CHEMICAL-MECHANICAL PLANARIZATION PAD Cross-Reference To Related Applications
[0001]This application claims the benefit of U.S. Provisional Patent Application 5Serial No. 61/017,952,
filed on December 31. 2007, which is fully incorporated herein by reference. Field of Invention
[0002]The present invention relates to a chemical-mechanical plan anon (CMP) 10pad with an
adhesive layer having dual functionality. Background [0003]Conventional polishing pads for
chemical-mechafigdPpaiiarization (CMP) may include a composite of adfirgsjpesioess7ar filler-dispersed
polymeric layer stacked with a 15second, soft layer. As reported in U.S. Patent No. 5,257,478, the soft
second layer has what was termed as a different hydrostatic modulus from the first layer and serving
as a pressure equalizer to provide equal pressures across the semiconductor surface for uniform
polish. When the second soft layer in a CMP pad is absent the uniformity of the polished wafer may

deteriorate. 20[0004]A third layer of adhesive may be applied to the second layer for the purpose of
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[0001] This application claims the benefit of U.S. Provisional Patent Application
5 Serial No. 61/017,952, filed on December 31, 2007, which is fully incorporated herein by

reference.,

Field of Invention

(00023 The present invention relates to a chemical-mechanical planarizatdon (CMP)

10 pad with an adhesive layer having dual functionality.

Background

[0003] Conventional polishing pads for chemical-mechanical planarization {CMP)
may inctude a composite of a first porous or filler-dispersed polymeric layver stacked with a
15  second, soft layer. As reported in U.S. Patent No. 5,257 478, the soft second layer Iias what
was termed as a different hydrostatic modulus from the first layer and serving as a pressure
equalizer to provide equal pressures across the semiconductor surface for uniform polish.
When the second soft jayer in a CMP pad is absent the uniformity of the polished wafer may

deteriorate.

20 [0604] A third layer of adhesive may be applied io the second layer for the purpose of
attaching the composite pad to the polishing tool. However, the use of a three layer structure
in the conventional pad may increase the risk of separation or delamination between layers
during polish. In addition, the three layer structure may entrap air bubbles or extranecus
contaminants between layers resulting in difficult to detect protrusions on the pad surface,

25  which may lead to scratching defects and non-uniformity of polish.



attaching the composite pad to the polishing tool. However, the use of a three layer structure in the
conventional pad may increase the risk of separation or delamination between layers during polish. In
addition, the three layer structure may entrap air bubbles or extraneous contaminants between layers
resulting in difficult to detect protrusions on the pad surface, 25which may lead to scratching defects
and non-uniformity of polish. Summary 100051An aspect of the present disclosure relates to a
polishing pad, comprising a polymer layer inclG8§"4 Hree-dimensional network and an adhesive
layer disposed on the entirety of said polymer layer to equalize pressure across the pad surface and to

provide #AY8lostatic MbdsRrSOPT the SUESPR| dikelrwampslatsetd st aohidssarpadf koBPrssIZ100061A

further aspegielales ipamethodialalixingapelisbingraddas 5@9133&%9%@ RELAGAANNE @ Polishing
pad to a'tool wherein thg EO“Shlng pad includes a polymer layer, having a three-dimensional network,

and an &aHegy e fayed ddietie eqirety orsairpataertwyprdoadeetdizad e uradscioss the
pad surfpce-angH{o.pEAvIde Srvdrasials Meadulg, gl 209 Pﬁsﬂﬂ@@ﬁpm@@?%d at a pressure of 1
es

to 50 psi."[0007]Another aspect of the present disclosure relates to a-method of fonuing a polishing

pad comptigi]g ProvidingiaRalyRastayrbaving afturrrdimeasionaknsinark thesainagdadhering an

adhesive layer disposed on the entirety of said polymer layer to equalize pressure across the pad

surface SHHREPE\AEBE RS drBetiig BakifGsioioriavBersipsthn metiingrad daeludes pRelsthe of | to 50
psi. Brief-Dgseription Lfrawings {0808 Lheoaborer menionss:angpthesfeafuresefdhizdlisglosure,

and the manner of attaining them, will become more apparent and better understood by reference to
the folloWAKGRICERSPHBIEDIR SHBHHA HEs HBS At s ErfaRdAch BshjarvnuiinarEestatismpanying

drawings, b arett HSs doipusiatascan sicanpla 9HaGMR padisoniesplated herein,

{00671 Another aspect of the present disclosure relates to a method of forming a
polishing pad comprising providing a polymer layer having a three-dimensional network
therein and adhering an adhesive layer disposed on the entirety of said polymer layer to
equalize pressure across the pad surface and to provide a hydrostatic modulus of 1 to 500 psi

when compressed at a pressure of 1 to 50 psi.

Brief Description of Drawings

[0808] The above-mentioned and other features of this disclosure, and the manner of
attaining them, will become more apparent and better understood by reference to the
following description of embodiments described herein taken in conjunction with the

accompanying drawings, wherein:
FIG. 1 illustrates an example of a CMP pad contemplated herein.

FIG. 2 illustrates an example of a CMP pad contemplated herein.



FIG. 2 illustrates an example of a CMP pad contemplated herein. Detailed Description [0009]The
present invention relates to a polishing pad including a first porous or filler-dispersed polymer layer.
Instead of stacking to a second soft layer, however, the first layer may be stacked directly to a
composite, having the ability to equalize pressures across 5the semiconductor surface. The composite
may include one or more adhesive layers as well as an additional layer positioned between the
adhesive layerd¥f00a0Rssne example, illustrated in FIG. 1, a composik€Thatpgssesses pressure
equalizing ability across the semiconductor surface during polish may include a sheet 12 including one
or more layers 14, 16 of an adhesive coated onto the surfaces of the sheet. The 10composite may be
adhered to the polymer layer 20. The resulting composite may exhibit an overall hydrostatic modulus
from | to 500 psi, including all values and increments therein, when compressed under a pressure of 1

to 50 psi, including all values and incremeBg%m%%iréﬁFtor example, the range of hydrostatic modulus

may be from 150 to 250 psi, when compressecf un er%’ﬁ?essure of 1 to 10 psi, which may be broadly
employed duringp®MP of Ihsemiconectctarmaferss folkhibklhie pahimer fayesmay:be formed by

including a thregrdimensiepal Retwark afselubleehinselublesnaterials dispersed.ar at least partially

[ inder. The :
encapsulated I?a)?crt?llig)g ge stackgd directly to a composite, having the ability to equalize pressures across

5  the semiconductor surface. The composite may include one or more adhesive layers as well

as an additional layer positioned between the adhesive layers.

10010} In one example, iilustrated in FIG. 1, a composite that possesses pressure
equalizing ability across the semiconductor surface during polish may include a sheet 12
inciuding one or more layers 14, 16 of an adhesive coated onto the surfaces of the sheet. The
10 composite may be adhered to the polymer layer 26. The resulting composite mav exhibit an
overall hydrostatic modulas from 1 to 500 psi, inciuding all valnes and increments therein,
when comprassed under a pressure of 1 to 50 psi, including all values and increments therein.
For example, the range of hydrostatic modulus may be from 150 to 250 psi, when
compressed under a pressure of 1 to 10 psi, which may be broadly employed during CMP of

15 semiconductor wafers.

[6011] The polymer layer may be formed by including a three-dimensional network
of soluble or insoluble materials dispersed or at least partially encapsulated in a binder, The
polymer material may be in the form of particles, fibers and/or fabrics. The binder may
include a polymer material. such as a polyorethane. The binder may exhibit a hardness H;

20 thatis greater than the hardness Hy of the three-dimensional network materials.

[0012] In one exampie, the three-dimensional network may be placed into a moid
cavity and the binder material may also be poured into the mold cavity. Heat and/or pressure
may be applied to the binder and three-dimensional network mixture in the mold cavity and
the polishing pad may be formed. Additional heating and/or curing steps may be employed
25 in the formation of the pad as well. Furthermore, the pad may also be abraded tw expose the
three-dimensional network contained or encapsulated therein. In some examples, all or a
portion of the three dimensional network may be removed from the pad providing a relatively

porous three-dimensional network in the polymer layer.

[0013] As alluded to above, the composite may include one adhesive layer,

30 Accordingly, attention is next directed to FIG, 2, which illustrates another exemplary



polymer material may be in the form of particles, fibers and/or fabrics. The binder may include a
polymer material, such as a polyurethane. The binder may exhibit a hardness 11] 20that is greater
than the hardness H2 of the three-dimensional network materials. [0012]In one example, the
three-dimensional network may be placed into a mold cavity and the binder material may also be
poured into the mold cavity. Heat and/or pressure may be applied to the binder and three-dimensional
network mixturavimaleeesasdtd cavity and the polishing pad may be formeeL7Agditiomaéheating and/or
curing steps may be employed 25in the formation of the pad as well. Furthermore, the pad may also
be abraded to expose the three-dimensional network contained or encapsulated therein. In some
examples, all or a portion of the three dimensional network may be removed from the pad providing a
relatively porous three-dimensional network in the polymer layer. [0013]As alluded to above, the

composite may, iclude,qne adiesive jayer, 30accordngly, alteriion is nex! dirgted to FIG. 2, which
illustrates another exemplary’ em odiment herein, which contains adnesive ayer 16 adhered to the

first porous or filfeEraisPSraed BB ér Iy 2orraiia) BE gpinberitale reefidemiBodiment, the use of
the sheet 12 m#yrhe wvoided. Howevemongenagain rsuthecsesutinggompasiesmay be configured to
FXhibii gn overaﬁhquﬁ%@&igamgﬂm#sntﬁmshﬁ 539%&&%%%}&@@0&@%&?#3@ O|f| theI 5 adhcejsive
ayer 16 and palymer layer 20..Such values, o rostatic modulus again inclu values an
ingrementsgbetsvéeesﬂ]elfg%é %glld (L)éiveﬁ?iﬂc%}ﬁgpéssggavéﬁgeor%%?%gélﬁrnéof%?‘is %%8%%‘%[0014]“ may be
appreciated that, B With FETRFERCETE R IS 01 PHh & 5B AR IU AP A8t 1y oAt 08 of the sheet may or
may not be thepsame as the adhesive 16 applied to the 10opposite side of the sheet. In one

embodiment, tq&of}ﬁjhesIVeIt%n%}%pal]gggecggteodr?l?atﬂc.ige v%htg?erence to FIG. 1, the adhesive 14

applied to one side of the sheet may or may not be the same as the adhesive 16 applied to the
10 opposite side of the sheet. In one embodiment, the adhesive 14 applied to one side of the
sheet may exhibit a 180 degree peel strength (PS;) greater than 2.5 Ibs/inch in accordance
with ASTM test standard D903-98(2004). The adhesive 16 applied to the opposite side of the
sheet may exhibit a lower 180 degree peel strength (PS2) of 1 to 1.5 Ibs/inch in accordance
with the above ASTM standard Accordingly, the peel strength of the adhesive 14 may be
15 greater than the peel strength of the adhesive 16 and PS1 may be greater (>) than PS,, .

0015} in one embodiment, the adhesive applied to one side of the sheet may be
acrylic based and the adhesive applied to the other side of the sheet may be sourced from a
different polymer component, such as a diene type elastomer. The diene type elastomer
adhesive may be cross-linked to increase its cohesive strength. Furthermore, the acrylic

20 based adhesive side may be attached to the polishing pad while the diene type elastomer
based side may be attached to the polishing tool surface. At the end of polishing, the pad
may be relatively easily detached from the polishing tool due (o the lower peel strength and
higher cohesive strength. This may prevent adhesive residue from being left on the ool

surface.

25 [6016)] Accordingly, the adhesives may include, but are not limited te, one or more
materiais such as polybutadiene and polyisoprene elastomers. The polyisoprene may be
natural (e.g., cis-1,4 polyisoprene) or synthetic, In addition the adhesives may include acrylic
elastomers and/or polyurethane type elastomers. In addition, it is contemplated that the
adhesives may include, epoxy type polymer systems and/or polyimide type systems, such as

30 bismaleimide type adhesives. The adhesive or adhesives may be applied at a thickness in the

range of 1 mil to 200 mils, including all values and increments therein, such as in the range of



sheet may exhibit a 180 degree peel strength (PSI) greater than 2.5 Ibs/inch in accordance with ASTM
test standard D903-98(2004). The adhesive 16 applied to the opposite side of the sheet may exhibit a
lower 180 degree peel strength (PS2) of Ito 1.5 Ibs/inch in accordance with the above ASTM standard
Accordingly, the peel strength of the adhesive 14 may be 15greater than the peel strength of the
adhesive 16 and PSi may be greater (>) than PS2. [0015]In one embodiment, the adhesive applied to
one side of the 8keevrvfassbe acrylic based and the adhesive applied torthasthenside of the sheet
may be sourced from a different polymer component, such as a diene type elastomer. The diene type
elastomer adhesive may be cross-linked to increase its cohesive strength. Furthermore, the acrylic
20based adhesive side may be attached to the polishing pad while the diene type elastomer based
side may be attached to the polishing tool surface. At the end of polishing, the pad may be relatively

easily detached from ;@gipggsqinegaéggslwgu% to the lower peel strength and higher cohesive strength.
This may prevent adhesive résugue‘ fom Baing TR Bn e oo rRiHAC S8 RSB ta At dingly, the
adhesives may it iaB " BUEATE G RIEES O biEIHE HOO T drIE s Uehcas olButadiene and
polyisoprene elastomeysirkniée polyigoprenamiay<pe natural (e.g., cis-1,4 polyisoprene) or synthetic. In

addition the adhesives may include acrylic elastomers and/or polyurethane type elastomers. In
addition, it is cctlr’ﬁg’r\wﬁplate?(lfﬁ%\ efﬁlé‘aé{d%%us%&t%ﬁﬁ? TREIETHE, BHSXY B BBRmEP & stems and/or
polyimide type RYSIEREISRSH 4y BObIRMETEntide tfseralinedivedy Fiteaerd brisivéonr adhesives may be
applied at a thiekressniittiessange b mikip206:miks; drelutingalbyaiues, arddngrements therein,
such as in the R@&gﬁo?ﬁoﬁm\m:llet%%gc@?ﬂy Rl i]ik]@dﬁkgQ%Nﬁt%?%?ﬁﬂ@@?éiE@r@é}-y_@ﬁgS Spray or coating
processes, sucl g5 dip Gpating, sereen prining, tyetse ol coafing, 9ap Goating, metering rod
coating, slot die coating, air knife %oaﬁng, spray coaﬁng, etc. °

therein, such as from 1 to 100 mils.

10 [0018] As may be appreciated from the above, the present disclosure relates to a
polishing pad that may compietely bypass the need for a second pressure equalizing laver as
in the pads of the prior art. The composite layer containing the adhesive as disclosed herein
may efficiently provide the dual function of an adhesive and a pressure equalizer.
Accordingly, it may be appreciated that the pad herein may consist of a polymer layer

15 including a three-dimensional petwork and a composite layer having the ability to equalize
pressure across the pad surface, including a first adhesive wherein said composite exhibits a
hydrostatic modutus of 1 f0 500 psi when compressed at a pressure of 1 to 50 psi, with no
other components necessary for such pad performance. The composite layer in the pad may
atso only include a sheet including a first side and a second side, a first layer of said first

20 adhesive disposed on said first side of said sheet and a second layer of a second adhesive

dispesed on said second side of said sheet.

{00197 The foregoing description of several methods and embodiments has been

presented for purposes of illustration. It is not intended to be exhaustive or to limit the claims

to the precise steps and/or forms disclosed, and obviously many modifications and variations
25 are possible in light of the above teaching. It is intended that the scope of the invention be

defined by the claims appended hereto,



[0017]The sheet may include, but is not limited to, one or more materials such as 5 polypropylene,
polyethylene, polyester, polyamide, polyimide, polyurethane, polysulfone, styrene and their solid and
foam configurations. The sheet may also be a fabric, including woven or non-woven fabrics, or foam
including a plurality of gas filled cells or pores. The thickness of the sheet may range from 0.1 to 500
mils inclufhg!lS/alues and increments therein, such as from | to 100 mils. 10[0018]As may be
appreciated from the above, the present disclosure relates to a polishing pad that may completely
bypass the need for a second pressure equalizing layer as in the pads of the prior art. The composite
layer conthining hePHHRERA S8 eREEBERd herein may efficiently provide the dual function of an
adhesive and a phegsuite legriadizediccoraintjycitimay reesagprediated that the pad herein may consist

ofa polymer layer, Andnelidnoa e dmensipodl st ong acormosialayeriaingdue abiy

to equalize pressure across the surface, including a first adhesive wherein said composite exhibits
a hydrostéticoatouiliess atditerBonipaindrerdissbdece At e BE NG PR SH S R RIFIT Other
componegts pesgssary for such pad performance. The composite layer in the pad may also only
include a sheet including a first side and a second side, a first layer of said first 20adhesive disposed
on said first side of said sheet and a second layer of a second adhesive disposed on said second side
of said shzet. [0QL9]Fdiaiarepeing cdescriptidrrehseié thtandthodscandnermbddismniesshagrivdbn
presented I)%Lgyrposes of illustration. It is not intended to be exhaustive or to limit the claims to the
precise st%ps and/or forms disclosed, and obviously many modifications and variations 25are possible
in light of the above teaching. It is intended that the scope of the invention be defined by the claims

appendedsheretor GlofiiMs: FeddRMishing Radincampeisisge Rpslymeriayasdacluding a
three-dimensional network; and
4. The polishing pad of claim 1, wherein said polymer layer includes a binder material having
a first hardness H; and said three-dimensional network exhibits a second hardness H,, wherein H; >

H,.

5. The polishing pad of claim 1, wherein said adhesive layer is provided by a first adhesive
disposed on a first side of a sheet including said first side and a second side, and further comprising

another adhesive layer of a second adhesive disposed on said second side of said sheet.

6. The polishing pad of claim 5, wherein said first adhesive exhibits a first 180 degree peel
strength PS; and said second adhesive exhibits a second 180 degree peel strength PS;, wherein
PS>PS,;.

7. The polishing pad of claim 5, wherein said first adhesive is acrylic based and said second

adhesive is a diene type polymer, wherein said first adhesive is affixed to said polymer layer.

8. A method of affixing a polishing pad to a tool, comprising:

adhering a polishing pad to a tool wherein said polishing pad includes a polymer layer
having a three-dimensional network, and an adhesive layer disposed on the entirety of said polymer
layer to equalize pressure across the pad surface and to provide a hydrostatic modulus of I to 500 pst

when compressed at a pressure of 1 to 50 psi.



an adhesive layer disposed on the entirety of said polymer layer to equalize pressure across the pad
surface and to provide a hydrostatic modulus of 1 to 500 psi when compressed at a pressure of 1 to 50
psi. 2. The polishing pad of claim 1, wherein said three-dimensional network is at least partially
porous. 3. The polishing pad of claim 1, wherein said adhesive layer is acrylic based. 4. The polishing
pad of claim 1, wherein said polymer layer includes a binder material having a first hardness HI and
said threeydimengippalngtwoik:exnipits:asesonshbardngss isnwhergin H1> H. 5. The polishing pad
of claim 1, wherein said adhesive layer is provided by a first adhesive disposed on a first side of a
sheet including said first side and a second side, and further comprising another adhesive layer of a
second adbesivagispased @nrisaick setenh side of gaid sheahcBddshenpalishiagpadofglaifird, wherein
said first adhesive,exhibits, g first, 180 degree peel strength PSI and said second adhesive exhibits a
zocond 150 earal SRLT B et R S RIS S S e G AR v
said first adhesive is acrylic based and said second adhesive is a diene type polymer, wherein said
first adhegiye is gffixaeigssaid RRAI¥MES JayetaiBadhansthad.of atfsincia pelishinanpad-teia e,
comprising: adhering a polishing pad 1o a togl wherein sajd polishing pad includes a pglymer layer
having a {Hr@ditimdRSbh ShTetiIk g GiabHes R &%ﬁﬂﬂ%ﬁé&@%ﬂ*ﬁ%@%ﬁfﬁ@@% il olymer
layer to eqdladire pressitesaciassithe yallssonddoe sudlstogrbsiitterdshiidiestatic modulus of | to 500 psi
when compressed at a pressure of 1 to 50 psi. 9. The method of claim 8, wherein said adhesive layer
is acrylic based. 10. The method of claim 8, wherein said polymer layer includes a binder material

having a fldst hartiressthilaidleaid thrdsrdineikibpadienive ekttt s8¢ Ipgdsauwhesd e, wherein
Hi > H2. pd, Jhemethodolslain Saiereisc-said sdhesie,layardsnpidachbyiafestginesive

disposed on a first side of a sheet including said first side and a second side, and further comprising
another adhesive layer of a second adhesive disposed on said second side of said sheet. 12. The
method ofi 8laim 1Hg wehekain sdidfirsiradBesiversx kiit§ at fidtcli80 degrde: peslisinérgith 8hdnd said

second a%ﬁﬁssi-\(,% e hihits @.se¢9nd. 180 degree peel strength PS2, wherein PS1>PS2. 13. The
polishing pac? of c]Ia)%m 12,%vph§)r%ﬁlwgscaiid first adhesive is acrylic based and said second adhesive is a

diene type polymer.
14. A method of forming a polishing pad comprising:

providing a polymer layer having a three-dimensional network therein; and
adhering an adhesive layer disposed on the entirety of said polymer layer to equalize
pressure across the pad surface and to provide a hydrostatic modulus of 1 to 500 psi when

compressed at a pressure of 1 to 50 psi.
15. The method of claim 14, wherein said adhesive layer is acrylic based.

16. The method of claim 14, wherein said polymer layer includes a binder material having a
first hardness H; and said three-dimensional network exhibits a second hardness H,, wherein H,; >

H,.

17. The method of claim 14, wherein said adhesive layer is provided by a first adhesive
disposed on a first side of a sheet including said first side and a second side, and further comprising

another adhesive layer of a second adhesive disposed on said second side of said sheet.



14. A method of forming a polishing pad comprising: providing a polymer layer having a
three-dimensional network therein; and adhering an adhesive layer disposed on the entirety of said
polymer layer to equalize pressure across the pad surface and to provide a hydrostatic modulus of 1 to
500 psi when compressed at a pressure of 1 to 50 psi. 15. The method of claim 14, wherein said
adhesive layer is acrylic based. 16. The method of claim 14, wherein said polymer layer includes a

binder mafgrial haying. A firsk hardness kitand;said thissadinensianakneweds sxbinits .spaend

hardness H2, wherein Hi > H2. 17. The method of claim 14, wherein said adhesive layer is provided by
a first adSsipaddiid seenbir bofng Gibbisrseradt ftlsamrresidima R arrsiaddsntkide, and
further comprising another adhesive layer of a second adhesive disposed on said second side of said
sheet. 18. The method of claim 17, wherein said first adhesive exhibits.a first 180 degree peel
strength I§§1 anﬁﬁ%ogg%%aag&%é%aﬁ% iﬁ(h‘?’bl £a ss"”‘élc‘:io?hr £ ?ﬂg%%segcaehglf%atsr%%ﬁ%ﬁ 3?23 ,eﬁ%rein
PSI>PS, d@esiteipolishingmaslgielaim 17, wherein said first adhesive is acrylic based and said
second adhesive is a diene type polymer.



