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t he attermpt to remove material uniformly on the scale of the semiconductor wafer so that each

20 die on the wafer is planarized to the same degree in an \::qﬁivalént period of time. The rate
of planarization for each die is preferably uniform over the entire wafer. It is difficult to
achieve both of theéé objectives simultaneously because semiconductor wafers are often
warped or curved. Some semiconductor wafers also include numerous step height
variations or protrusions, which are produced during the fabrication sequence of an

25 integrated circuit on a wafer. These height variations and the curvature and warp of the
semiconductor wafer can interfere with the uniformity of the polishing process such that
some regions of the wafer become over polished while other regions remain under
polished. |

CMP processes that employ a slurry have been' modified in an effort to overcome

30 the problem of non-uniform polishing. One such effort employs a composite polishing
pad that includes a first layer of elastic material, which is attached to a polishing table, and
a second layer of a stiff material covering the elastic layer. The second layer includes an

array of tiles separated by channel regions. The channel regions channel slurry across the
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the fi xedf abrasiye elenent includes a plurality of fi abrasi ve 30
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20 In one aspect, the invention features an abrasive article including a) a fixed -

abrasive element including a plurality of abrasive particles, b) a resilient element, and ¢) a
plurality of rigid segments disposed between the fixed abrasive elemeﬁt and the restlient
element.
In some embodiments the rigid segments are attached to one another. In other
25 embodiments the rigid segments are detached from one another. In one embodiment the
rigid segments extend from a common substrate and are at least partially defined by a
plurality of intersecting grooves in the substrate. '
In one embodiment the fixed abrasive element includes a discontinuous layer. In
another embodiment the fixed abrasive element includes a plurality of fixed abrasive
30 segments, each fixed abrasive segment being coextensive with one of the rigid segments.
In some embodiments the fixed abrasive element extends continuously across a piurality

of the rigid segments. In another embodiment the fixed abrasive element is bonded to the
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20 In another aspect, the abrasive article includes a) a fixed abrasive element

=

including i) a backing, ii) a composition disposed on a first major surface of the backing,
‘the composition including a binder and a plurality of abrasive particles, and b) 2 rigid
element bonded to a second major surface of the backing, the rigid element including a '
plurality of rigid segments. ‘.

25 - In other aspects the abrasive article includes a fixed abrasive element including a
plurality of abrasive particles, a resilient element and a plurality of rigid elements disposed
between the fixed ﬁbrasive element and the resilient element, the abrasive article being
capable of conforming to the curvature of the surface of a semiconductor wafer and being
rigid relative to a die on the surface of a semiconductor wafer.

30 In one aspect the invention features an apparatus for modifying the surface of a

_ semiconductor wafer, the apparatus including a fixed abrasive element including a

plurality of abrasive particles, a resilient element and a plurality of rigid segments
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20 sectional area, the first cross-sectional area being different from the second cross-sectional
area. In one embodiment the rigid layer includes a material selected from the group
consisting of metal and plastic.
In other aspects the invention features a method of modifying the surface of a
semiconductor wafer, the method including contacting an above-described abrasive article
25 with a semiconductor wafer and moving the‘semjconductor wafer and the abrasive article
relative to each other. In one embodiment the method further includes contactin g a first
tegion of the abrasive article with a semiconductor wafer, the first region inciuding a first
plurality of rigid segments having a first cross-sectional area, moving the semiconductor
wafer and the fixed abrasive article relative to each other, contactin ¢ a second region of
30 the abrasive article with the semiconductor wafer, the second region including a second
plurality of the rigid segments having a second cross-sectional area and moving the

-semiconductor wafer and the fixed abrasive article relative to each other. In other
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:The presence of ri.gid 20 segnents in the subpad of the abrasive article
- phvi dé’é“tﬁ‘iFse?SFlé’st?l detarticle that exhibits localized rigidity, i.e.,

the inter actw_*n%flnb@&tme@a:h&% aﬁ%b@a’?,iv%%r@élé kHak 8 @Mﬁt&é&ﬁstﬁﬂﬁ@%ﬂﬁ&h
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20 - segments in the subpad of the abrasive article provides an abrasive article that exhibits
localized rigidity, i.é., the interaction between the abrasive article and the semiconductor
wafer is rigid over an area that approximates the area of the rigid segment, which
facilitates preferentially removing material from the wafer surface at points that are high
relative to their surrounding area, i.e., an area that approximates the area Qf the rigid
25 segment, while maintaining the global wafer-scale topography on the wafer surface. The
abrasive article is also capable of polishing a semiconductor wafer so as to minimize the
degree of edge exc;lusion present on the surface of the wafer, and maximize the useful
region of the wafer.
The segmented rigid element, when combined with a fixed abrasive element,
30 provides enhanced wafer uniformity while maintaining good planarization.
The segmented rigid element provides a mechanism for managing the competing

requirements of local non-uniform material removal, which is necessary for planarization,
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Fig. 1nvephorig. 3 is a schematic cross sectional view of an abrasive

ticl j di f the j tion. Figs. 4a-4
re perspedib s el PR AR SrRAT: ol it SN Ph P Aasae e o (o a

schemﬁg_q.cross sectional view of a portion of an abrasive article
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15 Fig. 6 is a schematic cross sectional view of a portion of an abrasive article
according to a fourth embodiment of the invention.
Fig. 7 is a top view of interdigitated rigid segments according to one embodiment
of the rigid element.
Fig. 8 is a schematic cross sectional view of an apparatus for modifying the surface
20 of a substrate.
Fig. 9 is a top view of a segmented rigid element.
Detailed Description of the Preferred Embodiments
Referring to the Figures, wherein like numerals are used to designate like features
throughout and first to Figs.1-3, there is shown a fixed abrasive article 10 that includes a
- 25 fixed abrasive element 14 in the form of a layer disposed on a subpad 2 that includes a
relatively more rigid element 34 disposed between the fixed abrasive element 14 and a
relatively more resilient element 26. The fixed abrasive element 14 is bonded to the rigid
element 34 through an adhesive composition 24. The rigid element 34 is bonded to the
resilient element 26 through an adhesive composition 28. The abrasive article 10 further
30 includes a layer of adhesive composition 30 disposed on the bottom surface of the resilient

element 26 for use in attaching the abrasive article to a machine platen. The abrasive
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segments have a cross-sectional area taken in a plane of the segment that is parallel to the
working surface of the abrasive article that is no greater than about 400 mm’,
The rigid segments 22 are separated from one another by grooves 32 extending
into the depth of a rigid element 34 and across the surface of the rigid element 34. The
25 grooves 32 render the rigid element 34 relatively more flexible than the n'gid element
without the grooves such that the rigid element 34 as a whole is capable of conforming to
the surface of a semiconductor wafer while the individual segments 22 remain rigid.
The depth to which the grooves 32 extend into the rigid element 34 can vary. The
; rigid element can include, e.g., grooves 32 that extend into the rigid element 34, through
30 the rigid element 34, through the rigid element 34 and into the underlying relatively more
resilient element 26, through the rigid element 34 and through the underlying relatively

more resilient element 26, and combinations thereof. As a groove 32 extends farther into
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CMP processes, the nom nal pressure at the wafer 20 surface is

£ont r oPraee kyrontrplied hy ippesiag piesyne omhekack sidecd thyf wafee Fiort wider For
wi der grooves, the fraction of the total plan area occupied by the rigid segments is reduced.

Since pressure is transmitted through the rigid segments, the total force exerted on the
back side of the wafer is transmitted through a smaller total area relative to an
unsegmented rigid element and the nominal pressure at the tops of the rigid segments,

25 where material removal processes occur, is increased. In such circumstances, the nominal
pressure exerted on the segments and transferred to the semiconductor wafer can be
controlled by changing the percentage of segments, e.g., if 50% of the plan area of the
rigid element includes segments, the average pressure at the process surface increases by a
factor of 2 over the nominal applied pressure. The effect of groove width on the process

30 pressure is another factor to be considered in choosing groove width.

The shape of the groove is defined by at least one side wall, e.g., a continuous

arcuate side wall, and can be defined by two or more side walls including, e.g., two
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the se gl’ 8&9‘1‘&&&8&@%&%&”&‘&' 6% having different dimensions (e.g., cross-sectional
area), spacing or shapes, and located in different regions 68a, 68b and 68¢ on the rigid
element. ’

The rigid element is preferably in the form of a layer that is coextensive with the

25 abrasive element and the abrasive element preferably extends across the rigid segments
and the spaces, i.e., the grooves, between the rigid segments. The segmented rigid
element can be in a variety of forms including, e.g., a round disk and a continuous web,
e.g., a belt. '

, The material of the segmented rigid element is selected in combination with the

30 material of the resilient element and rigid segment geometry to provide an abrasive
construction that exhibits uniform material removal across the surface of the substrate to

be modified, and good planarization of lithographically producéd features.
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is selected based upon its nodulus and the desired properties of the
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materials includihg, e.g., organic ol yners, ‘i norgani'c pol yners,
cer am @elystyeanes.spolyalefins ippé@ediumcdafgﬂx pplyivimyk chlorides] and copolymers
20 thereof. Suitable thermosetting polymers include, €.g., epoxies, polyimides, polyesters,
and copolymers thereof (i.e., polymers containing at least two different monomers
including, e.g., terpolymers and tetrapolymers).
The polymer of the rigid element may be reinforced. The reinforcement can be in
the form of fibers or particulate material. Suitable materials for use as reinforcement
25 include, e.g., organic or inorganic fibers (e.g., continuous or staple), silicates, e.g., mica or
tale, silica-based materials, e.g., sand and quartz, metal particulates, glass, metallic oxides
and calcium carbonate, or a combination thereof.
Metal sheets can also be used as the rigid element. Suitable metals include, e.g.,
aluminum, stainless steel and copper.
30 Particularly useful rigid materials include poly(ethylene terephthalate),
polycarbonate, glass fiber reinforced epoxy boards, aluminum, stainless steel and IC 1000

(available from Rodel, inc., Newark, Del.).
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20 Measuring the Dynamic Mechanical Properties of Plastics in Compression) is a useful
method for measuriné the Young’s Modulus of resilient material, whether the resilient
element is one layer or a laminated element that includes multiple layers of materials. The
Young’s Modulus of the resilient element is deterniined according to ASTM D5024-94 in
the thickness direction of the material at 20°C and 0.1 Hz with a preload equal to the |
25 nominal CMP process pressure. -

Suitable resilient materials can also be selected by additionally evaluating their
stress relaxation. Stress relaxation is evaluated by deforming a material and holding it in
the deformed state while the force or stress needed to mé.intain deformation is measured.

‘ Suitable resilient materials (or the overall resilient element) preferably retain at least about
730 60% (more preferably at least about 70%) of the initially applied stress, after 120 seconds.

This is referred to herein, as the “remaining stress” and is determined by first compressing

a sample of material no less than 0.5 mm thick at a rate of 25.4 mm/minute until an initial
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elastomeric foam tape (Minnesota Mining and Manufacturing Company, St. Paul, MN),
EO EVA foam (Voltek, Lawrence, MA), EMR 1025 polyethylene foam (Sentinel
Products, Hyannis, N.J.), HD200 polyurethane foam (Illbruck, Inc. Minneapolis, MN),
MC8000 and MCB000EV A foams (Sentinel Products), SUBA IV Impregnated Nonwoven
25 (Rodel, Inc., Newark, DE).

Commercially available pads having rigid and resilient elements that are used in

slurry polishing operations are also suitable. An example of such a pad is available under
the trade designation IC1000-SUBA IV from Rodel, Inc. (Newark, Delaware).
The abrasive element 14 of Figs. 1 and 3 includes a plurality of abrasive particles
30 in fixed position in a binder, optionally bonded to a support 18, e.g., a backing. Preferably
the abrasive element is a textured, three-dimensional, fixed abrasive element that includes

a number of composites 16 of abrasive particles disposed in a binder and bonded to a
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b e the fixed abrasive e components can
onded together through processes including, e.g., thermal bonding, ultrasonic

welding, microwave-activated bondin g, coextrusion of at least two components of the

abrasive article, and combinations thereof.,

Useful adhesives include, e, g, pressure sensitive adhesives, h(:)t melt adhesives and
glue. Suitable pressure sensitive adhesives include a wide variety of pressure sensitive
adhesives including, e.g., natural rubber-based adhesives, (meth)acrylate polymers and
copolymers, AB or ABA block copolymers of thermoplastic rubbers, e, 2., .'
styrene/butadiene or styrene/isoprene block copolymers available under the trade
designation KRATON (Shell Chemical Co., Houston, Texas) or polyolefins. Suitable hot
melt adhesives include, e.g., polyester, ethylene vinyl acetate (EVA), polyamides, epoxies,
and combinations thereof. The adhesive preferably has sufficient cohesive strength and
peel resistance to maintain the components of the fixed abrasive article in fixed relation to

each other during use and is resistant to chemjcal degradation under conditions of use
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bei ng M3 roll on take up and unwi nd rollers. THCEHUSHAYTE
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ar t i cI'hi$ yrangeaent maybe dasirable foxatvanietycof plirposay inehelisg) (ﬂ:.g.,sinh%ﬂhﬁhgﬁt to

chem i on_under condi ti.ons use. 2 2 JUN 2005 WD 02/ 074490
PCT/ u@g"’lﬁ’ ?@g@gg&fﬁ S'i#n caﬂd‘rda‘&?k‘)&a%sﬁ'@g[s wehprapewics farlndinga e\garthety of - -
Ifechanewsf fediliedty SEIMEREN1SR eferii Al : L0g.platen
used in chem cfal 1gnechani éél glpeanar :a}zlgtﬁ}e?r??&%%l}@f%&fﬁ% &ﬁ;ﬁ%be °l§grf’?8 Ive
or nedamweatar teasfer. i ncl uding, e.g., placement pins, retaining ring,
tension, v r conbi natiop theregf. 5 The abrasive article can be
adapt ed f o?ﬁg';g;ﬂf“ﬁu%i’/“ EBRsERtug, Oi‘grﬁl FHing a subssratecthat igckudes p amper
machi REweba sk Ush, 3G viees ' nt)&g, LR LBhing -pad d | oose
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nachi AeSPEdIvelClandiadaite-upMadiea i c31 arfd 60) acspaetivedy) WebBD inBRIdESh abrakivabl e

' fals,.. Inc.
2br om é‘fé%e'n? gS 'é)/?h%ci Sbrasive ngpcgs??eg t6% bonded to a backing 62. Web 54 includes a
number of rigid segments 64. Web 54 is capable of being rolled up due to the reduced

flexural rigidity of the rigid element that results from segmenting the rigid element. Web
56 includes a resilient element 66. The individual webs 52, 54, 56 can move
independently of one another, e.g., the abrasive web 52 is capable of moving

25 independently of the segmented rigid web 54 and the resilient web 56. Individual webs
52, 54, 56 can also move at the same speed or different speeds and at least one web can
remain stationary while another web moves. Alternatively, at least two of the webs 52, 54
56 can be in a fixed relationship to each other, e. g., bonded together, and capable of
moving as a single unit. The individual webs can be held stationary using mechanisms

30 that include, e.g., exerting tension using the wind and unwind rollers, applying forces at
the edges of the webs by a variety of mechanisms including, e.g., vacuum hold-down to

the machine platen, and combinations thereof.
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i ncl udiwig02/674g9¢ the resilient elenment,  the abrasive eél(g,ﬁggt, ‘t_he
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to anot her conponent either during Oor before and after wafer surface

" frodification. This arrangenment may be desirable for a variety of
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different regions on the segnented rigid web. In addition or
alternatively, the apparatus 50 may,J nclude an abrasive web SSZZthZNE
i ncludes regions in which the textured, fixed abrasive conposites 60
have a nore aggressive abrading property, and regions in which 10 the
textured, fixed abrasive conposites 60 have a | ess aggressive abrading
proper tWhatWélgimed 8y result from e.g., the abrasive web fabrication
process or use in a previous polishing operation. The mechani smt hat
control s the novenent of the sem conductor wafer relative to the

abrasive article can he preprogramred such that the wafer contacts the
vari oud: r egiSHAPTYVE HHClRKPMPOMISWEL  t i ¢l e according to a predeter mi ned

surface modig yﬁ%ﬁ%ﬁ@&%@ﬁ&@?@@@lﬁaﬂgﬁf 2Bl Haffdes;

nodi fication: e rasive artic pparatus can be useéd in a
vari ety of &g meilidgncélemenabved surface nodi fying processes including
those met hods descrjbed in, e.g., US. Patent Nos. 5,958,794
(Bruxvoort & aplusality,ef Bgideeements disposed betyesn said dixed ebrasive element and

enbodi nent s j: 1 hi 8,.:416. 2 2 JUN 20 t is claimed is:
1 An abrasi \s/’%ag?s\t{\tllé{a gﬁcl:%eﬁgrv?ﬂs??é r%‘g@mgf‘%édz?eﬁl%ga ¢ %ga‘cge\ég]& Wﬁm'
conprising a plurality of abrasive particles; b) a resilient elenent;
and c) a plurality of rigid segnents disposed between said fixed

abrasi de el dieabrasayecprtielgicgmpesingi ent el enent, wherein said rigid

segnents are, attachgd to gne another. 2. An.abrasive article

conpri si ng: %21)3 Qxﬁ]ﬁi’éﬁ‘%ﬁs@ﬁ&%@mtﬁ pc!'ﬂfﬂBS’l ‘Efﬁaﬁﬁsﬁ’epﬂ §ty of
abrasi ve pasjigieSitient dlementt &fd | i ent el enent; and c) a plurality of
rigid segnents disposed between said fixed abrasive elenent and said

resilient ekerepluralighefrgid segients digpabed betwean said fixed dbfasivene e nentramh
substrate and,are.a ‘eas art.ial.l %gdfﬁs i ned b{ a.plurality of

i ntersecti n@mﬂf?@\‘ﬁ@éeeﬁwn Arigrely paid rigidsegments extend acemmog, o
conpri si ng: sgYstrateldnd ' @éﬁ-{éh Hotirafiy ¥ i ' f:

abr asi ve parst iscl gs; %ge)ﬁgééggfiﬁﬁa@\t e er?g(r%t; an%)lﬁgg%ﬁﬁﬁrw\&egé?

ri gi d segnmesaid substratessed bet ween sai d fi xed abrasive el enent and said

resilient elenent, wherein said fixed abrasi ve el enent extends
continuously across a plurality of said rigid

3. An abrasive article comprising:
a) afixed abrasive element comprising a plurality of abrasive particles;
b) aresilient element; and
¢) aplurality of rigid segments disposed between said fixed abrasive element and
said resilient element,
wherein said fixed abrasive element extends continuously across a plurality of said rigid

segments.

4. An abrasive article comprising:
a) a fixed abrasive element comprising a plurality of abrasive particles;
b) aresilient element; and
¢) a plurality of rigid segments disposed between said fixed abrasive element and
said resilient element, wherein said rigid segments comprise a top surface, a side
wall and a union disposed between the top surface and the side wall, said union
being beveled.



segnents. 4. An abrasive article conprising: a) a fixed abrasiveg JUN 2008
el ement conprising a plurality of agﬁasive particles; b) a resilient

el enent; and c) a plurality of rigid’‘segnents di sposed between said
fixed abrasive elenent and said resilient elenent, wherein said rigid
segnents conprise a top surface, a side wall and a union di sposed

bet weeR, t he AnOibrgsive i€leBAprBiAgsS! de wal |, said union being beveled. 2
2 JUN 2005 17 5. An abrasive article conprising: a) a fixed abrasive

el ement conp) i sfixed abradive eleinent compaisingsi pheraprafiabtasive patticles; r esi | i ent
el enent ; angqlgg a. plurali tyarg{i rigid segnents di sposed between said

fixed abrasPye BFlsRtSlementand; 4 resilient el enent, wherein said rigid

segnments co Er rd prality OPrigikl'sERbnts éis?&s‘é& betRleh sailtHked abiEE efbnRAP 2R

bet ween the top surfiace and Side wall, said union being curved. 6. An
abr asi ve ar saidIresiliawplementy gvhesdin saifl rigetseginensicompekeatop surfanpaissdeng a
plurality of abrasive particles; b) a resilJient, element;..and c) .a
Dl ity oMl gita UghaipasediehuesBibe o RN s s Wb Saidn R et

el enent and hd resilient elenment, wherein said rigid segnents are
interdigitating. 7. An abrasive article conprising: a) a fixed abrasive
el ement conprising a plurality of abrasive particles; b) a resilient

el enent; and c) a.plurality of rigid segnents di sposed between said
fixed &brasApabsasiyeeaticl campasing: resilient el enent, wherein said rigid

segnents areys . : &1 fs hdal , conical,
cylindrical ?3) ffﬁgﬁ%?ggkhgﬁr%@gggggﬁggw%%gvgiﬁ’aﬁemr#épher| cal ,
and ot her fbysd fesiliént Aemaditt &gl ve article conprising: a) a fixed
abrasive elenment. conprising i) a backing; ii) a conposition disposed
on a first fhjopluslity atagidsegments dispased hetween said fixed abrasive element and

said resilient element, wherein said rigid segments are interdigitating.

7. An abrasive article comprising:
a) a fixed abrasive element comprising a plurality of abrasive particles;
b) aresilient element; and
c) aplurality of rigid segments disposed between said fixed abrasive element and
said resilient element, wherein said rigid segments are selected from the group
consisting of pyramidal, conical, cylindrical, frusto-conical, frusto-pyramidal,
frusto-hemispherical, and other frusta.

8. An abrasive article comprising:
a) a fixed abrasive element comprising

i) a backing;

ii) a composition disposed on a first major surface of said backing,
said composition comprising a binder and a plurality of abrasive
particles; and

b) arigid element bonded to a second major surface of said backing, said rigid

element comprising a plurality of rigid segments.

9. The article of claim 8, wherein said rigid segments are attached to one another.



sai d conposition conprising a binder and a plurality of abrasizg UN%ﬂE
particles; and b) a rigid elenent boypgded to a second maj or sur d% 0
sai d backing, said rigid elenent coﬂgrising a plurality of rigid
segnents. 9. The article of claim8, wherein said rigid segnents are
attached to one another. 2 2 JUN 2005 18 10. The article of claimS8,
wher ei ngsai dThd ghidleTURMIE Whtheanshid Fgid RemeneRend KM 4 86mARd are at
| east partially defined by a plurality of "I ntersecting grooves in said
subst r substraielandTire atleast phrtially defimédrby pluiabityeofrintessedting griodvesdgrsaidt s ar e
det ached, from one another. 12. The article of claim8, wherein said
fixed aHPSI®%e el enent conprises a discontinuous |ayer. 13. The
article of claim8, wherein said fixed abrasive el enent conprises a
plurality of fixed abrasive segnents, each fixed abrasive segnent

bei ng ddext efgiavticlevof Elaimn 8, whereinasaidl rigid sebnsed@n@oidsiaciell from @naahsthére of
claim8, wherein said fixed abrasive el enent extends continuously
across a plurality of said rigid segnents. 15. The article of claim8,

wher ei i Gafi Xxe ' I t ' t ext d
i eo. dPrendsfely BEURR B ufofialo AGARRAEE pbbhBliess o1 im s,
wher ei ifigahimicdus gepbr asi ve el enent conprises a plurality of

t hr ee- di nensi onal "fi xed abrasive conposites.
13.  The article of claim 8, wherein said fixed abrasive element comprises a plurality
of fixed abrasive segments, each fixed abrasive segment being coextensive with one of

said rigid segments.

14.  The article of claim 8, wherein said fixed abrasive element extends continuously

across a plurality of said rigid segments.

15.  The article of claim 8, wherein said fixed abrasive element comprises a textured,

three-dimensional fixed abrasive element.

16.  The article of claim 8, wherein said fixed abrasive element comprises a plurality
of three-dimensional fixed abrasive composites.





