POLI SHI NG METHOD W TH | NERT GAS | NJECTI ON TECHNI CAL FI ELD [0001] This
invention relates, generally, to nmethods for fabricating sem conductor

devi ces and, nore particularly, to nmethods for

chem cal - mechani cal - pol i shi ng sem conduct or substrate. BACKGROUND [ 0002] I n
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typically performed after the deposition of an insulating |ayer to reduce

t he t oBACKGIROWND rast of the insulating |ayer. A conductive layer is

t hen deposited on a snooth, even surface and the interconnect pattern

reliably defined using conventional photolithography. In a process to form
tern is forped in the insulating |ayer
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topography can become uneven. Also, advanced circuits incorporate embedded
conductive metal leads formed in inlay patterns within an insulating layer. The
pattern density can vary widely across different regions of the circuit.
[0003] To be manufactured reliably, the metal layers need to be deposited, and
an interconnect pattern defined on a smooth, planar surface. A planarization
process is typically performed after the deposition of an insulating layer to reduce
the topographic contrast of the insulating layer. A conductive layer is then deposited
on a smooth, even surface and the interconnect pattern reliably defined using
conventional photolithography. In a process to form an inlaid metal layer, an inlay
pattern is formed in the insulating layer and a metal is deposited over the insulating
layer. The metal layer and the insulating layer are subjected to a planarization
process to produce a smooth surface.
[0004] One method for planarizing the substrate surface during integrated circuit

fabrication is a polish planarization process. Chemical-mechanical- polishing (CMP)



[ 0005] A conmon requirenent of all polishing processes is that the
substrate be uniformy polished. Uniform polishing can be difficult

because, typically, there is a strong dependence in the polish renoval rate
with localized variations in the surface topography of the substrate. For
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the polish process must be controlled to avoid generating an uneven surface and
damaging underlying layers. This problem has been made more difficult by the
recent development of abrasive-free polishing slurries. Accordingly, a need exists
for an improved polishing process that is less sensitive to feature density variations

across device circuits and supporting substrates.

BRIEF SUMMARY

[0007] In one embodiment, a polishing process includes providing a substrate
having an uneven surface. The uneven surface is characterized by high regions and
low regions with respect to a principal surface. Aninert gas is introduced into a
polishing slurry distributed on a polishing pad. The uneven surface is contacted with the



[0009] I n yet another enbodinent, a nethod for form ng a polishing
conposition includes providing a polishing |iquid and i ntroducing an inert
gas into the polishing liquid to forma bubble | ayer at the surface of the
polishing liquid. An uneven surface is contacted with the bubble |ayer,
where the bubble concentration in the bubble [ayer varies in relation to
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conpos PPIING £omRAsitiqn. yi\p nengen surface having low regions is contacted with the
polishing composition. The uneven surfaces polished and a gaseous phase is
selectively formed in regions of the polishing composition that are in spaced relationship
to the low regions of the uneven surface.
[0009] In yet another embodiment, a method for forming a polishing composition
includes providing a polishing liquid and introducing an inert gas into the polishing liquid
to form a bubble layer at the surface of the polishing liquid. An uneven surface is
contacted with the bubble layer, where the bubble concentration in the bubble layer

varies in relation to the features in the uneven surface.

BRIEF DESCRIPTION OF THE DRAWING

[0010] FIG. 1 illustrates, in cross-section, a substrate having inlaid copper features
and having a surface profile created by a polishing process of the prior art;

[0011] FIG. 2 illustrates, in cross-section, an inverted view of a substrate having a
copper layer deposited thereon and in position to be polished by a polishing process in
accordance with an embodiment of the invention;

[0012] FIG. 3 illustrates, in cross-section, a polishing composition in contact with the
substrate of FIG. 2 during the initial phases of a polishing process in accordance with an
embodiment of the invention;

[0013] FIG. 4 illustrates, in cross-section, a polishing composition in contact with the
substrate of FIGs. 2 and 3 during an intermediate phase of the polishing process in
accordance with an embodiment of the invention;

[0014] FIG. 5 illustrates a polishing composition in contact with substrate illustrated
in Figs. 2-4 during a later phase of the polishing process in accordance with an
embodiment of the invention; and



substrate of FIGs. 2 and 3 during an internmedi ate phase of the polishing
process in accordance with an enbodi nent of the invention; [0014]FIG 5
illustrates a polishing conmposition in contact with substrate illustrated
in Figs. 2-4 during a | ater phase of the polishing process in accordance
with an enbodi nent of the invention; and [0015]FIG 6 illustrates the
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CMP process, metal regions 16 remain in the recesses in insulating layer 12.
[0017] As shown in FIG. 1, the CMP process of the prior art forms an uneven upper
surface across substrate 10. In particular, relative to principal surface 14, the surface
profile varies in relation to the overall dimensions and spatial separation or density of
the recesses in insulating layer 12. The uneven surface is characteristic of CMP
processes carried out in accordance with the prior art in that the surface profile shows
the effects of dishing and erosion.
[0018] The inlaid metal pattern within insulating 12 includes a high pattern density
region 17 and a low pattern density region 18. With respect to principal surface 14,
metal surfaces 19 and 20 in region 18 reside below the principal surface 14. This
phenomenon is known as dishing. Further, both metal surfaces 22 and insulating layer
surface 24 in region 17 reside below principal surface 14. This phenomenon is known
as erosion. Notably, the erosion typically occurs in regions of substrate 10 having a
relatively high density pattern, such as region 17, while the dishing phenomenon
typically occurs in regions of substrate 10, such as region 18, having a relatively low
density pattern.
[0019] The overall polished surface profile obtained by the CMP process carried out
in accordance with the prior art is characteristic of CMP processes used to form copper

damascene features during semiconductor device fabrication. The inlaid copper forms
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[0018] The inlaid nmetal pattern within insulating 12 includes a high pattern
density region 17 and a |l ow pattern density region 18. Wth respect to
princi pal surface 14, nmetal surfaces 19 and 20 in region 18 reside bel ow
the principal surface 14. This phenonenon is known as dishing. Further,
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in preparation for undergoing a polishing process in accordance with an
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formed I'n arating layer. cesseS 30 are nore numerous in
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is deposited onto substrate 26 and fills recesses 30. Fill layer 36 can be
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28. substrate 26. The electro-deposition process forms a thick layer of copper metal that
fills recesses 30 and piles up on principal surface 38 of insulating layer 28.
[0022] Asillustrated in FIG. 2, fill layer 36 has an uneven upper surface 40. The
contour of upper surface 40 is somewhat reflective of the pattern density of recesses 30
in insulating layer 28. For example, during the electro-deposition process, copper metal
fills the recesses in high-density region 32, then continues to pile up to a relatively large
thickness over these recesses. Other surface irregularities, such as troughs (not
shown), can also be created in the profile of upper surface 40. The surface irregularities
formed in spaced relationship to the variations in pattern density of recesses 30.
[0023] After depositing fill layer 36 onto substrate 26, a polishing process is

performed to remove regions of fill layer 36 above principal surface 38 of substrate 26.
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[0022] As illustrated in FIG 2, fill layer 36 has an uneven upper surface
40. The contour of upper surface 40 is somewhat reflective of the pattern
density of recesses 30 in insulating |layer 28. For exanple, during the

el ectro-deposition process, copper netal fills the recesses in high-density
region 32, then continues to pile up to a relatjively |arge thickness over
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conpos{O028] 42During the initial stages of the polishing process, polishing composition 42
only contacts fill layer 36 and the upper portions of fill layer 36 are removed by a
combination of chemical reaction and abrasion created by the relative movement of
polishing pad 44 and substrate 26. Because of the thickness of fill layer 36, during the
initial stages of the polishing process, fill material is uniformly removed and upper
surface 40 of fill layer 36 becomes relatively flat. As will subsequently be described, the
inventive polishing process operates to maintain the relative flat profile of upper surface
40 throughout the polishing process.
[0026] In accordance with one aspect of the invention, an inert gas is introduced into
polishing composition 42. The inert gas can be any gaseous species that will not react
with the components of polishing composition 42 or the material of fill layer 36. Any of a
variety of inert gases can be used depending on the particular type of polishing
composition of fill layer 36 and insulating layer 28. For example, the inert gas can be a
noble gas, such as helium, neon, argon, krypton, and the like. Further, the inert gas can
be nitrogen or a molecular gas containing carbon and oxygen, such as carbon
monoxide, carbon dioxide, and the like.
[0027] In one embodiment of the invention, the inert gas is injected (indicated by the
arrows) into polishing composition 42 through pores 46 in polishing pad 44. For
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only contacts fill layer 36 and the upper portions of fill layer 36 are
renmoved by a conbination of chem cal reaction and abrasion created by the
rel ati ve novenent of polishing pad 44 and substrate 26. Because of the

t hi ckness of fill layer 36, during the initial stages of the polishing
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Those skjlled jn the art wll appreciate, that porous polishing pads are
conmer HFE‘Pﬂr'yyéiﬁf'pldﬁﬂdé”‘m'Brﬂoyﬁwggr@”éﬁﬂﬁﬁt'%4 hm & Haas and Rodel, and

th At - et ‘ X an
desi gnlOPRR B BRRTHA ProcesrtoRRilies FrBLh e e Rlig Mad BB IA Y
forns El@adebtuthepinterenciiatei sthge theldifidrienges imihespattern deBsitpof rewpssbs 30

o TSR s R e B BB TS o g

surface 40 draws closer to substrate 26. The pattern density effects of recesses 30

cause upper surface 40 to become uneven. In accordance with an aspect of the
invention, the gaseous phase within polishing composition 42 dynamically responds to
the changes in the contour of upper surface 40. Because of the hydrodynamic action of
gaseous phase 50 during the inventive polishing process, the distribution of inert gas in
polishing composition 42 changes in response to the changes in profile of upper surface
40.

[0031] As illustrate in FIG. 4, the distribution density of inert gas in polished
composition 42 is greater in proximity to low surface region 52 as compared to high
surface region 54. The distribution of inert gas in polishing composition 42 is

7



[ 0030] The polishing process continues through an internedi ate stage
illustrated in FIG 4. In the internediate stage, the differences in the
pattern density of recesses 30 begins to influence the polishing process.
As renmoval of fill l|ayer 36 continues, upper surface 40 draws closer to
substrate 26. The pattern density effects of recesses 30 cause upper
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conpared to the | ower density of bubbles 56 in proximt region 54.

[ 0032] variatiaysimthe mwrwwmergagawéomawnaml@mma@remqobyt i ng

ot or 1 2B T Tl R R o SN Rl B i i s iselei n i g
regi on desityPpi gh@butalleécsmmtm@xmty ®howaegioal 52 Alrktions e gidueeiRe chenlieal
maintaining a relatively 4180| ishing rate in region 54, variations in

t he corﬁe@@rorbandjgb@sn@wtwfeo emsavamwwrsgmne‘é%eﬁowsm@dlngly, the
concentieeh?By fepRbdy niBaseiHBRLAMIIEbART ARV TBRSLIPhat he The

greater I OXI ow I’ Ncti ons
t o r edehentital reaetiviecarid abeasiveoactiomdtaainggsase irkighaegioh 541:3 rpainltahedg

o o LA Sl LR 5 *
react | "T%earg}&\ance 's)éSuéBh?Q{z‘ Wil fHe I%‘ﬁf% QQtléﬁQ'z%s%mﬁeﬁ‘%%t@& faned.

[ 0033] An tage o he 1 nventive | ng process Is Illustrated
in Fl Gthélrrmamumecprgahaeahumgolhmatemmmaietplmqml stape agd daspetlirnedn 42

or acos UPBRRgK a5 N4 Aelall RBL Al meRties Satee oS tor Tl e Bfal e P Fpred ©

prof i | asEBGE phhSe SO bnémaglc@mﬁdsﬁﬁma@oh@éragam betdPRASnifRiiARE 50
wi t hi n"pol i sh| ng conposi t| on 427once agai n becones unifornly distributed

t hr ougl@hﬂlubw@dutbmug@oubpphmmg campRsitibnel2. lges gasdmbiies 56 remaimaciive; ve,
however,

Fur  nerouiveld ool Ao RO bl Mg SR tnah SR G MR AERP ey

pr ocessrredTRMiéS0GMINg tHfindl Staderobiane pwnghuhpsmoc@@ Olpdrizditly pireMbaus| y
devel oped in upper surface 40 under the influences of pattern density

di f f er 6A@iE8S PEEdUGR scegions Had nsewausly asyelpreada &p@ehguvacq fi@ undeeiia ve
D0 oSS APNSS, AcNRGER BLNESTVS bhor RUFDIE AR,
i |1 ust rthe a@dventivé bGlisifing pposessawitiauesto ahiférindy irementifiléayerl 36548 ogper ocess,
surface 40 approaches principal surface 38 of insulating layer 28.
[0034] Asiillustrated in FIG. 6, upon completion of the inventive polishing process,
substrate 26 has a uniformly polished surface 58. In FIG. 6, substrate 26 has been
returned to its upright position and is positioned in the same orientation as illustrated in
FIG. 2. The inventive polishing process has uniformly removed fill layer 36, while not
substantially removing portions of insulating layer 28. Accordingly, upper surface 58 is
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uniformly flat across all regions of substrate 26. Fill material occupies recesses 30 in
substrate 26 and forms an inlaid pattern 60 in substrate 26. Importantly, upper surface
58 does not exhibit artifacts of the polishing process, such as erosion or dishing.
[0035] Following the polish removal of fill layer 36, the substrate is washed with
deionized water and, in the case where fill layer 36 is copper, a passivation step is
carried out. The passivation step reduces corrosion of the copper inlaid pattern. In
accordance with an aspect of the invention, inert gas can be continuously introduced
into the cleaning and passivation solutions. The gaseous phase functions to enhance
the cleaning action of the deionized water and to uniformly distribute the passivation
agent on the substrate.

[0036] Those skilled in the art will appreciate that a wide variety of polishing
compositions are available for use in a CMP process. All such polishing compositions
are potentially available for use in the inventive polishing process described here.
Further, those skilled in the art will appreciate that a wide variety of polishing pad
materials and compositional configurations are widely available for use in various types
of commercially available polishing equipment. Further, those skilled in the art will
recognize that polishing systems having various polish pad and platen configurations
are commercially available and can be employed to carry out the inventive polishing
process.

[0037]  Those skilled in the art will further appreciate that the substrate illustrated in
FIG. 6 can be further processed using a variety of known semiconductor processing
techniques to form a wide variety of semiconductor devices. The polishing process
illustrated in FIGS. 2-6 represents a polish planarization process that can be used at
various stages in a semiconductor fabrication process to form a relatively smooth and
flat surface upon which subsequent layers can be deposited to complete the fabrication
of a semiconductor device. For example, semiconductor devices having multiple layers
of metal interconnects can be formed using the inventive process described herein.
[0038] Thus, it is apparent that there has been described, in accordance with an
illustrative embodiment of the invention a polishing process with inert gas injection that
fully provides the advantages set forth above. Although the invention has been

described and illustrated with reference to specific illustrative embodiments thereof, it is



not intended that the invention be limted to those illustrative

enbodi nents. Those skilled in the art will recognize that variations and
nodi fications can be made wi thout departing fromthe spirit of the
invention. For exanple, various pore configurations can be enployed in a
polishing pad that allow for variations in gas perneation through the
pol i shhaginpentiedrihet tier inveationbe liptladstnithgsertiusirative emdadireenis|

por 1 sneHiec e o WaF oAl wb Reudlonk i B GRBO0P el kEThade &%ﬁ Pon' ar

such vagpatingTrorahide gpmtbm?éinvéﬁtm Fa& éxarplel, Datibes chmguwtbr%mmnded
clains and equi val ence t hereof. 1. A polishing ﬁ.rgocess

conpr i begaployed in @ peliskingpas tbabaﬂqvmf@r \ediatings é[hg%ﬁé’%fﬁe%mff gugh the
h
ur 1 acROTSHifg pad, BiBfhel VAR RISH GRS Sarlbb Seléttar Bbpt ifio RELRTHES

surfac an 1 nert- gas rn

pol i shpagicpettyp®of m@rrug@ béiagunieciza thmdgarcmevpdhbhmgq)ambl itfmihegafsl'eur ry; and
pol i shing the uneven s rface, such t aseous ﬁgase {orms in trﬁgl ons of

the pointerdegtasinglude Ieéh@mer\m@ t%ﬁ fians gAd medificRionsAR s ur f ace,
wher ei la‘?llﬂaé irdebate in the | ow

regi ong”t\}/]\n res%egqfqﬁg%gpﬁﬁaé???é Spo |s¢1lﬁ\?éa'?lgééln t he hi gh regions.

2. The nethod of claim 1, wherein introducing an inert gas conprises

i ntroduci ng a nobl e gas. 3. The method of claim 1l wherein introducing
an inert gas into conprises introducing a nitrogen gas.
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CLAIMS

1. A polishing process comprising:

providing a substrate having an uneven surface characterized by high regions
and low regions with respect to a principal surface;

distributing a polishing slurry onto a porous polishing pad;

contacting the uneven surface with the polishing slurry and polishing the
uneven surface; and

injecting a slurry-free inert gas through the porous polishing pad and into the
polishing slurry distributed on the porous polishing pad before or during polishing,
such that a gaseous phase forms in regions of the polishing slurry in contact with the
low regions of the uneven surface,

wherein the gaseous phase retards a localized polish rate in the low regions

with respect to a localized polish rate in the high regions.

2. The method of claim 1, wherein injecting a slurry-free inert gas comprises

introducing a noble gas.

3. The method of claim 1, wherein injecting a slurry-free inert gas into

comprises introducing a nitrogen gas.

4. The method of claim 1, wherein injecting a slurry-free inert gas comprises

introducing a molecular gas containing carbon and oxygen.

5. The method of claim 1, wherein injecting a slurry-free inert gas through the

porous polishing pad comprises injecting through holes in the porous polishing pad.

6. The method of claim 1 further comprising flushing the substrate with

deionized water.
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7. The method of claim 1, wherein injecting a slurry-free inert gas into the
polishing slurry comprises introducing the inert gas during polishing the uneven

surface.

8. The method of claim 1, wherein providing a substrate having an uneven
surface comprises:

forming an insulating layer on the substrate, the insulating layer including an
inlay pattern therein, the inlay pattern having areas of high feature density and areas
of low feature density; and

forming a metal layer on the insulating layer, wherein the low regions of the
uneven surface overlie areas of low feature density and the high regions of the

uneven surface overlie areas of high feature density.

9. The method of claim 8, wherein forming a metal layer on the insulating

layer comprises forming a copper or copper-containing layer on an insulating layer.

10. The method of claim 1, wherein providing a substrate having an uneven
surface comprises forming an insulating layer on the substrate, and wherein

polishing the uneven surface comprises polishing the insulating layer.

11. The method of claim 1, wherein the polishing process comprises a

process carried out in the fabrication of a semiconductor device.

12. A method for polishing a substrate, the method comprising:

dispensing a polishing composition onto a surface of a porous polishing
surface;

injecting a slurry-free inert gas into the polishing composition through the
porous polishing surface;

contacting an uneven surface with the polishing composition, the uneven
surface having low regions;

polishing the uneven surface; and

selectively forming a gaseous phase in regions of the polishing composition in
spaced relationship to the low regions of the uneven surface.
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13. The method of claim 12, wherein the gaseous phase retards a localized

polish rate in the low regions with respect to the remainder of the uneven surface.

14. The method of claim 12, wherein injecting a slurry-free inert gas into a
polishing slurry comprises introducing a noble gas.

15. The method of claim 12, wherein injecting a slurry-free inert gas into a

polishing slurry comprises injecting a nitrogen gas.

16. The method of claim 12, wherein injecting a slurry-free inert gas into a

polishing slurry comprises injecting a molecular gas containing carbon and oxygen.

17. The method of claim 12, wherein injecting a slurry-free inert gas into a

polishing slurry comprises injecting an inert gas through holes in the polishing pad.

18. The method of claim 12, wherein the polishing method comprises a

process carried out in the fabrication of a semiconductor device.

19. A method for forming a polishing composition, the method comprising:

providing a polishing liquid on a porous polishing pad and introducing a slurry-
free inert gas into the polishing liquid through the porous polishing pad to form a
bubble layer at the surface of the polishing liquid; and

contacting an uneven surface with the bubble layer, wherein the bubble

concentration in the bubble layer varies in relation to features in the uneven surface.

20. The method of claim 19, wherein introducing a slurry-free inert gas

comprises introducing a noble gas.

21. The method of claim 19, wherein introducing a slurry-free inert gas

comprises introducing a nitrogen gas.

22. The method of claim 19, wherein introducing a slurry-free inert gas

comprises introducing a molecular gas containing carbon and oxygen.
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23. A polishing process comprising:

providing a substrate having an uneven surface characterized by high regions
and low regions with respect to a principal surface;

distributing a polishing slurry onto a porous polishing pad;

contacting the uneven surface with the polishing slurry and polishing the
uneven surface; and

injecting a slurry-free inert gas through a gas delivery system positioned on a
back side of the porous polishing pad and into the polishing slurry distributed on a
front side of the porous polishing pad before or during polishing, such that a gaseous
phase forms in regions of the polishing slurry in contact with the low regions of the
uneven surface,

wherein the gaseous phase retards a localized polish rate in the low regions
with respect to a localized polish rate in the high regions.
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