SYNTHESIS OF A FUNCTIONALLY GRADED PAD FOR CHEMICAL MECHANICAL
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filed June 3, 2003, (57718-30005.00); and
d) U.S. Provisional Application No.60/475,307, entitled INCORPORATION OF
MULTI-FUNCTIONAL CURATIVE AGENTS IN PADS USED FOR A CHEMICAL-
MECHANICAL PLANARIZATION PROCESS, filed June 3, 2003, (57718-30006.00), the

entire contents of which are incorporated herein by reference.

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

silicon integrated circuit (IC) processing,.

BACKGROUND

[0003] Chemical mechanical planarization (CMP) is used to planarize individual layers.

(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



(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
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extent of cartasty, the removal rate (RR), the syrface planarity, the surface defectivity, and the shury
selectivity. Therefore, thc; pad local m}at‘erial/tribolo gical/mechanical properties are important to
both local and global planarization during a CMP process.
[0006] The material remoifal rate (RR) in a CMP process is a function of a number of
factors, but particularly is a function of the shury abrasive concentration and of the average
coefficient of friction (“£*) in the pad/slurry/wafer interfacial region. The extent of normal and
shear forces during CMP and the ‘real-time f 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
system all play significant roles during any CMP process.
[0007]  Asaway 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/pedes] and shows the extent of contact



amongst the wafer, the rotating pad, and the encased abrasive particles. (where x= slurry viscosity, V=
the relative pad-wafer velocity and der; = a-120qg1- cd.dgroon), where Ra is the average pad
roughness, dffuove is the pad groove depth, and “el(dimensionless area parameter to scale the wafer
pressure)=Aup-featuresiAnat pad; Ped.= [00081The generic Stribeck-curve provided in Figure 1
depicts three distinct regimes: a "boundary lubrication regime,” a "transition regime,"” and a
"hydrodynamic lubrication regime." First, in the 'boundayy, lubrication regime, all solid bodies are in
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constant that depe on the chemo-mechanical aspects of the process). [0011]The partial lubrication
regime (or tR&R8Rion region regime) offers inereased pad life. However, operation in the boundary
lubrication regioyg offerseH@ater stakikiiaconirolaans @redictabiliyhibrRRiantyiateranniformity. Both T
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with increasing So would likely be due to the occuirence of eddies in the fluid flow field (f=
keSof, where k is a constant and § is the tribological mechanism indicator of the lubrication
regime). For 8 >0, the boundary lubrication mechanism dominates.» For negative values of 3, the

"partial lubrication regime is in evideénce and a lower RR (RR= Ky, *peiV, where Kp; is the
Preston’s constant that depends on the chemo-mechanical aspects of the process). ’
[6011] The partial lubrication regime (or transition region regime) offers increased pad life.
However, operation in the boundary lubrication regime offers greater stability, ;;ontfol, and
predictability in RR and wafer uniformity. Both ‘f” & ‘3’ 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 Jeading 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 5.



the slurry theology, variously, the lubricity, the configuration of grooving or perforations, the abrasive
concentration, the pH, and the temperature each may alter the shape of a specific Stribeck curve, may
alter the relative extent of different lubrication regimes, and the values of Kp" f and b3. [0013]The pads
that we describe herein, may have differing regions of pad tribology. By modulating pad tribology and
choosing appropriate operating regimes of Stribeck curve lubricity for those modulated or differing
regions, simultaneous local and global planarization mey b.§ ttain(%qheveré fortv%%ger]%nha\@&g dissimilar
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homogeneous tribological, chernical, and frictional characteristics have been suitable for usein
CMP. The introduction of 250 nm CMOS t_echnology, however, probed the limits of those
pads’ suitability. For sub-250 nm technology, for instance, technologies having increased

~ complexities of design (e.g., SoC), process (e.g., SOL FInFETs), or materials (e.g., Cu or low-k
materials) particularly when coupled with substantial variations in chip pattern density and
increased chip size, use of those conventional open-pore and closed-pore homogeneous
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 yield, device

performance, and reliability of integrated circuits.



100171Described is a functionally graded polishing pad for a CMP process made up of a polishing pad
having a polishing surface for polishing a silicon-containing wafer that is configured for use in a CMP
procedure, wherein the polishing surface is one piece, substantially flat, and commises at least two
areas having differing physical characteristics. The at least two areas may have have discrete
boundaries or boundaries that are formed of mixtures of constituent polymers. The at least two areas
may each ise &co sitionally different polymeric material and the region hetween the areas
may compﬁ@g)1 ﬁixtur%%eﬁfﬁgéogé{rﬁ’ﬁ%%oHgﬁi/&c%%}%éeé%é?y?n%ﬁ%ﬁ%at%%%@ Jo38 ﬁ%p shape of at
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areas eachepmpisgis-differsptRolymsiicMajarial having different physical parameters and the
change in composition between the at least two areas may be a step change, a continuous change., or

a combination. The pad may have an edge an%awﬁ nd the edge comprises one area and the
center comprises another area and the change 1 composition between the edge and the center may
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generic Strifgel.curve ingicating the extent. o coniastbetuaen e fofating.waler thaotating pad,
and the encased abrasive particles in various ~
different physical parameters and the change in composition between the at least two areas may
be a step change, a continuous change., or a combination. The pad may have an edge and a
center and the edge comprises one area and the center comprises another area and the change in
composition between the edge and the center may be continuous or step or another for;ﬁ.
[0019]  The functionally graded polishing pad may be made by the process of sequential or
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 cdpolymcr has differing
‘constituent polymeric composition in the block copolymer over distance.
[0020]  Ina 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 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 thve wafer sweep and it’s residence time distribution during

CMP, coefficient of friction and other physical properties.



Iub_rlcgtiqn regimes. 100221Fig. 2 depicts a schematic one-shot technique for producing graded
polishing pads where isocyanate, polyamines/polyols, chain extenders, and other additives are all
blended together. [0023]Fig. 3 depicts a schematic prepolymer or "two-shot" technique for producing
graded polishing pads. [0024]Fig. 4 depicts a schematic step-graded pad having an outer ring of one
formulation and an inner region of a second formulation having different tribological properties.

100251Fig. 5 depicts a step-gragﬁ yingrisiangds efensmolymesis formulation and a

surrounding region of a polyme : aving a different tribology 26]Fig. 6 depicts a
_ Fa n . 1 diffe logy. [( . graded pad
having a cEdblex giEidingianthtyarirrmskapeensis SEIRTH FHERHASHINS ST Sriperties. P

between the rotating wafer, the rotating pad, and the encased abrasive particles in various

lubrication regimes.

[0022]  Fig. 2 depicts a schematic one-shot technique for producing graded polishing pads
where isocyanate, polyamines/polyols, chain extenders, and other additives are all blended
together.

[0023]  Fig. 3 depicts a schematic prepolymer or “two-shot” technique for producing graded
polishing pads.

[0024]  Fig. 4 depicts a schematic step-graded pad having an outer ring of one formulation
and an inner region of a second formulation having different tribological properties.

[0025]  Fig. 5 depicts a step-graded pad having islands of one polymeric formulation and a
surrounding region of a polymeric matrix having a different tribology.

[0026]  Fig. 6 depicts a graded pad having a complex grading with varying shapes, sizes, and
materials with tribological properties.

[0027]  Fig. 7 shows a continuously graded pad where the center comprises a first
formulation at the center and the edge comprises a second formulation.. In this variation, the two
formulations are completely miscible. '

[0028]  Fig. 8 shows a graded pad where the grading is 2 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 (bec, hep and lamellae).

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:



[0027]Fig. 7 shows a continuously graded pad where the center comprises a first formu!ation at the
center and the edge comprises a second formulation.. In this variation, thg two f_ormulatlor_ls are
completely miscible. [0028]Fig. 8 shows a graded pad where the grading is a mlcro-dpmaln .
morphological texture using injection of a block or gaited copolymer. [QOZQ_’]Flg. 9 dep!c_ts_schematlcally
a phase diagram (Temperature - Composition) of block copolymers with different equilibrium structures

bcc, h d llae). DETAILED DESCRIPTION Functionally Graded Polishing Pads
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polymeric materials, e.g., polymeric fibers, natural fibers, particulate materials such as discrete

“crumbs” of polymeric materials, etc. |

[0031] The surface of our described polishing pad adj acent the polished wafer surface may

be substantially flat after completion of the synthesis steps described here. Grooved and hilled

surfaces having the characteristics noted here. R

[0032]  Materials suitable for the described CMD polishing pads include a wide variety of

polymers, including such diverse polymers as: polyurethane, polyurea, polycarbonate, the

Nylons, various other polyesters, polysulfone, various polyacetals, and the like, These -

( polymeric material and their cheniically related brethren and may be used for the fabrication of
the CMP pad. Other polymer chemistries may, of course, be used. Formulations of using these
materials neceséarily involve some understanding of the relationships between the structure of
the polymeric material and the resulting physical properties. The processing characferistics of
the various constituent and composite materials, e.g., inter polymer compatibility between
various areas, reactivity, and viscosity.

[6033] One polymer system having a significant scientific, engineering, and commercial
history is the polyurethane and polyurea chemistry system. These polymer prodhcts often
comprise isocyanates, polyols, polyamines, chain extenders, etc. Commercially speaking, more
than 90% of isocyanates are toluene-diisocyanate (TDI) or diphenylmethane-diisocyanate
(MD]I) 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 molecular weight of the polyamines/polyols reactants
contribute to the flexibility, low temperature properties, hydrophilicity, light stability and
processing characteristics of the resulting polymer.

[0634] Chain extenders are often low molecular weight diamines or diols used to increase
urea/urethane content in the final polymer. They react with the 1socyanate 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



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: neat polymers
having a specific molecular weight or molecular weight distribution, mixtures or all,ys of one or more
polymers, co-polymers of two or more species, and block co-polymers of two or more species. The
polymeric composition may be filled with other polymeric or non-polymeric materials, e.g., polymeric

fibers, natyral flbers, particulalg malsrals suchasdiscietahcanhe of Relymere malerals, etc.

[00311The surface of our described polishing pad adjacent the polished wafer surface may be
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urea/urethfomstmdriispidrestnamootyaamely Tt Heddtul g EHes BBy EPIRRE SHREBRBDREYHHEIt of the

"hard segrgﬁgﬁ"impge@%&t%gdagymebgnd often substantially influence the hardness as well as the

elastic com(?liance. Many available chain extenders will also modify process
[0037] It should be apparent that our polishing pads may comprise a neat polymer such as

the polyurethane or polyurea materials discussed just above or may comprise two or more
different molecular weight product polyurethanes or polyureas materials in the different areas on
the polishing surface.

[0038]  This explanation of a pair of methods for producing polyurethane or polyurea
materials should be viewed both as an example of producing those polymers and as an example
for placing other polymers in the synthesis of graded pads. Such an example should not be

considered as a limitation on the scope of the disclosure.

Multible 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 polymeéric materials are



characteristics such as gel time and viscosity build-up. The strength of the ultimate product is also
often affected. Crosslinkers are characterized by molecular weight and functionality. Low molecular
weight molecules are effective at crosslinking the polymer matrix on a molar basis and effect increased
resistance to swelling, low temperature flexibility, and processing kinetics. [0035]There are two
well-known approaches for formulating polyurea/polyurethanes. They are Icnown as: (i) "one shot"
technique, and the,(i) cturo stiol: fechnjgus. Kigie 4 shows asenemalie. ol e anersbpldaetiniue. In
summary, the corhponenfs e.g., aelong chain |%)e] diisocyanate, and, as needed, a chain extender) are
mixed and fediffedniofethibr. iHeweveitiNadh e roswdding gfcaitdesedbrfdiclodtal concentrations of

reactants i%h@ofeacsmm%&wm Jandamdhsrmalicantrohaomelimestanidhinwicaly varying
polymer product characteristics. [0036]Figure 3 shows a schematic degiction of.thlg tonhot
tochnique. FHETS0 8y AARLES CRROTEABE RS SPS1GD RANRE 50 e ETAGIGHST (3 form a high

molecular wrigbtisosyanatedypiaalydknansidad thiedprepplyticentidldisfpnctondlizedmrpdlymer is
then further eacted with diamipeldiol GUANYGS Q1 GHAL R SPUR 5P AMPIELR H1fd wih o
led bu

uter 1S aced in.ga se . ; . .
polyurea/poqyurerfpéne Srmaton. This process Is more easily controll t requires higher processing
temperaturescofieppipmihacTeaitsbbaddgsit 0o e fos Andssend Beldpgatert tiabliFrptlishing pads
may comprisg aneat AAMEHsHENES thsIRebpHEINADE 1S PRlyuesAMaesialsidistyssathjsiabove or

may comprise two or more different molecular weight ﬁwrodtu%lt polg/L%retr}l)a es o&fz)(%&/urea%s rqsaterials in
the different™afeieicH fiE RIBRN G ORTIEES PTORE S P e I A RS S B Ao mathoas TaF producing
polyurethane:girpplysserdatefalsahositberviewsdtiodwis arckexthrep|§whindeueieptsose polymers
and as an SQmPis [rglagng alherpolvmers iubs sesalorderpats BushLanexample

should not be ¢ ered as a limitation on the scope of the disclosure. Multip ction Molding.
[0039]Anotheralbiriaién of the process for making functionally waded pads comprises a process known

as multiple pRigtjinjeqtipneakling:(alsecaledsainpetian sandeefor alding)o Medtiptel wjection

molding i & Seqyental process, 1 4iSh 110,08 01E POMIEIE MALH 5. Bracing pater o

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 using this process.

The crosses shown in Figure 5 (as region 2) are fenced by cross shaped forms or dividers so that.
neither polymer inffades the other’s space. The cross-shaped molds or forms are removed from
the partially molded pad afier the one or the other of the regions is filled.

[0043]  Figure 6 shows a non-regular set of patterns 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 situ) injection molding

[0044]  Molds including multiple in-situ injection ports may be used to make a graded pad. In
this method a 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 fluid flow and heat



utilized, however each of the materials is injected into the mold at a different time. This process is
different from the in situ multiple injection molding process described below. 100401An example of a
procedure for synthesizing a two-area graded pad where two different polymeric compositions are
used, one for each area, is this. As shown in Figure 4, a first outer annular ring of the pad is molded
using an injection molding process. The completed outer ring is then placed in a second mold and the

center of the pad rin en filled with a second poI /meri¢c material, Said again: in the first and second
molding sté‘ﬁgsmfiea%f?gr%‘ﬁtsf'}%fé%? IR L G é‘f‘}ﬁ’ B B ﬁ%ﬁé%&@\gﬂ%ﬁaﬁégwgedlstlnct

regions or anfé@smbdiﬁemnbimﬁdmmmahand)mw&caI) properties. Proper bonding at the interface

between t I ther.
Such info lﬁg%f%% is regg f%/f;g\%llll%b%é%&tigeg%%}éoﬁr %?“ng erfaC| (I‘?Qgr(?wnp%% %It elr’%’v%ggg
polymers mpér@x@wé@womﬁ%@Wtﬁwmayrbéﬂ%é@fwm@rm%awﬁ&hlm@ﬁf@man two
areas and yvgggdﬂg)bgl e stepse-Huihesthis 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. 100421Figures 5 and 6 show more complex patterns as may be made using this process.
The cross&3istiownaivibiasire 5 (as region 2) are fenced by cross shaped forms or dividers so that
neither pol inva ro from the
partially mg@% oad%%%rgﬁe on or t er ofCD Es%@lfb ‘SQJ@ dggaﬁ’édf%ﬁ‘ é%mﬁ’o

the.regi ns ISt 00431Figure 6 shows a

non-regulaPl¥ee fasErte RSTHaTIENG, %ﬁ%@l‘?}ﬂbwéhﬁﬁ@%%@@@?“&e%%’tﬁﬂwlﬁmeas. ovals

(202, 203, Zhdpanhiles (BORIIVERCRaithrMotech areasythetesRectivemalymess mayirach be a
different po mer of the é%pes discus ed apove or at le st two deferl %f%?q? s..A alr} such patterns may

be achieve %%"i‘ﬁ&t ﬁf%‘fh?egfﬁ TH G BRER R ﬁ%‘lg‘?\ﬁé PR EYRRIZAIHR molding
100441 Moktsdmdlydidgnnayitipledntsitiedripablion thodisfomenc b gswdeao makk ey gradiéd Padk In this

method a moldis.selerloslat Isashiwesnaits, denerallkndspendeat ot estianabpolymer. Alleast

two differentpe r,gfﬁ/mers are w(:l{n%te hrough the ports during the same injection step, dften at the same
S

time, to fill teiAtRs sPer ﬁﬂtﬁéf%gP&é.ﬁ@%&é@?@%@%sﬁe@aéwm%&%érﬂ%a&@fbo|ymer
engineering, galialinns ARy BRISEHtaRatcHateItieividifqwyaprd@atmoval of A or B),

roughness, and asperity

[0047] Specifically, hardness gradations may be achieved by varying the concentration of
the molecular units of the block copolymer over distance since the two molecular units A and B
used to make the pad will be of different hardness values. Furthermore, the variation in crystal
structure produced as a result of the compositional relationship shown in Figure 9 creates
additional and controllable variations in physical parameters.

[0048] Molecular units suitable for these procedures involving block copolymers include
such materials as styrene, isoprene, butadiene, urethanes/urea, long-chain diols and diamines,

etc.

Gas 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



transfer needed for selection of appropriate injection points and of njection flow rates for the different
polymers being fed into the mold. [00451Figure 7 shows a continuously graded polymer pad (210)
made using this process by injecting a first polymer from the outer periphery (212) of a mold while
simultaneously injecting a second polymeric material from the center. Block copolymers [0046]A block
copolymer system may be used to produce a graded pad Figure 8 shows a phase diagram portraying,
in afunctional | elatignship between the block er com ion as the re tive %
constituents) and theqc%rf;s g‘, ruc Ltr?sélﬂéﬁ% e tinal plrrbrfﬁp 3(”8 SRR ion in
properties, thtecemrﬁpbwie@dfgﬂ@hﬁm&km@gmmgndggmmalmfﬁrem@emhaaioemtooﬂerrkniashron, the
difference in geometry is achieved in the block copolymer by spatial variance. Because the geometry
and the % of (A or B) is changrng spatially, as well as the fact that A and B are different units - the

R /

variance proaeR BIdaBSRIABELEIM)N properties such as hardness, modulus, porosity (by solution

removal of A00s®), romhmasp@@ﬂaescpeﬁtyr{@%zl%eﬂf&m%smfa BassgladationmMayphe achieved
by varying the conc %oft eﬂg lecular.units of the blocé g:o olymer overg%stgﬁ_?es ce the two

O makethe %gaj%\ﬁﬁoﬁess i rent R8s Ve ore, the

molecular unlt‘s%\ used tona
variation in eglsteﬁrstrhmmretm@dmedcaxseaqeamn@&mei@pmwamarmmmihgwn in Figure 9

creates addgr%ebgagvremgqﬂ@%\ga (gtrgeﬁg ARNYSicALRalAmEls 1 d0PARI Molecylal- yRiis,suitable for

these procedures involving block copolymers include such materials as styrene, |soprene butadiene,

urethanes/ureRC IR iRt ore KiRg o 252 gfaded ped sty ﬂ%?é%ﬁ&%%lﬂﬁh’@ PHUAOAA method to
produce a gradedypadhavingtduced Guidepesgsiyinottgibextenders) to achieve gradation in

chemical structure. Gradation in chemical structure will result in gradation of the mechanical and
physical properties.
[0051] 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

[0052] By using mixtures of polymers that have been previously extruded, perhaps in layers,
in an injection molding procedure such as those discussed above, pelishing pads having the
graded characteristics may be produced. This way of producing simple physical mixtures of
polymers is direct and easily applied to changing demands upon a producer. The reselting
gradation of properties will be according to the mechanical and physical characteristics of the
individual polymers. 7

[0053]  This method can lead to microdomain gradation.

Microcellular (Mucell molding)

[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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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 ports with different
flow rates in order to attain ,grading. The resulting pad will contain differing amounts of included gas at
differing points and achieve a difference in hardness or density. Reaction iniection molding (RIND
[0050]Particular polymeric systems (e.g., polyurethanes) are amenable to molding steps using the RIM
techniques. In this molding process, instead of injecti reviously synthesi I r e
constituentlprqéﬁ]omeﬁﬁeﬁwﬁg%?ﬁ%ﬁ?@ﬁﬁa@ %%%%iﬁﬁ%eésg%g’n%ﬁ%%ﬁ%ﬁ%@%ﬁ)@t@s C\?/f{/glli}e as the
initiating age:mts sunckehiiihaxtentens sré tadictandhtirerresufting fixnrbiscppiiietisdacitile

molding. To make a graded pad, mMultiple ROME BIeHISRALIQ SEIWP AE BAtR BeSghanomeric
units (arid corresponding ¢hain ex enders) to achieve gradation in chemical strugture. Gradation in

chemical sthecrefer witiasodtha pradAne st iieiprabrmsardarsia HadR; 857898198y

differentially, adging, themanamers e diieramin thisipathadpiayshd tisechier produsesteigraded pads
as well as the continuous pads discussed above Lani1ellar i iggﬁie%rétmgldingog@égl a@iglgimixtures of

polymers trilt ader Fedepprtiioaa/exirided parRap Mec

sarllﬁq%ﬁi/ers, In"an injection molding procedure
such as thase disatisisetotbo e polishinilpans heaiinguh & YR dexsehapmadrstcEatsiPp duced.
This way of 5’59%“84@@5&&38'&8%%1& Dixtirea ot pebimessis diagtand.asivaprissiie ghanging
demands u%on a producer. 'ﬁe resulting gradation of properties will be according to g;ﬁ?mechamcal
and physicahé sz wiasatizstisHEnran AT RNy EHS: BB Tihis EHT0 8"CHEEE W Hficrodomain
gradation. \.ufer 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.



Microcellular (Mucci] molding) [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. [0055]The goal of using a
graded pad for a CWIP process is to allow different regions of the wafer being polished to be exposed
to different chosen regions of the polymer pad in a selected manner. For example: it maybe beneficial
for the outdilgerifheter of the wafer to be exposed to the softer regions of the pad where the frictional
shear force is higher than the harder regions of the pad; in comparison it may be beneficial for the

e g or i Wi bapaRad I IRy PR AL atinAd e A IBher
planarization length. Since boththe wafer and the pad are in motion (rotation, oscillation) during any

CIVLP prodessngsimgliblese griersdqaighibing adsine prsiiatimm WHET AbS qerae o &8I iBution

models would achieve simylianepus lnsahapdgiebalnlanaiizationstheanantiakemeyakeate,
defectivity, erosion, and dishing of the wafer and the effective planarization Iengég %CM? process

depends upersthuoldiffraim aieny rvina JESEiRpPRBHSAL R AHEF ISR Brossem; PRIAEE density,

asperities] gfthepad materia @uematinsal-gradadpofistagipads permit choice of the local and
global physical pad parameters allowing improvement of these CMP shortcomings. CLAIMS 1.A

functionally grade lishing pad for a CM? pro i5ing,A3 89lishing gt naviagadglishing
surface for polishig'g éciﬁ%%grtlf?%%%lt‘é rmg%g}%rm g%%i%c%ﬁ%@dqfor Léj)rse in aQCI\l/IP Iggra(})ycedure, wherein
the polishingesupfaeepslpmeapiece, substantially flat, and comprises at least two different areas having

differing physical characteristics, and wherein the different areas comprise two or more different

molecular weight polytyethangsally grdddpofinatiopallyraanied potishing waetah diaidlishihe pain the
polishing pad further comprises polyurea. |, 3. The functionally graded polishing pad of claim 1 or
claim 2 wherEthahopBRisR e palt ﬁ?ﬁﬂ‘?g?rcomprises a chain extender. 4. The functionally graded
polishing pad of claim 3 comprising poly(urethane-urea) that is made by a process wherein the

isocyanate is reactedlivthutetigreliaierefiol nitshizamabotboleim e prapinpm eplHardb BhHysaLBatly
reacted Withlsdrir?argé%? %I '191108%%%%9{ tﬁ@@&?&g%q?fé&{éﬂmim%ﬂg|¥1§Hﬁ?ﬁf@%@&%ﬁine to form

a prepolymer that is subsequently reacted with diamine/diol curatives or chain extender to form

the poly(urethane-urea).

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 material.

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 least 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
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.
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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 material, 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 least one of the at least two
areas is annular. 10, 9hd heftiosiibnatyegraciitinglisiing auacDlamys Of tlahersis-Bavh &asittite at least

two areas each comprise a different polymeric material ' ' i s and
wherein thes SR BB a A e e  a e
functionallysgradedtipoishiggipadghsitipobelaierstBeg iltrstSirothis 2t iaet B e ®ch comprise a

different polymeric material having different physical parameters and wherein the change in

composition betwgen-the AhleRSEIe-AERSJS RS RHBUTUSCHRAGR:s 1-10 BhcThe thenctienatiyavaded
polishing pad of any of claims 1-10 wherein the at least two are, eachhcom rise a gﬁfferent polymeric
! %?f 15, and

material hadipi§ BAFBIRITRRIHY A FAFARAY B SRR O e PUH T8 BRSIST Wit AR edge and a
center and {hpRdogcoRapsisesbRevAien adgk thel eentraeonh inselpanutipeiser eacauneh wiktedn the

change in composition between the ed nd the, center is.a contin. %W%% doekndlhe
functionally“ﬁ?éﬁectﬂ’rBBT@?ﬁﬁ&O‘ég& B A s %Sec }barn ulgecgrgg}&t]#éa%sr%cess of Seqnential injection

molding of atdeadt bvepblyonertangenpositions to form said at least two areas. 13. The
functionally graded polishing pad of any of claims 1-11 produced by the process of simultaneous

injection molding qa&@@%&‘@my@@&&%m%tm%%ﬁ?rm%@o@&dmdm Bya@RSprocesslf. The
functionally graded polishing pad of any claim above wherein at least one_of the.glt%tli%ast two polymeric
0

compositiorssauseiia saisca Bl s ShANEAR UM BRI BRSNS MR o

wo
sition in the
block copolypgr over distance.

13. The functionally graded polishing pad of any of claims 1-11 produced by the process

of simultaneous injection molding of at least two polymeric compositions to form said at Jeast

two areas.

14, The functionally graded polishing pad of any claim above wherein at least one of the
at Jeast 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 over 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 isocyanate
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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 over distance.
17. A method of making a functionally graded polishing pad for a CIViP 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 lon In. diel hi ightisocyanate
epolymer,pé?ﬁf{%rﬁﬁ’ﬁ ﬁg%‘?ﬁéggﬁ%ﬁ% yp?r%ag)% rﬁ%ﬁfvﬁ#ﬁ ‘gli‘gl é%)r{;at{l{\%@érg gf{j g%%%%r%%%%%%ﬁhﬁ a
polymer suifablenéos @itk for CNI®. 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 dial to form a high

molecular weight,isogyanateJarenalymen, anskipastiogwith siamips aneiomsiahtiy adiemet Bhain

extenders to form a polymer suitable for CMP, = 20. The methad of claim 18 or claim.19 wherein the
isocyanatdib AeAFEs2E BRSGREEOBHM RS chain fa?ﬂaeﬁféfﬁ@f tc?f(%aw 5@%‘%@%%?%@%%8&
copolymerdaasiffe feaiapnstitaanicpaiygetin domprsitidfoniiel cistdneeor chaidzx®néeméthod of claim
20 wherein the concentratjo o%th mlplecular units of the block copolymer of the pad varies over
distance. B8 PPREHSHBRS OélgM 22 wherein the variation in concentration of the molecular units

of the block copolymer over distance provides hardness gradations in the pad.,
20. The method of claim 18 or claim 19 wheren the isocyanate comprises a block

copolymer.

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

polymeric composition over distance.

22 The method of claim 20 wherein the concentration of the molecular units of the

block copolymer of the pad varies over distance.

73. 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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