee
. PATENT DRAWINGREVIEW: “eet

 
approved by the Draftsperson unde 7 CFR 1.84 or |. 152.

U. Ss. DEPARTMENT OF COMMERCE- Patent arid Trademark Office

8 efter

   
Application No.

aR EY.

B. objected to by the Draftsperson under 37 CFR 1.84 or 1.152 for the reasons indicated below. The Examinerwill require
submission of new, corrected drawings when necessary. Corrected drawing must be sumitted according tothe instructions on the back of this notice.

 . DRAWINGS. 37 CFR 1.84(a); Acceptable categories of drawings:
Black ink. Color.

____ Color drawings are not acceptable until! petiton is granted.
Fig(s)

____ Pencil and non black inknot permitted, Fig(s)
. PHOTOGRAPHS. 37 CFRI.84(b) °

1 full-tone set is required. Fig(s)
Photographs may. not be mounted. 37 CFR 1. Bae)

i falf-tone). Fig(s)
R. 37-CFR 1.84(ey'

Erasures,alterations, overwrilings, interlineations, ~Yfolds, copy-machjnemaskerertecepied.Fig(s)! —}Y
~___ Mylar, velum paper is not acceptable (too thin).

Fig(s)

4. SIZE OF PAPER. 37 CFR 1.84(t): Acceplable sizes: ,
____ 21.0 cm by 29.7 cm (DIN size Ad)
4.6. cmby 27.9 cm (8 1/2 x 11 inches)

All drawing shects not the same size.
Sheet(s)

____ Drawings sheets nolan acceptable size._ Fig(s)
5. MARGINS. 37 CER I. 84(g): Acceptable margins:

 

nm

 
 

  
  

  Top 2.5cm Lett 2.5cem Right 1. Sem Bottom \. dom
‘ SIZE:, AdSize

‘Left 2.5-cm’Ri
SIZE: 8 1/2

5 nal acceptable.
Top (T)
Right (R)

  

  
  
  

 
 

  
  Left 0Bottom (

correspond to drawing changes.

Partial views. 37 CFR 1.84(h)(2) % .
____ Views not jabeled separatelyor properly.

Fig(s) \

6. VIEWS. 37 CFR 1.84(h)
REMINDER: Specification may require revision td

_____ Brackets needed to show figure as one entity.
Fig(s)

Enlarged view not labeled separctely or properly.
Fig(s)

  

  
  

 

 

7. SECTIONAL VIEWS. 37 CFR 1.84 (h)(3)

+ Hatching not indicated for sectional portions ofan object,
Fig(s)

_.__ Sectional designation should be noted with Arabic or
Roman numbers. Fig(s)  

COMMENTS

REVIEWER

ATTACHMENT TO PAPER NO.

et 7, . oo .

Page 256 of 333
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Zz7:“Chee LINES. 37 CFR 1.84(q) _ 4

 

 
  
   
  
  
  
 

  

8. ARRANGEMENTOFVIEWS. :37 CFR 1.84(i)
: J Words do-not.appear-on a horizontal, left-to-right fashion

when pageis either upright.or iurned So that ihe.Lop
2 becomesthe right side, excepl for graphs. Fig(s)
9. _ SCALE. 37 CFR 1.84(k)Séale noi ‘large enough toshow mechanism without

crowding’ whendrawingisreducediin size to two-thirds iin
Jfeproduction. .
’ Fig(s)

 defined: lean,
Fig(s) - ptVv

. SHADING. 37 CFR 1.84¢ m)
____ Solid black areas pale. Fig(s)
____ Solid black shading not permitted. Fig(s)

: Shadelines, pale, rough and blurred. -Fig(s):

‘12. NUMBERS, LETTERS, & REFERENCE CHARACTERS.
37 CFR 1.84(p)

. Numbers and reference characters not plain and legible.
Fig(s) _Figure legends are poor. Fig(s)

+) se) 14 Numbers and reference charactersnot orientediin-the
same direction as the, view. 37 CFR I. 84(p)(1)
Fig(s)
English alphabet notused. 37 CFR | 84(p)(2)
Figs,

~:Numbers, letters and reference characters must beat least

 
  
  
  

 
.42 em (1/8 inch) in height. 37 CFR 1 84(p))
Fig(s)

Lead lines cross each other.

.~—- Lead lines missing. Fig(s)
14, NUMBERING OF SHEETS OF DRAWINGS. 37 CFR 1.84(t)

____. Sheets not numbered consecutively, and in Arabic numerals
beginning with number 1. Shcet(s)

JAS. NUMBERINGOF VIEWS. 37 CFR 1.84(u)
___ Views not numbered’ consecutively, andin Arabic numerals,

beginning with number1. Fig(s):
16. CORRECTIONS. 37 CFR 1,84(w)

—___. Corrections not madefrom prior PTO-948“~~ dated

17, DESIGN DRAWINGS. 37 CFR 1,152
____ Surface shading shown not appropriate. Fig(s)
____ Solid black shading not used for color contrast.

Fig(s)

Fig(s).

TELEPHONE NO, 
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Attachment for PTO-9488 (Rev. 03/01, orearlier)
, 6/18/01

Thebelow text replaces thepre-printed text under the heading,
“Information on HowtoEffect Drawing Changes,” onthe back-

of the PTO-948 (Rev. 03/01, or earlier) form.
INFORMATION ONHOwTO EFFECT DRAWING CHANGES

1. Correction of Informalities -- 37 CFR-4:85-

-New corrected drawings mustbe filed with the changes incorporated therein,Identifying indicia, if provided, should include-thetitle of the invention,
inventor’s name, and application number, or docket number(if any) ifan
application numberhas not been assignedto the application. If this informationis
provided, it must be placed on the front of each sheetarid centered within the top
margin. Ifcorrected drawings are required in a Notice of Allowability (PTOL-
37), the new drawings MUSTbe filed within the THREE MONTHshortened
statutory period set for reply in the Notice of Allowability. Extensions of time .
may NOTbe obtained underthe provisionsof 37 CFR 1. 136(a) or (b) for filing
the corrected drawings after the mailingofa Notice of Allowability. The  *

‘ drawings shouldbe filed asa Separate paper with a transmittal letteraddressed to
the Official Draftsperson.

2. Corrections other than Informalities Noted by Draftsperson on form PTO-
948, ;i

All changesto the drawings, otherthan informalities noted by theDraftsperson,.
' MUSTbemadein the same manneras above exceptthat, normally, ahighlighted

(preferably red ink) sketch of the changesto be incorporated into the new
drawings MUSTbe approvedby the examinerbefore the application will be
allowed. No changeswill.be permitted to bemade, other than correction of
informalities, unless the examiner has approved the proposed changes.

Timing of Corrections

_ Applicantis required to submit the drawing, corrections within the
‘ time period set in the attached Office communication. See 37 CFR.

1.85(a).

Failure to take corrective action within the set periodwill resultiin |
ABANDONMENT of the application. ©

06/01/01
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 UNITED STATES PATENT AND TRADEMARK OFFICE : woe
‘ . UNITEB,STATES*DEPARTMENT:EP. COMMERCEUnitedStates Patent and Trademark:Office

Address; COMMISSIONER OF PATENTS AND TRADEMARKS

Washington, D.C. 20231
 

‘NOTICE OF ALLOWANCEAND FEE(S) DUE | C.
7590 . 09/10/2002 .

Paul J Esatto Jr Co "EXAMINER
Scully Scott Murphy & Presser .° . , VU, HUNG K
400 Garden City Plaza ~

- - =

  

Garden City, NY 11530   

og asti ye 5er : . y ,

eos ao . a, : DATE MAILED: 09/10/2002 : a .

06/19/2000 13715 , 3425

   

     
FIRST NAMED INVENTOR”

- Masayoshi Tagami
  APPLICATION NO. sf’

09/596,415
aft!

TITLE OF INVENTION: MULTI-LAYERED' WIRING LAYERAND METHO, ‘OF FABRICATING THE SAME

APPLN. TYPE SMALL ENTITY ISSUE FEE PUBLICATION FEE TOTAL FEE) DUE DATE DUE
nonprovisional $1280 $1280 ° 12/10/2002 °°

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED ANDISALLOWED FOR ISSUANCE AS A:PATENT.
. PROSECUTION ON THE MERITS ISCLOSED, THIS NOTICE OF ALLOWANCEIS NOT A GRANT OF PATENT RIGHTS.

THIS APPLICATION IS SUBJECT TO WITHDRAWALFROMISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT.SEE 37 CFR 1.313 AND MPEP1308.

 

THE ISSUE FEE AND PUBLICATIONFEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATEOF THISNOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY
PERIOD BE EXTENDED.SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE REFLECTSA CREDIT
FOR ANY PREVIOUSLYPAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (OR AN EQUIVALENT)

MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NOFEEIS DUE OR THE APPLICATION WILL BE REGARDED ASABANDONED. 5
HOW TO REPLYTO THIS NOTICE:

- I. Review the SMALL ENTITYstatus shown above.

If the SMALL ENTITYis shown as YES,verify your current If the SMALL ENTITYis shown as NO:
SMALL ENTITYstatus: ; : ‘

A.If the status is the same, pay the TOTAL FEE(S) DUEshown A. Pay TOTAL FEE(S) DUEshown above,orabove. ~

B.If the status is changed, pay the PUBLICATIONFEE(if required)|B. If applicant claimed SMALL ENTITYstatus before,or is now :
and twice the amountof the ISSUE FEE shown above and notify the|claiming SMALL ENTITYstatus, check the box belowarid enclose
United States Patent and Trademark Office of the changein status, or|the PUBLICATION FEEand 1/2 the ISSUE FEEshownabove.

Q ‘Applicant claims SMALL ENTITYstatus.
See 37 CFR 1.27.

_IL PART B- FEE(S) TRANSMITTALshould be completed and returned to the United States Patent and Trademark Office (USPTO) with
your ISSUE fEE and PUBLICATIONFEE(if required). Even if the fee(s) have already been paid, Part B - Fee(s) Transmittal should be
completed andreturned.Ifyou 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.
II]. All communications regarding this application must give the applicationnumber, Please direct all communicationspriorttoissuance to
Box ISSUE FEEunless advised to the contrary. | :

IMPORTANTREMINDER:Utility patents issuing on applications filed on or after Dec.12, 1980 may require payment of
maintenancefees, It is patentee's responsibility to ensure timely payment of maintenance fees when due.
oo. . Page lof4.

. PTOL-85 (REV.04-02) Approved for use through 01/31/2004,
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A nets

PART B- FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Box ISSUE FEE
mo ; ‘Commissioner for Patents

Washington, D.C. 20231
. Fax (703)746-4000 , ;

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks | through 4 should be completed where
ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

al

indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" formaintenancefee notifications. : ; .
CURRENT CORRESPONDENCE ADDRESS (Note: Legioly mark-up with any comections or use Block 1) Note: A certificate of mailing can only be used for domestic mai ings of the

7590 09/10/2002 Fee(s) Transmittal. This certificate cannot be .used for any other
: . accompanying papers. Each additional paper, such as an assignment or

Paul J Esatto Jr formal drawing, must have its own certificate of mailing or transmission. _
Scully Scott Murphy & Presser . a Certificate of Mailing or Transmission
400 Garden City Plaza ‘ I hereby certify that this Fee(s) Transmittal is being deposited with the: . United States Postal Service with sufficientpostage forfirst class mail in anGarden City, NY 11530 envelope addressed to the Box Issue Fee address above, or being facsimile.

 
 

transmitted to the USPTO,onthe date indicated below.
 ) (Depositor’s name) 

 
 

(Signature)

{Date)

APPLICATION NO. FILING DATE . FIRST NAMED INVENTOR ATTORNEY DOCKET NO. |" CONFIRMATION NO.
09/596,415 06/19/2000 Masayoshi Tagami coe 13715 , 3425

TITLE OF INVENTION: MULTI-LAYERED WIRING LAYER AND METHOD OF FABRICATING THE SAME ‘

_ honprovisional NO $1280 $0 $1280 * : “12/10/2002

; __ EXAMINER . ART UNIT CLASS-SUBCLASS

. VU, HUNG K 2811 257-75 1000

  
 
  
 

 
  

 1. Change of correspondence addressor indication of "Fee Address” (37CFR 1463). : 2, For printing on the patent front page,list (1)
the names of up to 3 registered patent attorneys
or agents OR, alternatively, (2) the name’of a

O Changeofcorrespondence address (or Change of Correspondence single firm (having as a member a registeredAddress form PTO/SB/122)attached,
Q "Fee Address" indication (or "Fee Address"Indication f attorney or agent) and the names of up to 2 2‘ee Address" indication (or "Fee Address" Indication form :
PTO/SB/47; Rev 03-02 or morerecent) attached, Use of a Customer registered patent attorneys or agents. If no name 3
Numberis required. . : . is listed, no name will be printed. ; -

_ ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THEPATENT(printor type)3

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on thepatent. Inclusion of assignee data is only appropriate when an assignment has- been previously submitted to the USPTOoris being submitted under separate cover. Completion of this form is NOT a substitute for filing an assignment. ~
(A) NAME OF ASSIGNEE i (B) RESIDENCE:(CITY and STATE OR COUNTRY) .

Please check the appropriate assignee category or categories (will not be printed on the patent) Q individual Q corporation or other private group entity QO govemment
.4a, The following fee(s) are enclosed: 4b. Paymentof Fee(s):

‘DD Issue Fee QA check in the amountofthe fee(s) is enclosed.
Q Publication Fee (2 Paymentby credit card. Form PTO-2038 is attached. .

, - : 2 The Cominissioneris hereby authorizedby charge the required fee(s), or credit any overpayment, toAdvance Order-# of Copies ______ Deposit Account Number y Y (enclose an extra copy ( this form). y overpay .
Commissionerfor Patents is requested to apply the Issue Fee and Publication Fee(if any) or to re-apply any previously paid issue fee to the application identified above.

 
 
 
 

 
 
 

  

(Date) (Authorized Signature)

NOTE; The Issue Fee and Publication Fee (if required) will not be accepted from anyone
other than the applicant; a registered attorney or agent; or the assignee or other party ininterest as shown by the records of the United States Patent and TrademarkOffice. :

This collection of information is required by 37 CFR 1.311. The information is required to
obtain or retain a benefit by the public which is to file (and by the USPTO to process) an
application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is
estimated to take 12 minutes to complete, including gathering, preparing, and submitting the
completed application form to the USPTO. Time will vary depending upon the individualcase. Any comments on the amount of time you require to complete this form and/or
suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.Patent and Trademark Office, U.S. Department of Commerce, Washington, D.C. 20231. DO
NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO:
Commissioner for Patents, Washington, DC 20231. :

Under the Paperwork Reduction Act of 1995, no ersons are required to respond to a
collection of information unless it displays a valid OMB control number. ‘

: TRANSMIT THIS FORM WITH FEE(S) : /

PTOL-85 (REV. 04-02) Approvedfor use through 01/31/2004. OMB 0651-0033 _ U.S. Patent and Trademark Office; U.S, DEPARTMENT OFCOMMERCE
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UNITED STATES PaTrENT AND TRADEMARK OFFICE. UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER OF, PATENTS AND TRADEMARKSWashington, D.C. 20231 ‘www.uapto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR “ATTORNEY DOCKET NO. CONFIRMATION NO.

 
09/596,415 06/19/2000 ” Masayoshi Tagami 13715 “ 3425

7590 09/10/2002 . . - —

Paul JEsattoJr , i VU, HUNG K 0
Scully Scott Murphy & Presser : .
400 GardenCity Plaza a
Gatden City, NY 11530 2811

DATE MAILED:09/16/2002

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

Thepatent.term adjustment to date is 0 days. If the issue fee is paid on the date-that is three-monthsafter 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 ofthis notice, the term adjustmentwill be 0 days.

If a continued prosecution application (CPA) was. filed in the above-identified application, the filing date that
determinespatent term adjustmentis the filing date ofthe most recent CPA.| ,

Applicant will be able to obtain moredetailed information by accessing the Patent Application Information Retrieval
(PAIR) system. (http://pair.uspto.Bov)

Page 3 of 4

PTOL-85 (REV. 04-02) Approved for use through 01/31/2004.
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* UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address; COMMISSIONER OF PATENTS AND TRADEMARKS ...

Washington,.D.C. 20231 
www uspto.gov

APPLICATION NO. FILING DATE FIRST NAMEDINVENTOR ATTORNEY DOCKETNO.' CONFIRMATION NO.  
09/596,415 . 06/19/2000 . Masayoshi Tagami . : 13715 . 3425

7590 . 09/10/2002 a

Paul J Esatto Jr. . VU, HUNG K
Scully Scott Murphy & Presser : a ae ——
400 Garden City Plaza
Garden City, NY 11530 ; 7 2811
UNITED STATES

DATE MAILED: 09/10/2002

‘Notice of Possible Fee Increase on October1, 2002

Ifa reply toaa "Notice of Allowance and Fee(s) Due"is filed in the Office on or after October 1, 2002, then the
amount due maybehigher than that set forth in the "Notice of Allowance and Fee(s) Due"since there may be an increase
in fees effective on October 1, 2002. See Revision of Patent and Trademark Fees for Fiscal Year 2003: Notice of 7
Proposed Rulemaking, 67 Fed. Reg. 30634, 30636 (May 7, 2002). Although a change to the amount ofthe publication fee
is not currently proposed for October 2002, if theissue fee or publication fee is to be paid on or after October 1, 2002,
applicant.should check the USPTO website for thecurrent feesbefore submitting the payment. The USPTO Internet .
address for the fee scheduleis: http:/vww.uspto,gov/main/howtofees,btm,

 

If the issue fee paid iis the amount shown.on the "Notice of Allowance and Fee(s) Due," but not the correct amount
- in view of any fee increasé, a "Notice to Pay Balance of Issue Fee" will be mailed to applicant. In order to avoid

processing delays associated with mailing ofa "Notice to Pay Balance of Issue Fee," if the response to the Notice-of
Allowance and Fee(s) due form is to be filed on or after October 1, 2002 (or mailed with a certificate of mailing on. or |
after October 1, 2002), the issue fee paid should bethe 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 betweenthe issue fee amount atthe: time the
responseis filed andthe previously paidiissue fee should be paid. See Manual of Patent Examining Procedure, Section
1308.01 (Eighth Edition, August 2001). f

Questions relating to issue ‘and publication fee payments should be directed to the Customer Service Center
of the Office of Patent Publicationat (703) 305-8283.

Page 4 of 4

PTOL-85 (REV. 04-02) Approved for use through 01/31/2004,
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a whee:

TRANSMITTAL OF INFORMATIONDISCLOSURE STATEMENT

(Under 37 CER1.97(b) or 1.97(c)) a
rd ey.Adpli ation Of: Masayoshi Tagami, et al.

Filing Date , ' Examiner
June 19, 2000 H. Vu

Title: MULTI-LLAYERED WIRING LAYER AND METHODOF FABRICATING THE SAME

Addressto:

~ assistant Commissionerfor Patents
Washington, D.C. 20231

"37 CFR 1 97(b)i

Docket No.
13715

Group ArtUnit
2811

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 monthsof the date of entry of the national stage as set forth in 37 CFR 1.491 in an international |

application; before the mailing of a first Office Action on the merits, or before the mailing of a first Office
Action after thefiling of a requestffor continued examination under 37 CFR 1.114.

37 CFR 1.97(c)
2 & The Information Disclosure Statement submitted herewith is being filed after theperiod specified in 37’

CFR 1.97(b), provided that the ‘information Disclosure Statementis filed before the mailing dateof 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 oneof:

& the statement specified in-37 CFR 1.97(e);
OR

Cl the fee set forth in 37 CFR 1.17(p).
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TRANSMITTAL OF INFORMATION DISCLOSURE STATEMENT ~~ Docket No.
(Under 37 CFR 1.97(b) or 1.97(c)) , 13715

Masayoshi Tagami, et al.

*Seralab . Filing Date’. Examiner - 7 GroupArt Unit
oases June 19, 2000 H.Vu 2811

Title:“MULTI-LAYERED WIRING LAYER AND METHOD OF FABRICATING THE SAME
N

Addressto:

" Assistant Commissioner for Patents |
_ Washington,D.C. 20231

37 CFR 1.97(b)
1. ao 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 ofthe date of entry of the national stage as set forth in 37 CFR1:491in an international
application; before the mailing of a first Office Action on the merits, or before the mailing ofa first Office

Action. after the filing of a request for continued examination under 37CFR1.114.

37 CFR 1.97(c)

-2. & TheInformation Disclosure Statement submitted herewith is beingfiled after the period specified in 37
CFR 1.97(b), provided that the Information Disclosure Statementis 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 oneof:

the statementspecified in 37 CFR 1.97(e);

OR

L) the fee set forth in 37 CFR 1.17(p). 
PIOAIREVO2  “

Page 263 of 333



  
  

 

   

  

        

  

              

        
              

          
    

   
     

    

         
        

    

       

       

         
        
         
       
    

      

  

       

        
 

   

  
  

 

    
   

    
  

 

 

 

 

 

 

 

Page 264 of 333

 

} Sirrat F INFORMATION DISCLOSURE STATEMENT Docket No.
f.ai ‘nder 37 CFR 1.97(b) or 1.97(c)) WBNS |=<}=?

In Re,Application: SMasayoshi Tagami,etal.
Wr &

Serial No. Filing Date Examiner Group Art Unit

09/596,415 June 19, 2000 , H. Vu 2811

MULTI-LAYERED WIRING LAYER AND METHODOF FABRICATING THE SAME

Paymentof Fee

(Only complete if Applicant elects to pay the fee set forth in 37 CFR‘1.17(p))

QO Acheckin the amountof is attached.

The Assistant Commissioneris hereby authorized to charge and credit Deposit Account No. 19-1013/SSMP
as described below. A duplicate copyofthis sheetis enclosed.

() Charge the amountof

Credit any overpayment.

Charge any additional fee required.

Certificate of Transmission by Facsimile* Certificate of Mailing by First Clas

| certify that this document and authorization to charge deposit sertify that this document and fee js*being deposited
account is being facsimile transmitted to the United States|] ~ wi .S. Postal Service
Patent and Trademark Office (F 5 lurid C.F.R. 1.8 and is

(Date)

Signature   
Typed or Printed Name ofPerson Signing Certificate 

_* rhscertificatemay only be used if paying by

AnthonyN. 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

ce:
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. 09/596,415

(xey44 me &oN
sf ef | PATENT‘oy . € IN THE UNITED STATES PATENT AND TRADEMARK OFFICE oey, | ,tm Applicant(s): Masayoshi Tagami, et al. oo Examiner: H. Va’

‘Serial No.: —09/596,415 . ee Art Unit: 2811

Filed: June 19, 2000 , .. Docket: 13715

For: | MULTI-LAYERED WIRING Dated: September9, .2002
' LAYER AND METHOD OF ” Ss

i ce FABRICATING THE SAME

, Assistant Commissioner for Patents :
United States Patent and Trademark Office . a, ‘,
Washington, D.C. 20231

STATEMENT PURSUANT

TO 37 C.F.R.§1.97(c)(1. and e)(1

Sir: . oo Sg

| herebystate that ‘each item of information contained in this Information

Disclosure Statement wasfirst cited in any communication from a foreign patent=
office in a counterpart foreign application notmore than three monthspriorto the 
filing of this Information Disclosure Statement.

_ CERTIFICATE OF MAILING UNDER 37 C.FB §1.8(a)

 
G:\nec\1210\13715\amend\13715.statement *
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. sN, 09/596,415r6ayapt si\ 2 \ f Accordingly,it is respectfully requested that the accompanyingInformation“O
4“Or, mans<“Disclosure Statement be considered with respect to the above-identified

application.

Respectfully:submitted, =
I.Gioser ,

. Anthony 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

G:\nec\]210\13715\amend\1371 5 statement
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09/596,415(oPey
sep12 om 2 | :

og o PATENT.
, & , IN THE UNITED STATES PATENT AND TRADEMARK OFFICE | .a mapea™ | py sz'  Applicant(s): Masayoshi Tagami,etal. - Examiner: H, Vu © t

Art Unit: 2811 . Ont
‘Docket: tyns . ry.HJO NMEX

Serial No.: 09/596,415

June 19, 2000Filed: .

For: MULTI-LAYERED WIRING Dated: ‘September 8 2002 (03o- 0. L
LAYER AND METHODOF | fn xy
FABRICATING THE SAME . oe

| sca eR
Assistant Commissioner for Patents ms m a
United States Patent and Trademark Office : mn = ra
Washington, D.C.20231 : oSeT BS

S
oe]

INFORMATION DISCLOSURE STATEMENT
Sir

In accordance with 37 CFR. §§ 1.97 and 1.98, it is requested that the
following references, which are alsolisted. on the attached Form PTO-1449, be

“made of record in the above-identified case.

Japanese Laid-Open Patent Application No. 8-250596 dated September
27, 1996;

10/30/2002. SSURLES” 00000006151 . a ae% § 0135Upatese Laid-Open Patent Application No. 10-125627 dated May 5OL FLstAbO— -$80;00-CH 1998;

3. Japanese Laid-“Open Patent Application No. 11 61686 dated March9,
1999,

CERTIFICATE OFMAILING UNDER 37 CFR. §18(a) foo
I hereby certify that this correspondenceiis being deposited wath theUntied foo

l.

 Dated: September 9, 2002
 
 

 
 

5 EEKDAY]id justwent date: 035/35 /60%: Bab"* OB590415107 30/eQ08 SSUHLES | ‘oug0y yyoh For ia oo
7
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09/596,415

The references were 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’scommentsregarding

the references from the Official Action. The relevance of the referencesis
described in the Official Action. |

In compliance with the requirements.of 37 C.F.R. § 1.98(a)(3), as a concise

statementof relevance, asit is presently understood by the individual designated in
37 C.F.R. § 1.56(c) most knowledgeable about the contentof the information, the
undersigned submitsa translation ofportions of an official action by a foreign
examiner in which the references were cited. The relevanceto the pendingU.S.
patent applicationis 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 statementofthe foreign examiner or the claims of the foreign

application under the lawsofthat country or the United Statesrelative to the

subject matter claimed in the present application has been made; the present
understandingof the contents thereofby the undersigned being based on the
translation of the foreign examiner’s commentssubmitted herewith.

2 Gsnec\l210\13715\amend\13715.ids
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aweLearnt

09/596,415

Inasmuch as this Information Disclosure Statementis being submitted in 
« accordancewith the schedule set out in:37 C.F.R. § 1.97(b), a statementis

enclosed.

itsubmitted,Daley NBose
Anthony? Tesco ;
Registration No.: 45,784

SCULLY, SCOTT, MURPHY & PRESSER |
400 Garden City Plaza .
Garden City, NewYork 11530
(516) 742-4343/4366 Fax.

ANF:yd

3 © GAnec\1210\1371S\amend\13715.ids
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Docket Number (Optional) . Application Number
13715 09/596,415  

 INFORMATION DISCLOSUR« .. ‘ITATION Applicant(s)
(Use severalsheets ifnecessary) Masayoshi Tagami,et al. _

Filing Date Group Art Unit
June 19, 2000 2811

   

U.S. PATENT DOCUMENTS

DOCUMENT NUMBER|ome NAME SUBCLASS FILING DATEIF APPROPRIATE

aa
INITIAL |  

 CLINT THENLIEN
_
a
—
—
—
a
TT
—

a
_neo [

HLLi
CCC

rz

 FOREIGN PATENT DOCUMENTS

#250596 samefe
40-128627 sass [spa||||

+ —— |aaee
pa

OTHER DOCUMENTS (Including Author, Title, Date, PertinentPages, Etc.)

 A -2
—— 
 
  
 

 
 

EXAMINER DATE CONSIDERED i.HONE K_ VU ig joe
EXAMINER:Initialif citation considered, whetherornotcitation is in conformance with MPEPSection 609; Draw line throughcitation if not in conformance and
not considered. Include copyofthis fori with next communication t6 applicant. , , ‘ 
 
’ Form PTO-A820 POSAJREVO4 Patent and Trademark Office * U.S. DEPARTMENT OF COMMERCE

(also form PTO-1449) : :SHEET OF
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, ‘ Docket Number(Optional) / Application Number - f

2 . 13715INFORMATION DISCLOSURsCITATION * PApplicant(s) Ma
. 3 (Use several sheets ifnecessary) .|Masayoshi Tagami, etal.

‘ Filing Date mt Group Art Unit

June 19, 2000 . , 2811

 
_.* 09/596,415

 
*EXAMINER

INITIAL SUBCLASS FILING DATE: -

Fo oe

: a

a

|rTa

HI
DATE CONSIDERED 1.whalor

EXAMINER:Initialif citation considered, whether or notcitation 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.. : , ‘
  

Form PTO-A820 . os . . POSA/REVO4 Patent'and Trademark Office * U.S. DEPARTMENT OF COMMERCE

(also form PTO-1449) “SHEET OF
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*RETURN TO FMF- LOCATION7540

Application No. aaaSTs Prepared by —7 "
   
  
 

 
 

 
  
 

Examiner-GAUVv LA 2 x1 / - Date
No. of queries

JACKET

. Serial No. f. Foreign Priority k. Print Claim(s) p. PTO-1449
, Applicants) g. Disclaimer I. Print Fig. q. PTOL-8&b
. Continuing Data h. Microfiche Appendix m. Searched Column r.. Abstract

. PCT- i, Title n. PTO-270/328 ° Cores

. Domestic Priority j. Claims Allowed’ 0. PTO-892 . Other

SPECIFICATION :

. Page Missing

. Text Continuity

. Holes through Data
. Other Missing Text

_ illegible Text
. Duplicate Text

: Brief Description
. Sequence Listing

i. Appendix
j. Amendments.

. Other

CLAIMS

. Claim(s) Missing

. Improper Dependency

. Duplicate Numbers

. Incorrect Numbering

. Index Disagrees

| f. Punctuation

. Amendments

. Bracketing

i. Missing Text .

j. Duplicate Text

kk. Other

 
E-5(Rev. 10/15/02) *LOCATION 7540
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’

Unive States PaTENT AND TRADEMARK OFFIGE . UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office .Address; COMMISSIONER OF PATENTS AND TRADEMARKS

Washington, D.C. 20231 
www .uspto.gov

APPLICATION NO, FILING DATE \ ‘FIRST NAMED INVENTOR, -| ATTORNEY DOCKET NO. CONFIRMATION NO. 7).

09/596,415 ~ 06/19/2000 . ' Masayoshi Tagami a . - 13715 : “3425

23389 7590 11/20/2002.

SCULLY SCOTT MURPHY & PRESSER,PC
.400 GARDEN CITY PLAZA ‘ , ° —

GARDENCITY, NY :11530 _ ; _ VU, HUNG K a

281)

DATE MAILED:| 1/20/2002

Please find below and/orattached an Officé communication concerningthis application or proceeding.‘

(© (Rev. 07-01)
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on UNITED STATES DEPARTMENT OF COMMERCE-

  
 

ee SY .%|Patentand Trade=-k Office
+. ee 3 | Address: ASSISTANT COMMISSIONER FOR PATENTS fo” <a ¢ , , LOb ee Washington, D.C. 20231: / 
 

 

 

 
 . io :

APPLICATION NO./ FILING DATE | FIRST NAMED INVENTOR/ ‘| ATTORNEY DOCKETNO.
CONTROLNO. . - a PATENTIN REEXAMINATION ;

EXAMINER |

ARTUNIT ||PAPER
16

DATE MAILED:

Please find below and/orattached an Office communication concerningthis application or
proceeding.

Commissioner of Patents and Trademarks

The IDS filed 09/09/02 had been entered and considered by the examiner..

Yorn \weere

 

|" PTO-90C (Rev.3-98)
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. L

Paul J Esatto Jr
Scully Scott Murphy & Presser
400 Garden City Plaza
Garden City, NY 11530

PARP- FEED) TRANSMITTAL
Behis form, together with spplicable fee(s), to: Mail Box ISSVE FEE

; _* Commissioner for Patents |
Was pton,JD.C. 20231Fax _(703)7  

GTshoal Be completedwh
7 spene "FEE ADADDRESS”for

H wiemulec@)taictng 

 
  
 
 
 

Malling or Transmission
Certificate of

heeeeaedavtibp :adeased to talus Fe am pi

Seeee
PUNEANoon

Ssh

   

 
 

 

 
tarecripieonanosAaa Q?
AddressTor donsadres (or Change otCoreepondene
"Fes Adireat” indication (or "FeectriinemPTO/SB/47; Rev of mare recent) attached. Custome
Number is reqitfad. ) . .

 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THEPATENT (print or typo)

 
 

 

 

NEC. Corporation le
  

Please check the appropriate 4

4a. The following fees) are cacloeed:.
Biasue Fee

Q Publication Foe
& Advance Order - # ofCopies

 
 

 

(Authorized Signatate)

Paul J. Eeatto, ir
NOH ‘ Kee and

 

Bublcation Fee(irequy

PLEASENOTE:Yolow snusiencespdtlpoa data will appear onthe patent, Tuclusion of assignee data is only appropriate assignmentbeing maltedunderseparate cover. Complete aftapeaOT eecateio rcwien mn aadwrNAMEOFABSIGNEE (B)RESIDENCE:(CITY and STATEOR COUNTRY)
Tokyo, Japan

 
- 4s Papmaat ofFooty

3BAcheck in the amount of the fee(s) is enclosed.

Breenby erikcans. Form FTO-2038 is attached...
 

Comino foPooppltsleFoltnFo (Fayooap cay rovoaly pal iufhepionidabove
A

(ate) December 10, 2002.

Reg. No. 30,ald

  
han the willotass for other in |imtewet as howsareaRIDIEYorages,orteassent meyn) sersavene

his collection ¢ o i b . 1 mation is required ry FC21501me of file the USPTO to an. peibytepalewsBeye Pe dallectioe is 02 FC:8001applcaion. Conf12minutes to mplete ring, preparing, and .
completed application formform to the USPTO. Time will ‘upon thecommititts on the amount of you req to contpletethis form andlorPage onNOeentoeOs MrofCommerce, Wi onOTSS
NOT SEND"Fanson COMPLE FORMS TO SRDRES, '. Commissioner for Wi

Under the Reduction Act of 1995, no are to respond to aCiteiat ofsfodeotion mniees fk doplaye avaiOMScontrolmunrequired
, TRANSMIT THIS FORM WITH FEEG)

PTOL-85 (REV. 04-02) Approved for use through 01/31/2004. OMB 0651-0033

 

Page 275 of 333

p00ees! 09596415

Q individual 22 corporation or other private group entity. O government 

ngs therequfeitayoerpeyment, 
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Docket No. .

13715. :

Batch No. © Examiner Art Unit  
  

Serial No. Filing Date

 
  

 
09/596,415 June 19, 2000 | Hung K. VU 2811
 

 Invention:MULTI-LAYERED WIRING LAYER AND METHODOF FABRICATINGTHE SAME

  
  

 
 
 

Address to:
Assistant Commissionerfor Patents

Washington, D.C. 20231 —

Transmitted herewith are:

20 sheets of formal drawing(s)for this application.

 
 
 
 

  
  

 

) Each sheetof drawing indicates the identifying indicia suggested in 37 CFR Section 1.84(c).

Dated: December 10, 2002 — 

 Anthony N. Fresco”
Registration No.: 45,784

 SCULLY,SCOTT, MURPHY & PRESSER ‘
400 Garden City Plaza
Garden City, New York 11530
(516) 742-4343/4366 Fax.
ANF:yd
 
 

 
 

 
  
 
 

  

 Signature ofPerson MailingAV
. Mishelle Mustafa

Typed or Printed Nameof.PersonMailing Correspondence

O4 : 07 P23B/REVO1
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at theme

1-14-03; 4:33PM;SSMP Fax . 167424366 Bo oF a

a

400 GardenCity Plaza Jta
Garden City, New York 11530 - SCULLY, SCOTT, MURPHY
(516) 742-4343 -Telephone &PRESSER)
ea:mail: Intprop@ssmp.com , . tee ye . i 

To: US Patent & Trademark Office Fram: Linda HagemeyeriOffice Manager

Refund Section, Accounting Division.
 Office of Finance

Fax: 703-308-5077 Pages: 4

Docket 13715 | Date: January 14, 2003 oT

Re: Deposit Account No. 19-1013 Attn: Refund Section, Office of Finance 

x Urgent C) For Review O Please Comment © Please Reply ( Please Recycle,

Attachedis another Requestfor Refund.
Please.credit our account in the amount of $130.00 as soon as possible.

CONFIDENTIALITY: The documents accompanying this facsimile transmission may contain information which Is elther
confidential or legally privlleged andIs Intended only for the authorized use ofthe individual or entity named above withoutright or
publication or republication, dissemination or disclosure except as expressly set forth or established by course of deafing. All rights
are reserved. If you are notthe 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 error, please notify us immediately by telephone to
arrangefor retum of the documents.

if you have any problemsconcerningthis facsimile, please call (516) 742-4343 and ask for Linda.
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ae

ts 14-us: 4:33PM; SSMP FAX . : , : 16167424366 ok ae 4

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant(s): ‘Masayoshi Tagami

Serial No: Sas”)
Filing Date: Kune19, 2000 .
Docket No.: 13715

Attention: RefundSection, Accounting Division-
, Office of Finance

REQUEST FOR REFUND

Sir/Madam: .

Borthe reason set forth below, Applicant(s) representatives request that they be
refundéd $130.00 by-crediting this amount to Deposit Account No. 19-1013. This amountis the
official fee-foraPetition which was charged to Deposit Account No. 19-1013 on October 30,
2002, Seq. No. 6 (Copy of deposit accountattached).. 2

‘There wasnoPetitionfiled in this case, nor was one requested for any reason,
. therefore, it is respectfully requested that Deposit Account No. 19-1 013 be credited in the :

amount of $130.00.

death 3b
' Office Manager

 
Scully, Scott, Murphy & Presser oO
400 Garden City Plaza . \
Garden City, New York 11530
(516) 742-4343
Dated: January 14, 2003
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toe ~us; ¢:33PM:SSMP FAX . 3167424366 + B® g,

eposit Ac&ount Statement : https://rampsdev.uspto,gow/ram26/Controller;jsessionid=kirody Ixm2

 
: UNITED STATES

f PATENT AND
wae® LRADEMARK OFFICE

 

 
  

al i=Deposit Account Statement
beg «a stetomont Months |

Page Requested Statement Month: _ October 2002
en Deposit Account Number: 191013, . ——
pt Name: SCULLY, SCOTT, MURPHY & PRESSER-

Attention: . DEBORAH SHEEHAN

Address: A PROFESSIONAL CORPORATION
City: GARDENCITY
State: NY ‘

Zip: 11530-0299

ATTORNEY

DATE SEQ POSTING DOCKET Cope AMT. BAL

10/01 9 10285362 9204 $18.00 $17,302.88
10/01 203 09436164 - 13164 1801 $740.00 $16,562.88
10/01 204 09436164 13164 1251 $110.00 $16,452.88
10/03 115 09349352. 42801 1801 ° $740.00 $15,712.88

10/03 128 10261434 45896 2203 $22.00 $15,690.88

1007 7 09212004 =. 12119 | 1804 $740.00 $14,950.88 _
10/07 9 09853105 — 9204 $130.00 $15,080.88
10/07 16 09181384 44825: 1252 - $390.00 $15,470.88

10/08 1 09441333 13175. 1251 $110.00 $1,360.88
10/08 1 09947006 123642 «1814 $110.00 $15,250.88

10/08 2 09441333 13175 1201 $168.00 $15,082.88 .
10/09 1°09840207 -NLO00238 1201 $84.00 $14,998.88
10/09 2 09840207 NL000238 1202 = $54.00 $14,944.88 .
10/08 29 08931055 10861 1401 $320.00 $14,624.88 '

10/09 487 75809389 6004 $300.00 $14,324.88 |
10/10 77 09801356 10309 1201 $84.00 $14,240.88
10/10 177 PCT/US02/31732 14927 1707 $40.00 $14,200.88
10/10 179 PCT/US02/31732 14927 8006 $15.00 $14,185.88

10/10 482 75476510 2 6004 «= s«$150.00 $14,035.88
1010 516 75642058 . 6004 $150.00 $13,885.88
1010 837 75577131 . 6004 — $150.00 $13,735.88

10/11 2 09745967 14184 1806 $180.00 $13,555.88
10/11 150 78173150 6001 $325.00 $13,230.88

10/41 197 78173180 6001 $325.00 $12,905.88

1 of 3 ‘ . . 1/14/2003 4:34 PM..
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tows HE OSM SSMP FAX 167424366 fe as a

posit Aedount Statement : ._https://rampsdev.uspto.gov/ram26/Controller.jscssionid=kirodvixm2

10/25 274° PCT/US02/33855 15967 1707 $40.00 $29,680.88 5
10/25 276 PCT/US02/33855 15967 8006 $15.00 $29,665.88
10/25 585 78178372 7001 $325.00 $29,340.88
10/25 628 78178404 7001 $325.00 $29,015.88
10/28 1 09406662 - 13024 1253 $920.00 $28,095.88.
10/28 549 PCT/USO2/10275 | 18441 1705 $9.00 $28,086.88
10/30 3 29147933 oo . 2251 $55.00 $28,031.88
10/30 4 09736037 FRSHP003 
 
 $27,921.88 _

$27,701.88
 
 

 

 09506415 5130.

70/30 15 10163645 45602 1251 $110.00. $27,681.88 \

START - SUMOF -SUMOF END. -
BALANCE. CHARGES REPLENISH BALANCE
$17,284.88 $8,988.00 $19,385.00 $27,681.88

   Return to USPTO Home Page|Return to Office of Finance Home P:

 

. 3 of 3 : . 1/14/2003 4:34 PM
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SCULLY, SCOTT, MURPHY & PRESSER
LEOPOLD PRESSER _ A PROFESSIONAL CORPORATION ALLEN R. MORGANSTERN
KENNETHL. KING STEPHEN A, YOUNG
FRANK S. DIGIGLIO - ATTORNEYS AT LAW COUNSEL
PAUL J. ESATTO,JR. , 400 GARD . —_——
JOHN S. SENSNY' 00 EN CITY PLAZA JOHN F, SCULLY
MARK J. COHEN GARDEN CITY, NEW YORK 11530-0299 STEPHEN D. MURPHY —
RICHARD L. CATANIA . . "RETIRED .EDWARD W. GROLZ ——_ .
STEVEN FISCHMAN ANTHONY C, SCOTT (1931-1994)
PETER|. BERNSTEIN : WILLIAM E. MCNULTY (1927-1993).
WILLIAM C. ROCH . ee Se a fat ‘ - T : -
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