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VIA FIRST DUAL DAMASCENE PROCESS FOR COPPER METALLIZATION

Field of the Invention

This invention relates to Integrated circuit devices using copper for interconnecting
distrete circuit components as part of the back-end-of-the-line processing of semiconductive
silicon wafers, and particularly, to modifications in wafer processing needed to protect the
copper during chemical stching when the via is etched befors the trench in & dual
Damas(;ene process,

Background of the Invenijen

The demand for faster integrated circuits s driving the fechnologists to make the
solid stale companents on a chip smaller and fo increase the packing density. As a result of
this demand, the intercetmect metallurgy is shifting fram aluminum-based metals to copper,
wiich has a lower resistivity. The higher conductivity and lower cost of copper makss # very
desirable for interconnecting the circuit componants. Alse, copper has a better registance ta
electromigration failures than Al ar Al-Cu and therefore, better reliability.

Although copper has vary favorable electrical properties, It is prone to oxidation and
torrogion when it comes in contact with some commenly-used processing chamicals.
Therefore, i is critical that the processes used in conjunction with copper metallization be
frae from these environmants when the copper is exposed, that is, not cuvered, during
processing. Al and Al-Cu back-end-of-the-line metallizations are not prone to corrasion
because of the protective axide cavering the metal surfaces in these materials.

Copper is a very viable material as the back-end-of the-line metaf when the single or
dual Demasoene processes afe used. The Damascene process makes use of 2 series of
trenches formed In an insulating layer. After the tranches are overfilled with coppar, a
chemical mechanical polishing process (GMP} is used to remove the overfil. Trenches are
to be distinguished from vias. Trenches are sxtended grooves, typically extending parailet
ta the top surface of the silicon chip, that are pattemed to interconnect cirevits on the same
level of the back-end-of-the-line process whereas vias are holes, typically extending normal

to the surface, that are patfermed te connect the metal fings from layer ta layer.
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Present {echinology uses & 'trench first’ approach. Initialy, the ‘via first approach was
comprofmised because of the need for multiple layers of a relatively thick silicon nitride film.
The silicon nitride, which protected the cepper during processing had te, by necessity,
remain betind in many of the active areas. Thess silicon nitride layers, however, resulted In
a substantial increase in the dielectric properties of the stack and degraded the performance
of the circuit. If the silicon nitride films wers made thinner, they would degrade during the
via etch. Alsg, the via etch could etch into the oxide that defines the trench. Even small
changes in the line definilion can cause serious reliability problems when 0.25um grounc
rules are in place,

Since copper is known to ba very sensitive to ils environment, photoresists, which
typically centain sulfur, and exidizing ehemicals shouid not be permitted to come in contact
with the copper suifaces during processing. in this invention silicon nitride is uged both as a
protective layer for the copper and as an etch stop,

The 'trench first' approach however, also has its imitations. These limitations are
associated with the photolithographic processing of the wafer. The difficulties oocur when
the trench configurations lead to differences in phoforesist thicknesses, The thickness
varlations are seen in either broad trenches (wide lines) or very dense trenches (closely
spaced narrow lines) as required, for example, by DRAMS and cause printing distortions of
the via images.

The present inventien seeks to provide a protective layer of silicat: nitride over the
capper while using a novel approach for assuting that the silicon nitride is not damaged
during the simultaneous etching of the vias and trenches.

Summary of the Invention

This invention relates o the use of the preferred 'via first’ approach for forming vias
{openings, holes) and trenches (grooves) in a passivating layer by using the doubls
Camaseene process.

In @ sxemplary embaodiment, a confact metallurgy is deposited into a patterned

glass layer {e.g., boron phospho silicate glass (BPSG)] and the glass is planarized. A
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different insulating material, such as silicon oxide, Is then depasited anto the glass layer ard
patterned to ferm shallow via openings alighed with the contacts. The vias are filled with
copper and the surface is planarized wih a chem-mech polish. A thin sificon ritride layer is
deposited onty the planzarized insulator surface to act as & barrier layerfetch stop.

An S0 layer is deposited over the silicon nitride layer and patterned by a
conventional photolithographic technigua to form therein via holes aligned with the aarlier
vias.

In the present invention an unconventional use js advantageously made of an anti-
reflective coating materiat (ARC) which is spun onto the wafer, The coating of ARC fills the
vias and covers the rest of the surface with a thin ARC layer. With the ARC material in
place, photoresist is spun onto the wafer and patterned to form the treneh canfiguration,
The 807 layer, which contains the viag, is etched again to form the trenches. During the
trench stehing the ARG material is also etched but at a rate different from the Si0. Asa
resulf of this differantial etch rate, a plug of ARC material remains in the bottom of the vias
afier the trenah open process has been completed. This ARC plug protects the sificon
nitride from degrading which, in tum, protects the underying copper because the etchant
never comes inta contact with the copper.

To this end, ona faature of the inventian 1s the use of a silicon nitride film to protest
the copper during the etching of the insulating lavers. In particular this silicon nitride layer
should be thin so that the increase in the dislectric properties of the stack ks keptto a
minimum.

Another feature of the invention Is on the use of an anti-reflective coating (ARC) to
protect the silicon nikvids layer. Mormally, in the fabrication of semicenductive chips,
photoresist materials are Used as protective layers in addition ta praviding a
photolithograghic mediurm for component definition of the sifican, insulators and metals.

A related feature of the invention involves the stoting of the ARC |ayer so as to
insure that it is mot entirely removed from the vias, After tha etching of the vias and trenches

has been completed, the ARC coating is removed as part of the photoresist strip process.
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Viewed from a first process aspect, the present invantion is directed o a mathad for

forming over a semiconductive wafer, which cantains thersin and/or thereon devices having

condugtive contact regions, an interconnection paftern that uses sopper in at least some

vias and some frenches through insulating layers overlying a top surfaca of the
semiconductor wafer, The method comprises the steps of: forming a first insulating layer
over the davics; forming vias from 2 top surface of the first insulating layer therethrough with
the vias being in communication with the contact regions of the device; filling the vias with &
conductor; ferming a secend insulating {ayer over the first insulating layer: forming vias
through the secend insutating layer which ars in communication with the conductor filled vias
in the first insulating layer; filling the vias through the second insulating layer with copper;
forming a third insulating layer over a top surface of the second msulating layer; forming a
fourth insulating layer over a top surface of tha third insulating [ayar, the fourth insulating
layer having a different etch characteristic than the thivd insulating layer; patterning and
etching the fourth insulating layer o ferm vias therethreugh whish are separated from the
copper-filled vias fhrough the second insulating layer by the third insulating [syer but are
aligned with the vias through the second insulating layer; forming an anti-reflective layer
over a fop surface of the fourth insulating layer and filling the vias therethrough with anti-
reflactive material; patterning the anti-relective layer and material to define frenches in the
fourth insulating layer; removing the layer of anti-reflectiva layer and a portion of the fourth
insulating layer to form trenches in the fourth insulating laver which are in communication
with: top portions of the vias through the fourth insulating layes, and removing the anti-
reflective material in the vias through the fourth insulating layer and a portion of the third
insulating layer between the vias of the second and fourth insulating layers; filling the
trenches and vias in the fourth insulating layer and portions of the third insulating layer
which wers remeved with copper.

Viewed from 2 second process aspact, tha present invention is directed to a method
for forming over a semiconductive wafer an irtercennection pattern that = in insulating

layers overlying the semiconductive wafer and that includes copper lines in trenches

JP 2004-503089 A 2004.1.29
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exlending paraliel to a top surface of the wafer and copper fill in vias that extend vertically
thraugh insulating layers. The method comprises the steps of: forming over a top surface of
the semiconductive wafer a first insulating layer; forming trenches in a top surface of tha first
nsulating [ayer and forming vias, which are in communication with the trenches, from
hottoms of the {renchas through the first insulating layer such that same are in
communication with the contact regions of the device; overfilling the vias and frenches of the
first insulating layer wilth contact metal and planarizing to leave a first planar surface over
the semiconductive wafer, forming over the metal-filled first insulating Jayer a sacand
insulating layer; forming vias and trenches in the second insulating layer and overfilling the
vias and trenches with copper; forming a second planer surface on the copper-filled second
insulating layer; forming a silicon nitride layer over the planarized surface; depositing a third
insulating layer over the silicon nitride layer, said third insulating layer having a differant stch
rate thar the silicon nitride Isyer; patterning the third insulating layer to farm vias
therethraugh which are aligned with the underlying copper, the silicon nitride film acting as
an ateh stop; forming an anti-reflecting material layer over a top surface af the third
insulating layer wiich also fills the vias theretirough; depositing a layer of photoresist over
the antireflective layer and the vias filsd with the anti-reflective material; patterning the
phateresist and etching exposed portions of the anti-reflective layer and anti-reflective
tmaterial in the vias and poriions of the third insulating layer to form tranches in the third
insulating layer; remaoving the patterned photoresist, the anti-reflective material from the vias
and a portion of the silicon nitride layer between the second and third insulating layers to
result in esch tranch and the via there below in the third insutating layer being in
communication with one of the vias in the second insulating layer; and overfiling the vias
and trenchas in the third insulating layer and the openings in the silican ritride layer with
copger and planarizing the surface to leave second capper-fllsd vias and trenches in the
third insulating layer which extend through the openings In the silicon nitride layer and

contact copper in the vias in the second insulating layer.
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A better understanding of the invention togethar with a fuller appreciation of it
advantages wili be gainad from the following detaited description and ¢laims in conjunction
with the accompanying drawings.

Brief Desenption of the Brawings

Each of the FIGS. 1-6 shows a portion of a semiconductive wafer at suceessive
stages of processing in accordance with an exemplary embodimant of the invention te

pravide metal-filled vias and trenches as parts of the intercannection pattern of conductors
aof the integrated cireuit fonmed in the semiconductive wafar.

The drawings are not necessarily to scale.

Detailed Description

In this specificalion the hack-end-of-the-line processing for a dual Damascene
process reduices that both vias and frenches be atched into the silicon oxide or silica glass
insulating layzrs betwson different levels of the conductive interconnaction pattern. For the
‘via first’ approach i is hecessary that bath the vias and tranches are in place before the
copper is deposited. Itis advantageous to fill both during one depasition process to reduce
precess complexity. Siticon nitride film that s in place fo protect the first level of metal must
be remaved subsaquently so that there is a metal to metal contact batween the first lavel
copper lings and the ﬂl;st vias.

As has been discussed above, it has been the usual practice ta use a trerch first'
approach. The use of the 'via first' approach offers a number of advantages as long as the
copper remains protected during the processing se that its conductivity is not compromised,

FIG, 1 shows a portion of z silicon wafer 100 over which there has been formed an
insulating (dielectric) layer 10, typicafly of boron phospha sificate glass (BPSG). Wafer 100
is shown with an insulated gate fiald affsct transistor formad i and over a top surface 100a
thereof. The fisld effect transistor (device} compiises diffused regions 12a ang 12¢, the
drain and source regions, respectively, and a gate region 12b which is over a dislectric nate
layer 13 that liss on the top suiface 1003 of waler 100 and is centsred between the regions

T2a and 12c. Typically the dielsctric layer 13 and gate region 12h are first formed with the
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region 12b serving as & mask which allows for the regions 12a and 126 fo be seif aligned to
the gate ragion 12b. Conventional phatopracessing is done to patlern laver 10 followed by
sfch procasses to form vias {openings) through layer 10 1o expose the diffusion regions 12a
and 12¢ and the gate region 12, Typically trenches are etched into a tap surface 10a of
layer t0. The vfas and trenches in the layer 10 are then overfilled with matal 16a, 16b, and
18c, typically tungsten (W), and chem-mach polisied to achieve 2 planar surface 10a. An
insulating fayer 18, typically of 8i0s, is deposited over the planarized surface 10a,
Conventional photoresist and etching of the layer 18 provides vias and trenches which are
ovarfiled wilh copper 22a, 22b, and 22¢ to provide metal {o melal contact with the tungsten
18z, 16k, and 18¢, respectively. The first Damascene process is completed with & top
surface 18a of layer 18 being planarized with a chem-mech palish.

FIG. 2 shows the wafer 100 after an insulating layar 24, typicalty 50nm PECVD af
silicon nitride, has haen depasited onto surface 18a 1o act as ap etch barrierleay layer, and
an insulating layar 26, typically SiCs, has baen deposited over a top surface 24a of the
silicon nitride layer 24. Photoresist (not shown) is then spun anto the layer 26. After the
photorasist is patterned, the layer 26 Is reactively ion etched ta open vias 28g, 28b, and 28¢.
A post efch treatment, which is used fo remove the phatoresist and exposed portions of
layer 28, stops en the silicen nitride harrier layer 24. This praocess provides = high degree of
selectivity which gives a sharp end point with no reactive jon stch (RIE) lag and allows the
vias 28a, 28b, and 28¢ to be fully opered.

FIG. 3 shows the wafer 100 after a relatively thin anti-reflexive coating 30 has been
sbun onto the wafer 100 to cover the surfaces and to fill the vias 28a, 28b, and 28¢ in layer
26. It is important to insure that the vias 282, 28k, and 28c are filled so that no voids ars
prasent. In practice, cross sections of a proceased wafer show that the ARC material fills
the trenches 28a, 28D, and 28 to about thiee fourths of its height,

For example, tf;e ARC material, grade 11004, (s baked (first at 86 OC and then at
180 9C) and non-selectively RIE from the surface of the Si0; 26 with C4Fg + Og for 40
seconds. A layer of photaresist 32, typically DUV30 MCSHIISR 120/6250, ia then spun

JP 2004-503089 A 2004.1.29
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onio the wafer 100 and pafterned to result in apenings 31&, 31k, and 31c which expose
porfions of layer 30. Opening 31a, which is wider than via 28a, is located over and in
communication with via 28a. Gpening 31b, which is wider than via 28b, is Iocated over and
in communization with via 28b. Cpening 3 1c, which is wider than via 28¢, is located over
and in sommupication with via 28¢.

A low salective reactive ion etch, with a typical duration of 48 seconds, uses a
eambination of G4Fg, Ar, and Og, is used to etch the exposed portions of ARC layer 30 o
expose portione of layer 26 which are then also etehed. This results in the farmation of
trenches 36a, 36b, and 36¢ which are in communication with vias 28a, 28b, and 28c,
respectively. FIG. 4 shows that ARC plugs 30a, 30b, and 30¢ remaining In the bettem of the
vias 28a, 28, and 28c, respectively, after this etch. This is because the ARC material is
removed at a slower rate than the SiQyp of layer 26. This prevents the §i0z etching ambient
from touching the silicon nitricks [ayer 24, FIG. 4 also shows that oxida layer 28 has been
etchaed to intagrate the trenchas 383, 36b, and 366 with the vias 28a, 286, and 28,
respectively,

The etching of the oxide layar 26, when the ARC material 30 is in the vias, is
achieved without the farmation of 'fences’ by tailoring the etch process to be compatible with
the etching of both the SiDz end the ARC material instead of just the 5iQ5. Fences are
farmad when the stchant removes materfal from the via at different rates depanding on the
mateilal location. Far example, i is possible to fing a different etch rate for the ARG
material in the center of the via when compared with the ARC material at the ARG/oxide
interface.

A pest etch treatment for 20-40 seconds remaves the remaining ARC material 30a,
30k, and 30c from the vias 28a, 28b, and 28b, respactively. The silicon nitride layer 24 is
then salectively etched away using GHF g + O for about 35 seconds. [t is to be noted that
all of the trenches, although wider than the vias in which they are in cormmunication, do not

have to extend over mare than one side of a via.
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After the normal cleaning steps have been completed the structure of FIG. 4 is ready
for metal fill with copper.

FIG. & shows the wafer 100 after the vialtrench openings 28a/38a, 28h/36b have
been ovarfilled with electroplated copper 40.

FIG. & shows fha wafer 100 after & resulting top surface 42 has been planarized
using a chem-mech polish to remove the excess copper leaving conductors 40a, 40k, and
40¢. FIG. 6 alse llustrates the result of the completed dual Damascene process far this
level of metalkzation

Itis to be understood that the specific embodiment described is marsly flustrative of
the general principles of the invention and various other embodiments may be deviasd
without departing from the basic teaching by a worker in the arf. For sxample, the insulating
layers can be ofher than silicon dioxide and the matal contacting the device of the
semiconductive body could b aluminum. Further, in some applications some or all of the
trenches need not be used with the vias extending completely through an insulating layer.
Furthermore, the novel process of the present invention can be impletnentad starting at the
trench portions of the first level of condustors with the metal 16a, 185, ard 16¢ baing

tungsten in the vias snFi being cooper in the frenches.
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What is claimed is:

1. A method for forming over a semiconductive wafer, which sontains therein
and/or therson devices having conductive contact regions, an infsrconnection pattern that
uses copper in at least some vias and sume frerches through insulating layers overlying a
top surface of the semicanductor wafer, the meathad comprising the steps of:

forming a first insulating laver over the device;

forming vias from a 1op surfaca of the first insulating layer therethrough with
the vias being in communfcation with the contact regions of the device,

filling the vias with a canductar;

forming a second insulating layer over the first insulating iayer;

farming vias through the second insulating layer which are in communication
with the conductor filled vias in the first insulating layer;

filing the vias through the second insulating layer with copper;

forming a third msulating layer over a top surface of the second Insulating
layer;

forming a fourth insulating [ayer over a top surface of the thirg irsulating
iayer, the fourth insulating layer having 2 different etch characteristic than the third insulating
iayer,

patterning and etching the fourth insulating iayer to form vias therethrough
which are separated from the copper-filled vias through the secend insulating layer by the
third insulating laysr but are aligned with the vias threugh the second insulating layer;

forming an anti-reflective layer aver & top surface of the fourth insulating layar
antd filling the vias tharethrough with antj-reflective material;

patterning tha anti-refective laver and material to define frenches in the fourth
insulating laysr;

removing the layer of anti-reflective layer and & portion of the fourth insulating
layer to fomm trenches in the fourth insutating layer which are in communication with tap

partions of the vias through the fourth insulating layer, and removing the anti-reflective
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material in the vias through the feurth insulaiing layer and a portien of the third insulating
layer between the vias of the second and fourth insulating lavers;

filing the trenches and vias in the fourth insulating layer and portions of the
third insulating layer which were remaved with coppet.

2. The process of claim 1 in which the vias and trenches of the fourth inaulating
layer are overfillad with copper and chemical meshanical pelishing I8 used to planarize the
resylfing structura,

3. The methed of claim 1 wherein the first insulating layer is BPSG, the second

and fourth insulating layers are silicon oxide, and the third insulating layer is silicon nitride.

4. The method of clainy 1 wherein the condustor Is tungsten.
3, The methed of claim 1 wherein the conductor is aluminum.
8. The methed of claim 1 furiher comprising the steps of:

forming trenches a top surfaces of the firat insulating layer which are sach in
communication with a separate via through the first inswlating layer and which ars each filled
with the condugior;
over filling the vias and trenches of the first insulating layer with the conductor
and planarizing same using chemical mechanical polishing;
forming trenches in a top surface of the second insulating layer which are
each in communicatinn with a separate via of tha second Insulating layer and which are
each filed with eopper; and
ovar filling the vias and trenches of the second insulating layer with copper
and planarizing same using chemical mechanical polishing.
7. The method of claim 7 wharein the anti-reflective layer and the anti-refiective
msterial have a different etch rate than the third insulating laver.
&. The method of elaim 12 whersin the anti-reflective layer and the anti-
reflective material are both DUV3D.
Q. The method of dlaim 7 in which the silicon nitride layer is deposited by

PECVD.
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1. A methad for forming over a semiconductive wafer an interconnestion pattern
that is in insulating layers overlying the semiconductive wafer and that includes copper lines
in trenches extending parallel te a top surface of the wafer and copper fill in vias that extend
vertically through instlating layers, said method comprising the steps of:

forming aver a top surface of the semiconductive wafer a first isulating layer;

forming frenches in a top surface of the first Insulating tayer and forming vias,
which are in communication with the frenchas, from bottoms of the trenches through the first
insulsting layer such that same are in communication with the contact regions of the device;

ovetfiling ihe vias and frenches of the first insulating layer with contact matat
and planarizing to leave a first planar surface over the semiconductive wafer;

forming aver the metal-filed first insulating layer a second insulating layer;

forming vias and tranches in the secand insulating layer and overfilling the
vias and trenches with copper;

forming a second planar surface on the copper-filled second insulating layer;

forming a silicon nitride layer over the planarized suface;

dapositing a third insulating layer over the silicen nitride layer, said third
insulating layer having a different etch rate than the silicon nitride fayer;

patterning the third insulating layer to form vias therathrough which are
aligned with the underlying copper, the silicon nifride film acting as an etch stop,

forming an anti-reflecting material layer over a top surface of the third
insulating layer which also fills the vias therethrough;

depositing a layer of photeresist over the anti-refiective layer anct the vias
filled with the anti-reflective material;

patierning the photoresist and etching exposed portions of the anti-reflective
fayer and anti-reflactive matarlal in the vias and portizns of the third insulating layer to form
trenches in the third Insutating layer;

removing the patterned photoresist, the anti-reflective material from the vias

and a portion of the silicon nitride layer between the second and third insulating layers to
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result in each french and the via there below in the third insulating layer teing in
communication with ane of the vias in the second insulating layer; and
overfiling the vias and trenchas in the third insulating layer and the cpenings

In the sitisan nitride layer with copper and planarizing the surface to leave second copper-
fillad vias and trenches in the third insulating layer which extend through the openings in the
silicon nitride layer and contact copper in the vias in the second insulaiing layer.

il The process of claim 10 in which the first insulating layer is BPSG, and the
second and third insulating layers are of silicon oxide.

12, The process of claim 10 in which chemical mechanical polishing is used to
planarize surfaces of the insulating layers after same are overfillad with metal.

13, The methed of claim 10 whersin the contact metal is tungsten.

14.  The method of claim 10 wherein the contact metal is aluminum.

16, The methed of claim 10 wherein tha anti-reflective layer and the anti-
refleclive material have a different eteh rate than the third insulating kayer.

16 The method of claim 15 whersin the anti-reflective layer and the anti-
reflective material are both DUV30.

17, The method of claim 10 in which ths silicon nitide layer is depasited by
PECVD.

JP 2004-503089 A 2004.1.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WA (2103457

1/6

13

12b

FIG. 1

(25)

PCTAISNII21161

JP 2004-503089 A 2004.1.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WA (2103457

2/6

28¢

-

3

12b

FIG.

(26)

PCTAISNII21161

JP 2004-503089 A 2004.1.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

27)

WA (2103457 PCTAISNI/2116]

3/6

JP 2004-503089 A 2004.1.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(28)

WA (2103457 PCTAISNI/2116]

4/6

36k

36
\3131303 31b 3067 31c70c

13 12p

FIG. 4

JP 2004-503089 A 2004.1.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(29) JP 2004-503089 A 2004.1.29

WA (2103457 PCTAISNI/2116]

5/6

22b

16a
16b

12a

FIG. 5



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(30)

WA (2103457 PCTAISNI/2116]

6/6

40a 40b 40c 42

13 12p

FIG. 6

JP 2004-503089 A 2004.1.29



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

(31) JP 2004-503089 A 2004.1.29

uboobooboboobdooboooboooboaoadao

(12} INTERNATIONAL AFPLICATION PUBLISIIEDR UNDER THE PATENT COOPERATION TREATY (PC1)

{19) Warld Intelleclogl Pruperiy Organization
International Bureau

(AN 0 0 R0 R e

isnal Publication Date (L) [nfernationz] Publication Number

(43) Intern
HhJunuary 2002 {TILN1.2002) PCT WO 02/03457 A3
(511 Tntecuatianal Patene Classificat 1011, 247768 Nemlssheimer Stasse 46, ALGS ircslea (MEL BOT-
LOVAY, Waren, Lynue; 26 Brssho; Prive, Poughie:-
21y International Appiication Kumders  PCTIUS012116) sie. NY 12005 1US)
4] 4 BRADEN. Stantan. U, &2 3 Corpors
(22) International Filking Dute: 2 July 2000 0207.200% 0 o s IO

nicllectial Propeny Depr., 186 Word Avenne Sooth.

[selin, 15T 08820 {US).

{Z5) Filing Language: Tinglish
(R3] Designaned States tratonad): JB KR,
{261 Publication Lanpuzge: Tnulish
(4] Designated States tregionalt, Favapent patent (AT, B,
C1LCY. DE, DK, ES, F1, FR. OB, GR, L T LU, ME,

(30) Priority Datg: AL BT SE, T

LSO 40 300 D 20006 (30.06.20000 - 1S

Published:
(71 Applicams: ESFINEON TECHNOLOGIES NORUH ik Goupessationnad sisar e regport

AMERICA CORPE. [U5A°8): 1730 Nonhk First Stecei.

Sun Jose, £A 93112 AR (US). INTERNATIONAL  (agy [iaec of poblication of the international search repert:
BUSINESS MAUHINES CCRPURATION (USUS) & bune 3007
Mew Orchird Roadl. Armvak. SY 16504 (15).

For nea-feiter rades and sther abbroviations, refer to the "Gind-
Dwventovs: BIRANE, Gobeicla: 11 Chemen e [n Vosie,  auoe Nowes on Codes spad Abbreelarions™ afpearing uf the tegin-
F-316030 Marlles-en=h i FIG. SCHROEDER, Vwe, Paul:  aing ot each reguiar issae of the POT osethe.

LNiAy

(54} Title: VIA FIRST DUAL BAMASCENE PROCESS FOR COPPER METALLIZATION

13z

{57) Abstract: An intevconnection rauern is fonned aver the surt af & silicum wafer i which bagh the vias and the renches nf
the patcr arc filled with copper. The process of iBine thz vias and enclies ivalves use of @ silivon vitride Bl (24) us an clch
steqr ok the filling of the vias with on adi-reMeaion coating 130),

WO 02/03457 A3




[ e T e T e B |
L e T e T e T e B e Y R e T s T e T e T e T e T s T e T s T s Y s Y e T s R e T e T e B et

(32) JP 2004-503089 A 2004.1.29

gbooogbodaoan

i ERMATIONAL SEARCH REPORT "
nte danal Appiicstian i
IT’CT/US 01/21161

A._CLASSIFICATION OF SUBJECT MATTER
IPC 7 HO1LZL/768

ACCEIEANG 10 International Patanl Glasshcalian {IPC) or to both naional classdicalion and G
B. FIELDS SEARGHAD

Mmimum seardhed
IPC 7 HOIL

“system billpveedt Sympoisy

0 Than i pemam It suddh g 15w mchuged o Be 12195 reArchad

Ee ctrors rlala ass rorsultad Guring i mtemalienal s0arch (nAMA of dala Dags and. Whor praclit, susich (ermes userd)

EPB-Internal, PAJ, WPT Data

€. [XYGUMENTS CONSIDERED 7O BE RELEVANT

Categony * | Citaten of docwnent, Wi RGalon, where <ppropnale, o The rCRVART DERSe Ficlevar o claim No
A WO 00 14793 A [ARPLIED MATERTALS INC) 1,2,7,9,
16 Warch 2000 (2000-03-16) 14,12,
15,17
page 12 -page 14; figures 5-10
A PATENT ABSTRACTS OF JAPAN 1,2,7,9,
¥yol. 2000, no. U8, 10,12,
6 October 2000 (2000-10-063 15,17

& JP 2000 150644 A (MITSUBISHI ELECTRIC
CORP), 30 May 2000 (2000-DS-30)

abstract

P.A -§& US 6 251 774 B1 (MITSOBISHL DENKE 1,2,7.9,
KABUSHIKI KAISHA) 16,12,
26 June 2001 {2001-06-26) 15,17

figure 2; example 2

m Futthes srements ar0 iz die caninuation of bes C. E Patent 1amity merntiers are (e In #nnsx
* &peeal e s of S opeumenS
P e T Tt s puk oo e gt cnal teng oot
- . it Gy ke aned nol i costhel weh he apphcallen
A dueument Batinng he genonl slae ofine a1 wheh & not B 101
e s AT Unersa e rscet r 1 €ory Unicing e
YE* ahr GocumsiT b1 publishiad on o altet e mdemANnAL 1y ot prhalar rekeungs, (he EIAITE VeI
il dala cann1 b8 conansrad novel of caANGs e conskised Lo
"L domen ks e Tt ks on pronds clica o el am Invearm slag when [he decumant | taxen dlone:
“ich, 18 e o usiabikh the pibicii geie of Snoimer ¥ e o1 ; .
1t 61 pAB L relewanee: fhe ctasmad Invanlion
A3t o otk specsal 10350 (a% ACTEds “camiol be winslnered o involve w0 vente 510D when tla
& doeument rclerng 1o mn Ofal ASCIRUIC. e, ez 6f \ncument % el vath D oF MARE OIRG! SUEN docl -
enner moanms marus, such COMGINANON Being okvmils 16 § Hirson ek
B gooumeni publis hed prist 10 1ha IMamawnal filnn dafe tu w fhe arl.
‘ates fhean Hie pronly JATR cLAITRKE “£* loonenen ionEor of the sams pawal lamity

[iate €1 I Bectil SO ITEon of Ilur Gitenuslional sarh Craie o puvimay, of e sioinAed Al sagreh repor

14 March 2002 21/03/2002
Fiame ant maing Hudruss of the 154 ‘Autherlzes aifioer
Chropuen Patool Ol .15 SU14 Palenlluan 2
U
Tel +31 701 JAD-HHO. 5.3 651 epe M, N
2 Fak [931-76) 390 5076 Szarowski, A

Fuc MITASNTIE e ne shest! Lhuy HHTH

page 1 of 2



I 'BNATIONAL SEARGH REPORT

(33)

PCT/US 01/21161

Itz donal Agplicatian No

C.Continuation] DOCUMENTS CONSIDERED TOBE RELEVANT

Calegary © | GRabon o (kuument, whh mdicalon siiats Appropiidre, of e reievant passsgus

Palavant 15 caim Mo.

P,A

PATENT ABSTRACTS OF JAPAN

yol. 2000, no. 05,

14 September 2000 {2000-09-14)

& JF 2000 049127 A {MOTORGLA INC),
19 February 2000 (2000-02-18)
abstract

-% US 5 1#7 258 A [MOTDROLA INC)
3 Octaber 2000 (2009-10-03}

the whole document

EP 0 892 428 A (SMARP KK ;SHARP MICROELECT
TECH INC {US))

20 January 1993 (1999-01-20]

the whale document

US & 057 239 A (KAI JAMES K ET AL)
2 May 2000 {2000-05-02}

the whole document

W0 00 05763 A (APPLIED MATERIALS INC)
3 February 2000 {2000-02-03)

page 8 -page 10; figures 4A-46

WO 01 01480 A (HUSSEIN MAKAREM A ;RECCHIA
CHARLES H (US); SIVAKUMAR SAM (US); INT)
4 January 2001 (2001-01-04)

the whole document

1-4,10,
11,13

1-4,10,

11,13

1,2,4-6,
10,12-14

S POTAGKIL fomil v 20 € A2HY sty 10

page 2 of 2

JP 2004-503089 A 2004.1.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

I SRNATIHONAL SEARCH REPORT r—

Informasion on patent family menthers

It

34)

«lonal Applicaticr Ka

PCT/US DI/21161

Parerl document PFublication Palent famiy | Publcation

cited i 550N reooi gk memberis) cale

WO 0014793 A 16-03-2000 U5 2001008226 AL 19-07-2001
Wo 0014793 AZ 16-03-2000

JF 2000160644 A 30-05-2000 US 6251774 BY 26-06-2001

JF 200P049137 A 18-02-2000  US 6127258 A 03-10-2000
JP 3195203 B2 06-08-2001

EP QB92428 A 20-01-3999  US 5204565 A 18-05-1999
13 0892428 A2 20-01-1999
Je 11087509 A 30-03-1999
TH 382798 B £1-02-2000
us 6023102 A 08-0112-2000

us 6057239 A 062-05-2000 U5 2001046778 Al 29-11-2001

WG 0005763 A 03-02-2000  US 6245662 Bl 12-06-2001
EP 1101247 Al 23-05-2001
Wo 00405763 Al 03-02-2000

WO Q101480 A 04-g1-2001 AU 5730800 A 31-01-2001
Wo ©101480 AL 04-91-200%

Ezarm PLTASARIZ 1ntont lomry 300K) o T2t

JP 2004-503089 A 2004.1.29



(35) JP 2004-503089 A 2004.1.29

goboogoooon

(74000 100113701
ooooooooo
(74000 100116241
ooooooooon
(72000 000000000
00000000000000000000000000000000000000
(7000 00000000000000
000000000000000000000000000000000000000
(7000 000000000000
0000000000000000000000000000000000000000000
0000 (0O) 5F033 HHO8 HHIL HHI9 JJO1 JJ08 JJ11 JJ19 KKOL KKOS KK1l
oooo 0o KK19 MMO2 PP27 QQO4 QQ09 QQ13 QQ25 QQ37 QQ47 QQ96
oooo 0o RRO4 RRO6 RR15 SS15 XXO1



	bibliographic-data
	abstract
	claims
	description
	international-document-image-group
	search-report
	overflow

