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FIELD
[0002] . We describe polishing pads suitable for the chemical mechanical planarization |
- (CMP) of semiconductor wafers. In particular, our description relates to polishing pads
synthesized to give spatial grading in material/iribological properties. These differential
gradings may be used to achieve custom polishing of various dielectric and metal films during

stlicon integrated circuit (IC) processing,

BACKGROUND
[0003] Chemical mechanical planarization (CMP) is used to planarize individual lavers
(dielectric or metal layers) during integrated circuit (IC) fabrication on a semiconductor wafer.
CMP removes undesirable topographical features of the IC on the wafer, such as metal deposits

subsequent to damascene processes. CMD may be used to remove excess oxide produced



during shallow trench isolation steps and to planarize inter-level dielectrics
(ILD) & inter-metal dielectrics (IMD) including those having low-dielectric
constant (low-k) materials. [0004] CMP typically uses the combination of a
reactive liquid medium and a polishing pad surface to provide the
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coefficient of friction (“f”) in the pad/slurry/wafer interfacial region. The extent of normal and
shear forces during CMP and the ‘real-time £ depends both on the pad tribology and on the
slurry rheology. Recent studies (ref. 1&2) indicate that the compliance of pad material, the area
of contact between wafer and the slurry abrasive particles, and the extent of lubricity of the
systemn all play significant roles during any CMP process.

[0007]  As away of quantifying the role of these factors in a CMP process, a Stribeck curve
may be employed. By way of background, the Stribeck-curve is a plot of the average coefficient

of friction “f” vs. Sommerfield number, So [So= uV/p+d.y] and shows the extent of contact



maybe employed. By way of background, the Stribeck-curve is a plot of
the average coefficient of friction "f' vs. Sommerfield number, So [So =
V/pdeff] and shows the extent of contact 2 amongst the wafer, the rotating
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predictability in RR and wafer uniformity. Both 'f & “0"have_a linear_ .
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However, operation in the boundary lubrication regime offers greater stability, éontr’ol, and
predictability in RR and wafer uniformity. Both ‘f” & ‘8’ have a linear relation with Kp, and
hence with RR. Kp, is inversely proportional to the pad storage modulus. Thus softer pads with
higher compressibility provide larger RR and harder pads with lower compressibility provide
lower RR. A softer pad experiences a greater shear force at the leading edge of the wafer during
polish since it is comparatively more compressed and thus creates a barrier that the wafer must
continuously overcome during the wafer’s motion. On a micro-scale, the pad asperities at the

wafer/pad interface are collapsed thereby increasing the shear force, components of both f and 8.



lower RR. A softer pad experiences a greater shear force at the leading

edge of the wafer during polish since it is comparatively more

compressed and thus creates a barrier that the wafer must continuously

overcome during the wafer's motion. On a micro-scale, the pad asperities

at the wafer/pad interface are collapsed thereby increasing the shear |
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polymeric pads has accompanied deterioration of chip yields, device performance, and device
reliability as compared to the same measures in earlier generations of wafers.
[0015]  Various attempts to change pad thickness (stacked and unstacked) and pad surface
conformations (e.g., perforated, K~groove, X-Y groove, and K-groove/X-Y groove
combinations) have not specifically addressed the impact that chip pattern density, chip size,
complexity of architecture, and dielectric/metal process flow have on ultimate chip vield, device

performance, and reliability of integrated circuits.



reliability as compared to the same measures in earlier generations of
wafers. [0015] Various attempts to change pad thickness (stacked and
unstacked) and pad surface conformations (e.g., perforated, K-groove,
X-Y groove, and K-groove/X-Y groove combinations) have not specifically
addressed the impact that chip pattern density, chip size, complexity of
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simultaneous injection molding of at least two polymeric compositions to form said at least two
areas. The functionally graded polishing pad may have at least one of the at least two polymeric
compositions comprising a block copolymer, perhaps where the block cdpolymer has differing
‘constituent polymeric compaosition in the block copolymer over distance.

f0020]  In a graded pad, the key pad mechanical properties like hardness, modulus amongst
other and physicat properties like porosity are varied spatially. Several types of grading can be
conceived of which include patterns that can be classified as annular grading, island grading and
step grading. Many other grading patterns are possible depending on the type of operation. The -
most appropriate pad grading for a particular operation is developed using simulation methods |
based on parameters which include the wafer sweep and it’s residence time distribution during

CMP, coefficient of friction and other physical properties.



compositions comprising a block copolymer, perhaps where the block
copolymer has differing constituent polymeric composition in the block
copolymer over distance. [0020] In a graded pad, the key pad mechanical
properties like hardness, modulus amongst other and physical properties
like porosity are varied spatially. Several types of grading can be
conceived of whiSRIREI IS Fittar i ikt cambe-cidssified as annular
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gradig for & particular operation’'is developed using simulation methods
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[0028] Fig. 8 shows a graded pad where the grading 1s a micro-domain morphological

texture using injection of a block or grafted copolymer. ‘
[0029]  Fig. 9 depicts schematically a phase diagram (Temperature — Composition) of block
copolymers with different equilibrium structures (bee, hep ana lamellace).

DETAILED DESCRIPTION
Functionally Graded Polishing Pads

[0030]  Described below are polishing pads suitable for use in the CMP procedure for
polishing siﬁcon—containing wafers mentioned above. These pads having at Jeast two areas on
the polishing surface adjacent the polished silicon wafer, having differing material
characteristics, The areas may be discrete and well-defined with clear borders. The areas may
be of a type wherein the material characteristics vary over a distance. Our polishing pads

comprise one or more polymeric materials that each may comprise one or more of the following:



[00281 Fig. 8 shows a graded pad where the grading is a micro-domain

morphological texture using injection of a block or grafted copolymer.

[00291 Fig. 9 depicts schematically a phase diagram (Temperature -

Composition) of block copolymers with different equilibrium structures

(bee, hep and lamellae). DETAILED DESCRIPTION Functionally Graded
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compyife twssmygteharaltdsigtitgamiines, chain extenders, etc. Commercially speaking, more
than 90% of isocyanates are toluene-diisocyanate (TDI) or diphenylmethane-diisocyanate
(MDI) and its derivatives. Others include polymethylene polyphenyl isocyanate (PAPI).
Isocyanate functionality is important as it leads to crosslinking and therefore hardness as well as
other pad compliances. The size and molecutar weight of the polyamines/polyols reactants
contribute to the flexibility, low temperature properties, hydrophilicity, light stability and
processing characteristics of the resulting polymer.

10G34] Chain extenders are often low molecular weight diamines or diols used to increase
urea/urethane content in the final polymer. They react with the isocyanate and become part of
the “hard segment” in the resultant polymer and often substantially influence the hardness as

well as the elastic compliance. Many available chain extenders will also modify process



the various constituent and composite materials, e.g., inter polymer
compatibility between various areas, reactivity, and viscosity. [00331 One
polymer system having a significant scientific, engineering, and
commercial history is the polyurethane and polyurea chemistry system.
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the (ii) "two shot" technique. Figure 2 shows a ~ schematic of the one
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for placing other polymers in the synthesis of graded pads. Such an example should not be

constdered as a limitation on the scope of the disclosure.

Maultiple Injection Molding

[0039]  Another variation of the process for making functionally graded pads comprises a
process known as multiple point injection molding (also called coinjection sandwich molding).

Multiple injection molding is a sequential process in which two or more polymeric materials are



isocyanate, typically known as the "prepolymer.” This functionalized
prepolymer is then further reacted with diamine/diol curatives or chain
extenders to complete the polyurea/polyurethane formation. This process
is more easily controlled but requires higher processing temperatures
often in the neighborhood of 100C. [00371 It sh %Id be .?Pparggtlghﬁt) our
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example for placing other polymers in the synthesis of graded pads. Suc
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usumdlyasmple of a procedure for synthesizing a two-area graded pad where two
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shown in Figure 4, a first outer annular ring of t eeQad is gpolde(a.usin an
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the RFBRARGHITS RhHify SVaNAIE i°the open fterature. Interfacial
[00simpatibilinShbtweemonoggolyntet sfigatterns defining, on a CMD polishing pad (200),
a variety of chosen areas: ovals (202, 203, 204) and flag (205). In each of the noted areas, the
respective polymers may each be a different polymer of the types discussed above or at least two

differing ones. Again, such patterns may be achieved by using appropriate mold geometries.

Multiple live-feed {or in sitw) injection molding

[0044]  Molds including muliiple in-situ injection poris may be used to make a graded pad. In
this method 2 mold is selected at least two ports, generally independent, for injection of polymer.
At least two different polymers are injected through the ports during the same injection step,
often at the same time, to fill the mold. Depending on the grading requirements needed for the

pad, the usual polymer engineering calculations may be used to calculate the fiuid flow and heat



usually good. 100411 This method may be used to form graded pads with
more than two areas and with more than two steps. Further, this method
may be used to achieve any step grading pattern from the simplest, most
well defined annular patterns to the most complex and random of patterns.
0042] Figures 5 and 6 show more complex patterns as may be made
trans S RGPS et eion Pharerordus BREHANRCEIGUIY 8 (isTaeRdiP o) afs for the
diffedancet Ry emnsscshapead fieymsiar dividers so that neither polymer invades
Ihe other's space. The cross-shaped molds or for re removed fro
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injec{og4d]FigaheGshiowsha eoerregalanseld) phttenid delintimglsngepiccting
a secDRUSHIRARRALZ00) R yafietatchosen areas: ovals (202, 203, 204) and
flag (205). In each of the noted areas, the respective polymers may each
be a different polymer of the types discussed above or at least two
Bloclddféerngnenes. Again, such patterns maybe achieved by using appropriate
old tries,. Multiple live-fegd (arin situ) infection . moldi
04 e o AL e P P v
phasqfisdaepzal ThYinEi srradinetoaat v idh s atlatiership heastanB R bRy
compBgeendent [foniniegtionatralmen rhtisas twadifersnt, patynats afehe
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graduadigdébidoe, the: @adkolhel dshakp diyridicengineedngetal culdtiovs! maieidock
copotdl 19 calawqieithe.ud fawand-heat9 fhanster, needsddor selaction of

'ag[propriate injection points and of injection flow rates for the different

spatigfty i vty faet Hitd therdire r@&s‘anr:\ﬁmset e eaitisuERation

in phgsadestaohimenprds(B1ahmade asinghissproeessiyoinaeing o first B),

rou lggelggma%&fggrgnithe outer periphery (212) of a mold while simultaneously

_ g|njec1|ng arsecond polymeric material from the center. Block copolymers

[004TD04 63 diftrek dpoiynse eeyistams may Ireecieteidpradiee thegrageeisien of

the nfoBHEBSBN0WSR RBASSAIAGEAT R HRWAS ih& HORHORRNWEY: ths A and B
relationship between the block copolymer composition (a%tthe relative %

wsed (R Y M o PRI AR ERSCS H GRS fhgerscon n crstal

structure produced as a result of the compositional relationship shown i Figure 9 creates

additional and controllable variations in physical parameters.
[6048] Molecular units suitable for these procedures involving block copolymers include
such materials as styrene, isoprene, butadiene, urethanes/urea, long-chain diols and diamines,

ete.

(as assisted injection molding

{0049] A method to produce a graded pad having included microporosity would be to
include a gas during the injection molding step to achieve functional grading of porosity in the

polymer polishing pad. Gas may be dispersed into and injected into the mold from different

10



final product. To attain a gradation in properties, the composition of the

block copolymer is gradually. Hence, in a controlled fashion, the

difference in geometry is achieved in the block copolymer by spatial

variance. Because the geometry and the % of (A or B) is changing

spatially, as well as the fact that A and B are different units - the variance
POT{S RS E G A RS Py MO CRR RS ERIba s LK s iananad s il fering
amPVEOsH RSOt andiemoap ahA SidBrhitovgaNEss. @d RepRitLIQRASA]y.

Specifically, hardness gradations may be achieved by varying the

concentratlon of the molecular units of the block copolymer over distance

ash e pifMinits A and B used to make the pad will be of
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produced as a result of tHe compositional relationship shown in Figure 9
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glyce ast Ielajggtl uch ma era Sé?z cﬁe’rs!sag a %’ b%t% 3 s g[mlxture
EYO inje

T % age
Urethanes/urea, Iong cﬁ%n‘igdlols an es, etc. 5 Assicte ion
is prGRiAeeJOTIB] moiﬁemﬁtmqém@l gredes gpéd!@@ﬂpﬁ@ PravAnty wreiigdaject two or

mofIGHRPOr AR WA A he IaniNCHES 8,88 SiReHReinis GiamPRIding8RNn
to, achieve functional grading of Forosﬂy in the polymer polls# pad
é‘% anical and
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phyporiawitkrtitifferent flow rates in order to attain grading. The resulting pad

{ooﬁ'L contal Jﬁéﬁ%{l% %@%ﬂ%’}% %HSJ#&S%%%;Q %Q%BQM?QQ sed to

leve’a differencé dness or density. Reaction |nject|on mol

Pm@mm%@@éidpaﬁlﬁ@ﬁl‘d%ém%%‘téﬁ@%C@“‘ﬁéﬁ*ﬁl&ﬁ’anes) are

amenable to molding steps using the RIM techniques. In this molding
LadrRSess, {lnsteaql of injecting previously synthesized polymers, the
—wns%en%monom%rlc materials and appropriate crosslinking agents
(0082lg., Blyseiraastweldldptheninisidtngagénes ardichiincekrdndiershaps in layers,

 in 2896RdieRh NG, fﬁ%&g&gﬁ@'ﬁ&ﬂ% infemedzedwilemalding homnakefe

‘%ﬁ ded pad, multiple ports are used to inject two or more types of
gra gﬁ%%%%ﬁﬁ?eéw EERFLS b AT AR %fﬁf&ﬁa’@ref%‘*%@ﬁé%‘ mixtures of

polgradatidivdts and easily applied to changing demands upon a producer. The resulting
gradation of properties will be according to the mechanical and physical characteristics of the
individual polymers.

[0053] This method can lead to microdomain gradation.

Microcellular (Mucell moldéng)

[0054]  In this technique the polymer fluid being molded is mixed with gas in order to form a
solution mixture. Utilizing two or more such solutions with different chemistries will lead to a

gradation of both the mechanical properties and the porosity.
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chemical structure. Gradation in chemical structure will result in gradation

of the mechanical and physical properties. [00511 By differentially adding

the monomers to the mold, this method may be used to produce step

graded pads as well as the continuous pads discussed above. Lamellar

injection molding [00521 By using mixtures of polymers that have been
{0055tevidlisheekuins perdapsid fayefViTrarriside o piofiffgoptacaati et the

wafer $eth Q?JR&%& discussediabeye:Ralishiacpadshaying ghiengigaddn a selected
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the Havtiscatigined difibe] 085 Eehi thise BRI RSIHERHOR S G SRS M Rakrgnd
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such solutions with different chemistries will Jead to radation of both
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and gretdeglpactfofe. CMRprotessistal aliow diffendtit p@{gi@nsaml theipapéibe
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pad in a selected manner. For example: it may be beneficial for. the outer,

(s oA BIIPRSAedchS B8 BSGPGEA oS SORAFFEBIORB TR Belie Pod

mavhereshenirationnl shess ieaisdyghepdhan dhsdaalies keglons globhkphysical

_.pad; in co(;;i@ar.ison it ma b(% b &gﬁc@{ﬁ%@ﬁ igrpl%r rgagions of the wafer

Pad pRRIMESIS U TS TR R Egidhs of the pad 1o achieve a higher
planarization length. Since both the wafer and the pad are in motion
(rotation, oscillation) during any CMP process using these graded polymer
pads in conjunction with residence time distribution models would achieve
simultaneous local and global planarization. The material removal rate,
defectivity, erosion, and dishing of the wafer and the effective
planarization length of a CMP process depends upon the local tribology
[hardness, compliances] and physical properties [pore size & density,
asperities] of the pad



material. Our functionally graded polishing pads permit choice of the local
and global physical pad parameters allowing improvement of these CMP
shortcomings. 12 CLAIMS: 1. A functionally graded polishing pad for a
CMP process comprising a polishing pad having a polishing surface for
cL.apalishing a silicon-containing wafer and configured for use ina CMP
procedure, wherein the polishing surface is one piece, substantially flat,

and comprrses ttw ffer rea vin drfferrn srca
chdraltbprstiass ?%F i egtﬂp “)% Olishing pad

rent aread Compris
havitliffesenihneleatiiae ﬁneghisbmlg/a rsehhamesnﬁuﬂ‘ he mfmtmdaiw@a@édm use ina
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ona ng pa laim 1 or claim
leastiive rchﬁﬁethm: pmesmnglmatﬂffm ehmmbﬂa@gcﬁ:eﬁm enderigapinghg pidferent areas

comgr}sﬁr%a%ryn%eda&&alaﬁmamak@gm@»&aﬁmang

oly(urethane-urea) that is made by a process wherein the isocyanate is

reacted with Iong harn di Fﬁ‘fﬁlam et for re rthat IS

cee g PR AT BT L de O S AR Bt er
comthieRalyllagthane- urea). 5. The functionally graded polrshrng pad of any of

claims 1-4 wherein at least one of the at least two areas comprises a

blogk SRpAlYME SAMIRNRgARIRRANEHANS 16 Ehefunclioealheratiesing pad

polishing pad of claim 5 wherein the at least two areas each comprise a
furthes eRIBBIRSA AIRP IR EREFolymeric material. 7. The functionally graded
polishing pad of claim 6 wherein the at least two areas each comprise a

differemmlrycrﬁenhﬂ matetia iphkshing giffeoé ntaphyisioatpisiapstafsrafine -urea) that
IS ma e F?C;Z R?orrlz gmb%ﬁ\{v %rfs% %\ﬁg?eaﬁ Pe%@@ci'%\ﬁ&l %Rﬁ%ﬁﬁ%‘%ﬂ&ﬁ‘&m diamine to form

com Heren polymeric materials. 8. The functionally graded

a prmrismngﬂ;mdsaﬁhmmr@ramg@m dieming/ diel sty srahehan gy form

the g&gﬂﬁﬁ@@ﬂg% 9 The functionally graded polishing pad of any of claims
erein the at least two

5. The functionally graded polishing pad of any of claims 1-4 wherein at least one of the

at least two areas comprises a block copolymer comprising said polyurethane.

6. The functionally graded polishing pad of claim 5 wherein the at least two areas each

comprise a compositionally different polymeric matertal.

7. The functionally graded polishing pad of claim 6 wherein the at least two areas each
comprise a different polymeric material having different physical parameters and wherein a

region between the areas comprises mixtures of the compositionally different polymeric

materials.

8. The functionally graded polishing pad of any of claims 5-7 wherein at Jeast one of the

at least two areas is annular.

9. The functionally graded polishing pad of any of claims 5-8 wherein the at least two
arcas each comprise a different polymeric material having different physical parameters and

wherein the change in composition between the at least two areas is a step change.

13



areas each comprise a different polymeric material having different
physical parameters and wherein the change in composition between the
at least two areas is a step change. 13 10, The functionally graded
polishing pad of any of claims 5-8 wherein the at least two areas each
comprise a different polymeric material having different physical
parameters and wherein the change in composition between the at least

WOArRAs is @tﬁ%gﬁg%ﬁlﬂ@&m{%ﬂﬁr Thedynetionaly gragdedinalishingst two

pad of any of claim$ I-10 wherein the at least twg areas each comprise a

arcasciffdenTPORFASHEcrRRteRRTIFA R RA PR g ICHIP AR g ors and

wherdnereinthe Padisclcular wilhean mdaeiartiacantenantoimadgehange.
comprises one area and the center comprises another area and wherein

the ch in composition, between S LORENISR the at least t
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whe WO RO %’a’? & i&rggmﬂiﬂpédb% form 535‘?6@5111%%& bye: &fﬂ@ﬁs@é’o&ﬁ@ea and the
Tunctioha ly graded polishing pad of any of claims 1-11 produced b H1e h
centpr ooy set aiatbttos NfEatrhn NIRRT St %i*@&é’r‘%fa‘a‘{%ﬂé‘?%e ge and the

centSONPOSHIRNSIOdoRpesaid at least two areas. 14. The functionally graded
polishing pad of any claim above wherein at least one of the at least two

pol |C compositions compti a bloc | iffesing, £
cor@ﬁéﬁ%ﬁ% ffr'}ﬁaeﬁ’cg(r:acgr?{5T1 Oé@%?ﬁﬁ) the i%%%%%@%&%ﬁ%%g dis angg.mcesg °
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raded pad has hardness gradations. 16. The functionally graded
polishing pad of claim 15 where in the hardness gradations result from

varying the concentration of molecular ynijts of a hlock olymer quer
distiinoBa BE RO %F%%ﬁ@%ﬁﬁﬁiﬁ%ﬂl?ﬁg" %&ésd? glgli%}{?r:anugc%%;)dy e process
of saMiReeessbavingoddinp ef pideespolishingnsuitacenposiprisingdomamgdat least
the pad by injecting two or more polymeric materials into a mold at
- tWOgif&tent times. 18. The method of claim 17 wherein at least one of the

polymeric materials is formed by , .
14. The functionally graded polishing pad of any claim above wherein at least one of the

at least two polymeric compositions comprises a block copolymer having differing constituent

polymeric composition in the block copolymer over distance.

15. The functionally graded polishing pad of any claim above wherein the graded pad

has hardness gradations.

16. The functionally graded polishing pad of claim 15 where in the hardness gradations

result from varying the concentration of molecular units of a block copolymer aver distance.

17. A method of making a functionally graded polishing pad for a CMP process having a
one-piece polishing surface comprising forming the pad by injecting two or more polymeric

materials into a mold at different times.

18. The method of claim 17 wherein at least one of the polymeric materials is formed by

first reacting an isocyanate with a long chain diol to form a high molecular weight tsocyanate
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first reacting an isocyanate with a long chain diol to form a high molecular
weight isocyanate 14 prepolymer, and reacting the isocyanate
prepolymer with diol curative or chain extender to form a polymer suitable
for CMP. 19. The method of claim 17 wherein at least one of the polymeric
materials is formed by first reacting an isocyanate with long chain diamine
and diol to form a _high molecular weight iso%anate repol mer, nger 16 form
prepolanEh ARARAT RS B S ATSI dTBIPRTRIR SE B S AN RIS P a
a polyRQlymiessitabtver CMP. 20. The method of claim 18 or claim 19 wherein

the isocyanate comprises a block copolymer. 21. The method of claim 20

whergip, the, black-copalymer hag difere e ety N REY REGals is formed by

composition over distance. 22, The method of claim 20 wherein the )
first regHosrarASHORIN B R ABRD diRrdrsad SIoL ko dBpBIHER BrRe s greisht
isocyéﬁ?éijeeﬁréﬁfaﬁ Irgé:?:@ﬁg%o%%ngW&Bﬁﬂ%@l@migﬂc\&dﬁﬁ@é@ihﬁaﬂﬁéﬂﬁﬁﬂbm to

concentration of the molecular units of the block copolymer over distance
form proViass riiie & (M¥ations in the pad. 15

20. The method of claim 18 or claim 19 wherein the isocyanate comprises a block

copolymer.

21. The method of claim 20 wherein the block copolymer has different constituent

polymeric composition over distance.

12. The method of claim 20 wherein the concentration of the molecular units of the

block copolymer of the pad varies over distance.

7%, The method of claim 22 wherein the variation in concentration of the molecular units

of the block copolymer over distance provides hardness gradations in the pad.
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