PROCESG FOR PQOLI SHI NG A SEM CONDUCTOR DEVI CE SUBSTRATE
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bei ng polished, sim I ar 15 techm gues are used “For exanpl e, a polishing
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pol i shing pad. ile the pl g [ ed, a slurry is

di spensed while a sem condu igld of Jgve |?’hed agai nst the pad. A

combi nati on of the chem cal reaction between the slurry and the |ayer

being 20 polished and the nechanical interaction between abrasives within
5 The present invention relates generally to processes for

polishing, and more particularly, to processes for polishing
semiconductor device substrates.

Background of the Invention
10

Chemical mec_:hanical polishing (CMP) is presently used to
polish a variety of materials found in semiconductor devices.
Those materials include metals, such as tungsten, aluminum, and
copper. Regardless of the type of material being polished, similar

15 techniques are used. For example, a polishing system typically
includes a polishing platen, on which is attached a polishing pad.
While the platen is being rotated, ‘a slurry is dispensed while a
semiconductor wafer is pressed against the pad. A combination of
the chemical reaction between the slurry and the layer being

20 polished and the mechanical interaction between abrasives within
the slurry and the layer being polished cause the planarization of
the layer.

One factor that affects the characteristics of a polishihg
process is the type. of polishing pad used. FIG. 1 illustrates a pad

25 10 containing a plurality of fibers 12 interspersed within a
polyurethane matrix. In commercially available pads, fibers 12
include polyester or cellulose. One such commercially available
polishing pad is the Suba 500 pad sold by Rodel, Inc. of Wilmington,
Delaware, which has polyester fibers. FIG. 2 illustrates a



the slyrry and the | ayer being polished cause the planarization of t he

Iaxgr.. One factor that affects the characteristics of a

pol’i shi ng process is the type of polishing pad used. FIG 1
illustrates a pad 25 10 containing a plurality of fibers 12 interspersed
withina pol yurethane matrix. In cenercially avail able pads, fibers
12 I ncl ude pol yester or cellul ose. One such comercially avail abl e
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Pol i shi ng pads, such lustrated in FIGs. 1 and 2, do not
provi de i dgal jingeitedoirs FIG. 2dki the N1G-1000 dpadi alsbamamufaciured and sioldi ng
t he- sane polishing operation. For exanple, when polishing a 10 conductive

Laygr t hat oghleedehnhmuide | ayer, the conductive material is likely
0 be renove aster around the perineter of .th .
Polishing paJ]s, é)uch as ﬁwose |Iius?rated in FIGs. 1 and 2, do

not provide ideal conditions for polishing two dissimilar materials
during the same polishing operation. For example, when polishing a

10 conductive layer that overlies an oxide layer, the conductive-
material is likely to be removed faster around the perimeter of the
wafer compared to the center. Consequently, the polishing pad is
exposed to an oxide layer and a conductive Ié))er simultaneously.
One problem is that a phenomenon known as glazing occurs and

15 causes the pad surface to become smooth. To combat the problem
of glaiing, conditioning is performed using a diamond disk, for
example. Conditiohing is a process whereby the polishing pad is
restored to close to its original porosity and texture by grinding
away a very' thin layer off the surface of the polishing pad. A

20 diamond disk is used to accomplish this removal due to its
hardness.

The hard conditioning disks impose a problem, particularly
used in conjunction with polishing conductive materials.
Commercially available diamond disks include diamond particles

25 that are held in place on a disk by a plated metal, such as nickel. " If
conditioning occurs while a conductive Iayer is being polished, the
slurry, which is used to remove the .conductive layer, typically
attacks the plating metal used to hold the diamonds on the

conditioning disk. Consequently, over time the diamond particles



waf er gonpared to the center. Consequently, the polishing pad is

erosed to an oxide |layer and a conductive |ayer sinultaneously. One
problemis that a phenonenon known as gl azing occurs and 15 causes the pad
surface to becone snooth. To conbat the problem of gl azi ng,
conditioning is perfornmed using a di anond3drsk, for exanpl e.
C?nditioning IS a process whereby the polishing pad is restored to
close to its original porosity and texture b rindin way a very thin
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conductive layer is being polished, the slurry, which is used to
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to hold the dianonds on the  conditioning disk. Consequently, over tine
t he di anond paret ialsesproblems in polishing two different conductive materials on
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deposited on a titanium/titanium nitride layer, the poli-shing
properties of tungsten and thé titanium materials differ greatly.

10-, Titanium and titanium nitride are relatively difficult materials to
polish using a process optimized for tungsten polishing. Slurry
formulations that successfully polish titanium and titanium
nitride do not polish tungsten as fast as other slurries. Yet, these
other slurries are inefficient in removing the titanium or titanium

15 nitride. In most cases, optimizing the polishing conditions for one
material, for example tungsten, leads to a degradation of the
polishing characteristics of the other materials, such as titanium
or titanium nitride.

According, there is a need in the industry to establish a

20 polishing process that effectively can polish two dissimilar
materials in a cost effective manner that is conducive to a
manufacturing environment.



probl ens. Apart fromthe problens of polishing conductive and non-

5 conductive (oxide) materials during a sane polishing step, there are
al so problens in polishing two different conductive materials in the
same step. For exanple, when polishing tungsten that is deposited on a
titaniumtitaniumnitride |ayer, the pol rshing properties of tungsten

and the titaniummaterials differ greatly. 10 Titanium and titanium

- nitride are relatively diffigul terials t ol i.sh_using a process
optimized for tungsten poli iﬂﬁéﬁ%&%&@ﬂuﬂl@&mﬁm that successfully

polish titaniumand titanium nitride do not polish tungsten as fast as

o';]her slurries. Yet, these other slurries are inefficient in renoving
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such as titanium or titaniumnitride. . According, there is a
need i In t heé i neferengesoindicate isimilar2elements;i agdpirnebichthat ef fecti vel y
can polish two dissimlar, materjals in a gost effective nner that is
conducive to a  Fl@anlifinsludes:@ne illustatian of a cross-sectional view of 4

"4 prior art polishing pad;

FIG. 2 includes an illustration of a cross-sectional view of
another prior art polishing pad;
10 FIG. 3 includes an illustration of a top view of polisher used
in accordance with one embodiment of the present invention;
FIG. 4 includes an illustration of a cross-sectional view of
polishing pad used in accordance with the present inveﬁﬁon; |
FIG. 5 includes an illustration of a view from the bottom of a
15 conditioning disc used in accordance with one-embodiment of the
present invention; .
FIG. 6 includes an illustration of a cross-sectional view of
the conditioning disc of FIG. 5;
FIGs. 7-10 include illustrations of cross-sectional views of
20 a semiconductor device being polished in accordance with one
embodiment of the present invention;
FIG. 11 includes a plot illustrating tungsten removal rate;
and
FIG. 12 includes a plot illustrating titanium removal rate.
25 Skilled artisans appreciate that elements in the figures are
illustrated for simplicity and clarity and have not necessarily been
drawn to scale. For example, the dimensions of some of the

elements in the figures are exaggerated relative to other elements



"Brief Description of the Draw ngs The present invention is
illustrated by way of exanple and not limtation in the acconpanying
figures, in which like 5 references indicate simlar elenents, and in

whi ch: FIG 1 includes an illustration of a cross-sectional view
of a prior art polishing pad; -5 -FIG 2 includes an illustration
of a cross-sectional view of anot her prior art polishing pad; 10

FIG 3 includes an illustration of a top view of polisher used in

accor dance witohhelpe tenisoprouerunsierstandingsefiiembodisneni(s) of the present 4

I ncludes an il lustration of a cross-sectional view of pol i shi ng pad
used in accorlB¥ROAIGNth the present invention; FIG 5 includes an

illustration of a viewfromthe b af i Hditioning disc used in
accordance wi th one -enbodi nent o%ﬁ-ﬁu}%&é@%ﬁii nventi on;

FIG 6 includes an illustration of a cross-sectional view of t he
conditioning disc of FIG 5; FIGs. 7-10 include illustrations of

cross-sectg onal vigwprades for ulishinguat semiconductoei devipe! sabstrate
accordance with one enbodi nent of the present invention;, FI G
11 i ncl udes dnpludes Itimos dissimilart majerials,r bothvdp bet polished im@& same

FIG 12 includes a plot illustrating tjtaniumryenoval rate. 25,
Skilled arti SReishipgralepat dntane %'l"%?é“m@nﬁsnat ungstenlayekig being

Lustrated | SighaR (dHdihef Wb 3 gl ResRherOFRaRHL B8de, . |
the Tigures JpgepXaqeipiRH WSS '4fets, ' WerflcdMitictor device substrate
10 is placed oﬁ,to a polishing pad. The polishing pad includes a |
polymer based pad having a poromeric structure formed on a
backing layer, much like what is currently used in the industry as a
finishing or buff pad. A polishing slurry including ferric nitrate
(Fe(NO3)3) and alumina particles is used to remove the tungsten
15 layer.- The same pad and slurry are used to remove the underlying
titanium or titanium nitride layer.

Because titanium and titanium nitride are typically more
difficult to remove, use of a finishing or buff pad to remove the
material may not be sufficient alone. Therefore, in one

20 embodiment, the finishing or buff pad is conditioned to establish
or maintain a sufficiently porous surface to get adequate polishing.
Conditioning of the pad occurs before, during, or after polishing of
the semiconductor device substrate. As used herein, a
semiconductor device substrate includes any substrate used to

o5 form semiconductor devices, such as a monocrystalline
semiconductor wafer, a semiconductor-on-insulator wafer, and the
like.

FIG. 3 illustrates a polisher 20 including a polishing platen
22 and a finishing platen 24. A polishing arm 26 holds a



- 5- <« to help to inprove understanding of enbodi ment(s) of the present

i nventi on. Detail ed Description 5 A
process for polishing a sem conductor device substrate i ncl udes two
dissimlar materials, both to be polished in a sane polishing step. In
one enbodi nent, a tungsten layer is being 6 - polished together with an
underlying titaniumor titaniumnitride | ayer. To pO|ISh t hese | ayers,

t he sem conductor device substrate 10 is ylaced onto a p |sh|ng pad. The
pol i shi ng padSEﬁUCQUdUCBJI’ devm phibstraie 27 that Haglude Yﬂ'ialt?c Qtructure

f
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titaniumand titanium ar e typlca nore to renove,
use of a figni ymelndesra Ipoiishinay pad (mrmlmwmn FIG.n8} seeaFIGta4) ndutirg

sufficient alone. Therefore, 1 n one
polishing of substrate 27, a conditioning arm 28 of the polisher
presses a conditioning disc 29 against the polishing pad on the
polishing platen 22. Conditioning disc 29 oscillates along the
conditioning arm 28 from the center to edge of platen 22.

10 Conditioning disc 29 helps to restore the polishing pad surface to
an adequately porous state. Polishing continues until the desired
amount of the layer being polished is removed from the substrate
27.

After material removal, polishing arm 26 moves the

15 substrate 27 onto the finishing platen 24. The finishing platen 24
is also a rotating platen and includes a finishing pad or buff pad
that is much softer than pads that are typically used in
_conventional polishing. The purpose of using a softer pad on
finishing platen 24 has traditionally been to smooth the exposed

20 surface of the semiconductor device substrate 27 and to removing
residual abrasive particles that lie near the surface of the
substrate 27.

In accordance with the present invention, the polishing pad
used on polishing platen 22 is more similar to a conventional

25 finishing pad or buff pad. In one embodiment, the same type of pad
is used on both platens 22 and 24. FIG. 4 includes an illustration of
a cross-sectional view of a polishing pad 34 used in accordance
with the present invention. The structure of the pad 34 is more

similar to the structures that are typically used for finishing pads



20 enmhodi ment, the finishing or buff pad is conditioned to establish
or maintain a sufficiently porous surface to get adequate polishing.
Condi ti oning of the pad occurs before, during, or after polishing of

t he sem conductor device substrate. As used herein, a sem conduct or
devi ce substrate includes any substrate uded to 25 form sem conduct or
devi ces, such as a nonocrystalline senm conductor wafer, a

sem conductor-on-insul ator wafer, and the i ke FIG 3

11 ustrates orpbuffspariszse:ampored ta ti comvegipnal @elshing Radand 2
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~show I ng of
substrate 27,bgckingdiayie?r 889 Adjacshtopotds 3 isharera commarsvedl wall,
condi tioning disc 29 against the polishing pad on the pol i shing pl aten

22. Condi ti ornoghdiike & homeycbmh structurey tHlewever,cthediporesinapdinetadse f r om
the center to edge of platen 22. 10 2 Conditioning dis 9 hel ps_to restore
t he poli shi nhexagenaliyasbapgd when viewed from the top of the pad. The pore
structure illustrated in FIG. 4 is sometimes referred to as a
poromeric polymer structure. In contrast, prior art polishing pads
10 used to remove layers frém a semiconductor device substrate, such
as those illustrated in FIGs. 1 and 2, include randomly distributed
pores, fibers, or fillers without an orderly and vertical orientation.
Anofher difference between the polishing pad 34, as used in
accordance with the present invention, and conventional polishing |
_15 pads, is the hardness of the two types of pads. For a polishing pad,
the layer of the polishing pad that contacts a semiconductor device
substrate during polishing is can be characterised by hardness.
Referring to pad 34, the layer having pores 36, not the backing
layer 38, is measured for hardness A pad used for polishing in
20 accordance with the present invention has a Shore D hardness of
less than approximately 45, and usually less than approximately
35. The Shore D hardness of pads, such as those depicted by FiGs. 1
and 2, are typically in excess of 50 and are usually closer to 60.
In one embodiment, the polishing pad 34 used to polish the
256 substrate 27 is a Politex pad manufactured and sold by' Rodel, Inc.
of Wilmington, Delaware. Other suitable pads include Rodel's UR
100, 750, and 205 pads. Comparable pads from other pad
manufacturers could also be used.



an adequately porous state. Polishing continues until the desired

amount of the |ayer being polished is renoved fromthe substrate 27.
After material renoval, polishing arm 26 noves the 15 substrate 27 onto the
finishing platen 24. The finishing platen 24 is also a rotating platen
and includes a finishing pad or buff pad- 8 -that is nuch softer than pads
that are typically used in conventional polishing. The purpose of using
a softer pad on finishing platen 24 has traditionally been to snooth

the exposed 20 suAsatientionad: ahave; polishiog prdi34 isuseftentdan7 and to
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accordances not\hé fugdtt iR preRticing that inventibhebetausé ua dfimdr bhe pofteB4 i s
nor e simlar to the structures that are typically used for finishing

pads polishing pad is being used. For example, diamondrdiscoss whick are
conpared to the conventignal polishing pads .
used to condition or deglaze conventional polishing pads, such as
those' depicted in FIGs. 1 and 2, should not be used to condition
polishing pad 34. If a diamond disc was used, the pbromeric
10 structure of polishing pad 34 would be shredded or otherwise
severely damaged by the diamond particles on the disc.
Therefore, in accordance with the present invention, a
different type of conditioner is used. Such a conditioner. is a
conditioning disc 29 as shown in FIG. 5 that includes a bottom view
15 of the disc 29. In other words, the viéw of FIG. 5 illustrates the
surface of the conditioning disc 29 that is pressed against the
. polishing pad 34 on the polishing platen 22 during conditioning. As
illustrated, conditioning disc 29 has a disc base 40 and a plurality
of ridges 42 as seen in FIG. 6. Ridges 42 protrude from disc base
20 40 and contact the polishing pad 34 during conditioning. In one
embodiment, base 40 and ridges 42 are made of a fluorocarbon
(polytrifluorochloroethylene, polytetraﬂuoroethylene, fluorinated
ethylene-propylene, polyvinylidene fluoride (PVDF), etc.),
polypropylene, polyethylene, polyvinyl chloride, and polyimide or a
25 similarly' smooth, chemically resistant material that can be easily
machined to achieve the desired ridge configuration. In one
particular embodiment, the conditioning disc 29 is made of PVDF
because it is relatively less expensive and has most of the desired
properties.



illustrated in FIGs. 1 and 2. Pol i shing pad 34 of FIG 4 includes
a plurality of vertically oriented, elongated pores 36 that are orderly
arranged on a polynmer 5 backing |ayer 38. Adjacent pores 36 share a conmon
cell wall, much |i ke a honeyconb structure. However, the pores need not
be hexagonal | y shaped when vi ewed fro® the top of the pad. The pore

structure illustrated in FIG 4 is sonetines referred to as a poroneric
pol ymer structure. In contrast, prior art polishjn ads .10 sed to yenove
| ayers from a senAdidge teant ensgyehras et,“aEUhHg"gteiéntﬁUgeﬁ I rat ed
in FIG. 1 and,2, incl
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with one embodiment of the present invention. The semiconductor

device substrate 50 typically includes circuitry, such as
transistors, diodes, -éapacitors, and the like, but are not shown in
FIGs. 7-10. As mentioned previously, the present invention is

15 particularly useful for polisﬁing dissimilar materials in a single
polishing operation. The embodiment described and illustrated in
FIGs. 7-10 demonstrates the usefuiness of practicing the present -
invention in polishing a tungsten layer that overlies a
titanium/titanium nitride layer, such as might be used in forming

20 conductive plugs. However, it is important to realize that the
present invention is not limited to the polishing of these
particular materials or only to forming conductive plugs.

Semiconductor device substrate 50 of FIG. 7 includes a metal

interconnect 52 having an overlying antireflective coating (ARC)

25 54. Metal interconnect 52 includes aluminum, an aluminum alloy
with copper or silicon, copper, or the like. ARC 54 is typically a
metal nitride including titanium nitride, tantalum nitride,

aluminum nitride, or the like.



- 8- . As mentioned above, polishing pad 34 is softer than
conventional polishing pads used for polishing. A conditioner is used
to condition the pad before, during or after polishing of the

substrate. Certain traditional means for conditioning pads should 5 not be
used in practicing the invention because-a@imner and softer pol i shi ng
pad is being used. For exanple, dianond discs, which are used to
condition or-degl aze conventional polishi pads,_s

' h h
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conditioner igp Ia¥er0(55diirﬁélad'b§9aﬁiéﬁid%grﬁéte?mwthdtnis':bﬁenﬁcé t includes
a bottomview 15 of the disc 29. In other words, the viewof FIG 5

i I lustrat es t depositesuand anayfbe kiepedndr undoped. dThe via openingsispetehedd

agai nst the _polishing pad 34 on the polishing platen 22 during

condi ti oni ng. yRing conventional emisetsepic: Aoy exide etchinghtechnigues. base 40
and a plurality f-ridges 42 as seen in FIG, 6. R dges, 42 protrude from
di sc base 20 40 a %’brﬁ?ﬁgmg Re Visb19RENIRG; ;ﬂgﬁ Blﬂgd!ﬁyerfg'scg)?m‘ggthng. I'n
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film over the upper surface of the ILD layer and within the via
16 opening. In one embodiment, titanium film deposited over the ILD
layer 65 and partially reacted with ammonia to form titanium
nitride to form the adhesion/barrier film 56. After forming the
adhesion/barrier film 56, the plug filling film 58 is deposited. In
one embodiment, this material includes tungsten. Both the plug
15 filling film 58 and the adhesion/barrier film 56 outside the
opening is to be removed. The plug filling fiim 58 and
adhesion/barrier film 56 include dissimilar materials.
FIG. 8 illustrates semiconductor device substrate 50 after
the plug filling film 58 has been substantially removed from above
20 adhesion/barrier fiim 56. The tungsten layer is removed using the
polisher 20 and the polishing pad 34 previously described. In one
embodiment, tungsten is removed using a Politex polish pad in

conjunction with an acidic ferric nitrate (Fe(NO3)3 slurry. Upon

reaching adhesion/barrier film 56, the polishing rate changes.

25 However, the polishing slurry pad nonetheless removes
adhesion/barrier film 56, as shown in FIG. 9 without changing the
slurry or any of the polishing parameters. After removing plug
filling film 58 and adhesion/barrier layer, a plug 60 is formed
within the via opening of the ILD layer 55.



et hyl ene- propyl ene, pol yvinylidene fluoride (PVDF), etc.),
pol ypr opyl ene, polyethyl ene, polyvinyl chloride, and polyimde or a 25
simlarly snmooth, chemcally resistant material that can be easily

machi ned to achieve the desired ridge configuration. In one parti cul ar
enbodi nent, the conditioning disc 29 is-nhdle-of PVDF because it is
relatively | ess expensive and has nost of the desired properties.

-9- A ridge configuration such as that illustrated in FIG_ 5 need
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. polish substrate 27. FIGs. 7-10 include illustrations of
cross-sects onasing awbasic $lurnp mayi benperdformedeoncthes findshingepkilenh24 fos
polished in accordance wi th one enbodi nent of the present invention.
The semi conduptoyide a smaopthe stwfacer i dheolkD) Jayar 156.i nd| water gnseui try,
such as t{ﬁnsistors di odes, capagi.tors, .and, the Iike, th are not
shown in ollows to rémove any remaining basic slurry. In dnother

embodiment, only water (without the basic slurry) is introduced
over the finishing platen 24. The finishing platen 24 has a pad that.

10 is identical to the polishing pad 34. Alternatively, ri_o finishing
step on the finishing platen 24 is performed.

After plug formation is -completed, the substantially
completed semiconductor device 50 is formed as shown in FIG. 10.
Another adhesion/ barrier layer 62 similar to adhesion/barrier

15 film 56 is deposited, and a second level of metalization, such as
metalization 64 is deposited. Metalization 64 is similar to metal
interconnect 52. If the second level of metalization is the
uppermost level of metalization form interconnect within the-
device, a passivation layer 66 is then deposited. The passivation

20 layer 66 includes a doped oxide, nitride, silicon oxynitride or the
like.

In other embodiments, the ILD layer 55 can include other
patterns, such as contact openings, and interconnect channels for a
dual damascene process. In still other embodiments, the

25 adhesion/barrier film 56 includes tantalum, tantalum nitride,
molybdenum, molybdenum nitride, or the like. In another
embodiment, interconnects within interconnect channels are
formed by depositing an interconnecting layer and polishing. The

interconnect layer includes an adhesion/barrier film and a



FI Gs. 7-10. As nentioned previously, the present invention is 15
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useful for polishing dissimlar materials in a single
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ungsten layer that overlies-d2 - titaniunititaniumnitride

| ayer, such as m ght be used in form ng 20 conductive plugs. However, it

i mportant to
pol i shi ng of

realize that the present invention is not limted to the
metadizationpfilmi cuThe adhesian/baviendilp cary dnelude e@yducti ve

in

'S

pl ugs. Seri gonduct or ic bstrate 50 of EIG 7.ipclud
net al i nfrates e@?teﬁg %vﬁas\ééweﬂfsgf'ﬁ?{ %ﬁhng(i;'? ef 'é%tmﬁé'a@%aﬁpﬁ; ?ARC)

25 54. Metal
Wi th copper o
nmetal nitride
nitride, or t

. FGGHBEC IS, 4 BB on,

he - 10 -

An interleeel adisieh/barrier Lahd! myetalization fitmssiaredpolished usimgj al
i nterconnect 52 and ARC 54 and is etched to forma via openi ng whi ch

exposes a top

polishing) pefd t34 inewsingi at ethadesimibr. to formimy (thger 55

coppleridtOtrid Ui, UAftet défSositig! e lfis, " ihée, al umi num

I ncludes an oxide material that is chemcally 5 deposited and may be doped
or undoped. TIE@Ndugtivgeplugy; 63; et ched

10

By using the polishing pad 34 and conditioning disc 29, the
polishing rate of the adhesion/barrier film 56 and plug filling film
58 is optimized; Prior art attempts have focused on optimizing the
plug filling film 58 polishing rate typically at the detriment of the
adhesion/barrier film 56 polishing rate or optimizing the

adhesion/barrier film 56 polishing rate typically at the detriment

‘of the plug filling film 58 polishing rate. Also, in the prior art, the

15

20

25

polishing rate of the adhesion/barrier film 56 and the plug filling

film 58 decreases as more substrates are polished. A conventional
polishing pad is changed about once every 200 substrates.
Unexpectedly, a reasonable polishing rate of the
adhesion/barrier film 56 and the plug filling film 58 is achieved.
The polishing rate of the plug filling film 58 remains relatively
stable at about 3300-3700 angstroms per minute over about 700
wafers. FIG. 11 includes a plot of tungsten polishing rate
comparing an embodiment of the present invention and a prior art
method using a conventional polishing pad. When the tungsten
removal rate is below 2500 angstroms per minute, the polishing
pad needs to be changed. Note that the prior art has a tungsten
polishing rate of about 2500 angstroms per minute after
approximately 50 substrates. Equipment down time is reduced

because the polishing pad 34 can be used for more substrates.



usi ng conventional anisotropic dry oxide etching techni ques.

After form ng a via opening, the plug layer is formed by sequentially
depositing an adhesion/barrier filmand a plug filling filmover the
upper surface of the ILD |ayer and within the via 10 opening. In one
embodi ment, titaniumfilm deposited over 18e-1LD | ayer 55 and partially
reacted wwth amonia to formtitani um nitride to formthe

dhesi on/ b [ fil f f ' h dhesi b ' fil ,
AR T AR AR W ok o S
i ncl ud h | ) YN fj .

55 b 65 Rl e M o, B8 95 poitro 0
L 11 e Fig, 91eFOP ARG 0g! bR PR IeR B o,

after  theadhegiohibairiar THIlNiNES fors theefirstubon asubstrates sgoved from
above 20 adhesion/barrier filmb56. The tungsten |ayer is renoved using the

pol i sher 2 aappraximadelys 450 gregsttamsr @erromihutele appiroxidnately o660

enbodi nent, tungsten is renpved using a Politex polish pad in

conj uncti on vRRgStEAMS: PEr cmiryte éomtgeasecqm(ueq Subpjrades, and,eventualhn
reachi ng adhesi on/ barrier fiIF156 éae ﬁgl&shin rate._changes. 25 However,
t he poli shi nd'egcuhe,sy a;m!%m% Q‘XI 2000, guoms “per, ity barrier film 56,

oS har L o N SRR o Subepatdd U, Ko WrobolBE | = "0
layer, a plugudifig' & $ingle Polishing! pad B4.heTNeRISREMHE polishity 'pdd '3y s 55
10 changed when other factors, such as routine preventive |
maintenance and not too low of a polishing rate, determines when
the polishing pad 34 is changed. A polishing pad 34 should be
capable of polishing at least approximately 500 éUbstrates
between polishing pad changes. Although no limit is known, a
15 single polishing pad may be used to polish' more than 1000
substrates.

In the foregoing specification, the invention has been
described with reference to specific embodiments. However, one
of ordinary skill in the art appreciates that various modifications

20 and changes can be made without departing from the scope of the

‘ present invention as set forth in the claims below. Accordingly,
the specification and figures are to be regarded in an illustrative
rathér than a restrictive sense, and all such modifications are
intended to be included within the scope of present invention. In

25 the claims, means-plus-function clause(s), if any, cover the
structures described herein that perform the recited function(s).
The mean-plus-function clause(s) also cover structural
equivalents and equivalent structures that perform the recited
function(s).



After t.he polishing is perforned on the polishing platen 22

polishing pad 34, the substrate 50 is noved to the finis l“ﬂm IHQ il””“l

to renove residual particles fromthe surface of the subst«a

one enbodi nent, a short dielectric polish 5 wusing a basic slurry may be
performed on the finishing platen 24 to - 14 provide a snooth surface to the
| LD | ayer 55. A water rinse follows to renove any renuni ni ng basic
slurry. In another enbodi nent, only water (w thout the basic slurry) is
i ntroduced over the finishing platen 24. The finishing platen 24 has a
pad that 10 is identical to the polishiiﬁ.gad 34. Alternatively, no
finishing step on the finishing pla I s perforned. Af ter
plug formation is conpleted, the substantially conpl et ed sem conduct or
device 50 is fornmed as shown in FIG 10. Anot her adhesi on/ barrier

I 62 har t g
ovel of et zat Popocese o pblishinka SeriicaRdletdieRatices butatfate sccon

Metal i zati gn 64 |50@hﬁpﬂl§hﬁt (hémstebs of: interconnect 52. |If the second
| evel of netalization is t pernost |evel of netalization form

i nterconnect wi t hi providing a @@Msher laclpldm \aatfireh pady bavieg ias Sheze D

deposi ted. The passi vat | on 20 66 | cI udes a .do nitride,
silicon oxynitride or thard ness.n&%%arder than apﬁ"@f‘ﬁlé%eg'nﬂgdl ments, the ILD
| ayer 55 can include ather uch C .

i nt er connect channgf% |pgraasem|8§|&é ‘xﬁ’&nﬂéz'&ﬁegﬁ%ﬁgﬁ &Ftﬁpgﬁé nﬁ's%t ﬁ%&
embodi ments, the 23o1igltitA/ BahiibSAdLbIOP BBvice'siietrdteNatg'm tantal um

nitride,
10 conditioning the flrst pad.

2. - The process of claim 1, wherein:
" the éémiconductor device substrate includes a first
~ patterned layer having an upper surface and a second
15 layer ovérlying the upper surface of the first layer;
the second layer includes a second film overlying a first
film; and
the first film includes a first material and the second film
includes a second material that is different from the
20 ~ first material;
the step of polishing comprises a step of polishing the second
layer - overlying the upper surface of the first patterned
layer.

25 3. The process of claim 1 or 2, wherein the step of polishing is
performed for at least approximately 500 semiconductor
device substrates using the first pad.



i nterconnecting |ayer and polishing. The i nt erconnect |ayerci nc

an adhesion/barrier filmand a

12 - netalization film The adhesienABarrier filmcan include any
material |isted for adhesion/barrier film56. The nmetalization film

i ncludes al um num an alum numalloy with copper or silicon, copper, or
the like.. Aiter depositing the filnms, the 5 adhesion/barrier and

% ﬁl)i:llzgit hfpa‘i-iig b rpfipastuot clSich ol e ﬁﬁbh?@bn%@ﬁ%%s?nfg 4 sitomy .0 ng
Lhe baheai onbar i U HiB0Semieghalctdr supstate Tater B8 190817 C 0
Prior art attenptSpéaifing? iR 'theP stdp denﬁ?ﬁigﬁ; usesP UQeéb#%i S f’ﬂh'a?1 58

polishing rate typically™at the detrinent of adhesi on er tilm
56 polishimg rate las opubstantialyt same progeetesnadahe €irst igat.56 pol i shing

nmol ybdenum nol ybdenum nitride, or the like. In another '
I nterconnects within interconnect channels are f ormed bM H Hmil HIHH“'
wdes  »

rate typically at the detrinent of the plug filling film58 polishing
rate. Also, in the prior art, the 15 polishing rate of the
adhesion/barrier fi] m56 and the pJlug filling filmb58 decreases as nore
substrates ar®e pol*bﬁeﬁ'focﬁ%ﬁxf/éﬂglmn%i wherein:

the first material is selected from a group consisting of
titanium, tantalum, molybdenum, titanium nitride,
10 tantalum nitride, and molybdenum nitride; and
the second material is selected from a group consisting of

tungsten, aluminum, and copper.

6. A process for polishing semiconductor device substrates
15 comprising the steps of: ,
providing a polisher including a first pad, a first plurality of
ten semiconductor device substrates, and a second
plurality of ten semiconductor device substrates,
wherein each of the semiconductor device substrates of
20 the first and second plurality of semiconductor device
substrates includes a first layer;
polishing the first plurality of semiconductor device
substrates using the first pad, a slurry, and polishing
. parameters; and
25 polishing the second plurality of semiconductor device
substrates using the first pad, the sldrry, and the
polishing parameters, wherein:



pol i shi.ng pad is changed about once every 200 substrates.
Unexpectedly, a reasonable polishing rate of the adheS| on/HHl“' IH&'ILIIU “||| " |II|
56 and the plug filling filmb58 is achieved. 20 The

plug filling film58 remains relatively stabl e at about 3300 3700
angstrons per mnute over about 700 wdféer-s. FI G 11 includes a plot of
tungsten polishing rate conpari ng an enbodi nent of the present

invention and a prior art nmet hod using a conventional polishing pad.

Wien the tungsten 25 rébvhe figsk plyraietyowfzgemlaa@duetﬂfs q@eﬁlcen' nute, the

pol i shi ng pad needs to b ed e pr| art has a
t ungst en polishing rateS$ E’ Eﬁ aSef %@é’e&?gﬁr

approxi mately 50 substrates. ime is reduced because
t he polishing pad 34 can be Rggghﬁﬁr}%%e%strat es.
- 13 - ' The pOlfd')lSHQBQséé‘éﬁdOﬁldraﬁmcﬂi%bﬁ'ﬂé@ﬁﬂﬁbﬁr Helige>6

i ncr eases, rat her than decreases, as t nunber of substrates are

polished ag seen in Fl G substriates,cseanfirst laper haw apseeohdsbveeaget e of
t he adhesi on/barrier filmb56 for the first ten substrates is 5

approxi mately 450 angstroms mllshingjtlateamatoxs nfaséery thbao the firgistrons per
m nute for the second ten substrates, @gh eventual | y reaches
approxi matel y 1000 angst r ons ayérage npeshing rate.

7. The process of claim 1 or 5, wherein the step of conditioning
10 is performed using a conditioner thét includes a material
selected from a group consisting of a fluorocarbon,
ponpropYIene, polyethylene, polyvinyl chloride, and
polyimide. R



No theoretical limt of substrates is known for polishing using a
single polishing pad 34. Therefore, the polishing pad 34 is 10 changed
when ot her factors, such as routine preventive mai nt enance and not too
| ow of a polishing rate, determ nes mhen the polishing pad 34 is
changed. A polishing pad 34 shoul d be Zépable of polishing at |east
approxi mately 500 substrates bet ween pol i shing pad changes. Although no
limt is known, a 15 single polishing pad nay be used to polish nore than
1000 substrat es. In the foregO|ng speci fication, the
i nvention has bg 48 IS \ f 8 i e S.
However, one 89 ] '?ggécgﬁgggvc Tous
modi fi cations 20 and changes can be nade mnthout departing fromthe scope
of the present invention as set forth in the clains bel ow Accordingly,
the specification and figures aAbstracbeof dber isclosuxe i |l ustrative
rather than a restrictive sense, and all such nodifications are
intended t6 be included within the scope of present invention. In 25 the
claims, nmeans-plus-function cla cover the ctures
poje

n
described herein tfa ng rPQ c)"‘t‘ﬂé‘daf ﬁ{f?mﬁ{ )structurerhgolrls%es two

caui val ont st PlaeyEE WREehpls BB e B vEhy & f?'&ﬁ%@ﬂéﬁ@ﬁﬁ”bﬁd&%d

conditioning, relatively constant times can be used for polishing

the dissimilar materials (56, 58). This makes polishing more

10 predictable and increases the number of substrates that can be
polished using a single polishing pad (34). Polishing pads (34) are
typically changed when other maintenance is performed on the
polisher rather than when the polishing rate becomes too low.

15 Figures 4 and 7 accompany this abstract.



- 14 -. Cl ai s 1. A process

for, polishing a sem conductor device substrate 5 conprising the
st eps of: provi ding a polisher including a first pad having a
Shore D har dness no harder than approxi mately 45;

pl aci ng a sem conductor device substrate onto the first pad,;

pol i shing the sem conductor device substqug; and 10 condi tioning
the first pad. ZJB_NIQF process of cfaim 1, wherein: t he
sem conduct or device substr&te includes a first patterned

| ayer having an upper surfete =
t he upper surface of {Be~{ '

yer overlying
ayer includes a

second filmoverlying a f  \: j | .'n ( the first
filmincludes a first matgrify 2\ /)\ // Y i ncl udes
a fecpn? mat eri al th?hzis VALY )gli9/%9%$3§<// X /D/‘ firfp " .
materi al | ST PO AN ALY TR 2 73d'% pol i shi ng e
second | "s" ';/A\‘/\' //- Xpded ‘</;/ NG e first
Ol NITILTTAL

N AN

FI1G.7

—PRIOR ART-

FIG.2

—PRIOR ART-

FI1G.3



25 3. . The process of claim1 or 2, wherein the step of polishing is

perfornmed for at |east approximtely 500 sem conduct or devi ce
substrates using the first pad. -
15 - 4. The process of claiml1l or 2, further conprising a step of
buffing the sem conductor substrate after the step of pol i shi ng,
wherein the step of buffing uses a second d that 5 has
substantially same properties as the firséﬁgad. 5. The process of
claim 2, wherein: the first material is selected froma group
consi sting of 34 titanium tantalum nolybdenum titani um
nitride, 10 ta talun1nitrid;?7qnﬂ nol ybdenum nitride; and
the second material is selected from oup consisting of
tungsten, alunminum and chphéd| (N

\AA)

38

NN N NN N NN




6. A process for polishing sem conductor device substrates 15

conprising the steps of: providing a polisher including a first
pad, a first plurality of ten sem conduct or device
substrates, and a second plurality of ten sem conductor

devi ce substrates, wherei n each of the sem conductor device
substrates of 20 the first gﬂ? second plurality of

sem conduct or device sub ates includes a first |ayer;

polishing the first plurality of sem conductor device
substrat es usj @g the first pad, a slurry, and polishing
paraneters; polishing the second plurality of sem conductor

devi ce substrates using the first pad the slurry, and the
pol i shi ng par -
16 - S\;ggssggggéb\ lurality of senr\hqductor devi ce
substrat es, st average

pol i shing raf&\a{ or the secong=pd = 1

sem conduct ok—oevrce substratfes, the
second avera polishing ratie that
first 55
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aver age polishing rate. 7. The process of claim1 or 5, wherein the

step. of conditioning 10 Is perfornmed using a conditioner that
i ncl udes a materi al selected froma group consisting of a
fl uorocar bon, pol ypr opyl ene, pol yethyl ene, polyvinyl chloride,
and pol yi m de.
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