POLI SH NG PAD BACKGROUND [ 0001] This specification relates to polishing
pads useful for polishing and planarizing substrates, including
patterned waf er substrates associated with the nmanufacture of

sem conduct or devices. [0002] The production of sem conductors typically
i nvol ves several chem cal nmechanical planarization (CVWP) processes. In
each CMP process, a polishing paROLISHINGOPABti on with a polishing

sol ution, such as an abrasive containing polishing slurry or an
abrasive-free reactive liquid, renoves excess material in a manner that
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feature sizés decrease, CM-induced defectivity, such as, scratching,
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consumables, such as polishing pads and polishing solutions.
[0003] In particular, low k and ultra-low k dielectrics tend to have lower mechanical
strength and poorer adhesion in comparison to conventional dielectrics that render
planarization more difficult. In addition, as integrated circuits’ feature sizes decrease,
CMP-induced defectivity, such as, scratching, becomes a greater issue. Furthermore,
integrated circuits’ decreasing film thicknesses require improvements in defectivity while
simultaneously providing acceptable topography to a wafer substrate--these topography
requirements demand increasingly stringent planarity, dishing and erosion specifications.
[0004] For example, one source of gross defectivity with copper-low k wafers is

~ delamination of low k dielectrics due to their poorer mechanical properties. In order to
minimize such defectivity arising from delamination, there is a trend toward “gentler”
polishing conditions, including lower polishing head down-force. Closely coupled with this

trend is a belief that high friction between the wafer and pad increases defectivity.



1 Unfortunately, it is often observed, however, that reducing friction
unaccept ably reduces polishing renoval rates to commercially
unacceptable rates. [0005] Low k copper patterned wafers can show
unacceptabl e | evel s of defectivity, but good topography with Rodel's

| CI 0O00TM series polishing pads. These pads consist of a porous
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For exanple, Janmes et al., in US Pat. No,_ 6,454,634, disclose a porous
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The invention provides a polishing pad useful for planarizing
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i nvention provides a polishing pad useful for planariziing sem conductor
subst r agiemg good phavlatigdtiomgsapafices aefecti eitynperformahgearet usarpen pgshinggradc
mat eri al. having a porosity of at |east 0.1 volung percent, the
pol yur egiNmgdowlsferauity sagriicey planaralipg Peréprmancs. r bisathsreis idgmand f¥ct i on
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havi ng Rwbddfedtiitg. 6 wei ght percent NCO and an NH2 to NCO stoichionetric
ratio of 80 to 110 percent. [0009] In addition, the invention provides a
met hod of polishing a sem conductor substrate including the step of
pol i shi SHATEMIQEHOIOMIVENGIONubstrate with a polishing pad useful for
| anari zi ng sem conduct or bstrates, the | i shing. pad c rising a
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substrates, the polishing pad comprising a polymeric material having a porosity of at least
0.1 volume percent, a KEL energy loss factor at 40 °C and 1 rad/sec of 385 to 750 1/Pa and
a modulus E' at 40 °C and 1 rad/sec of 100 to 400 MPa.
[0008] An additional aspect of the invention provides a polishing pad useful for
planarizing semiconductor substrates, the polishing pad comprising a polyurethane
polymeric material having a porosity of at least 0.1 volume percent, the polyurethane
polymeric material being formed from a prepolymer reaction product of toluene
diisocyanate and polytetramethylene ether glycol with 4,4’-methylene-bis-o-chloroaniline
and the prepolymer reaction product having a 5.5 to 8.6 weight percent NCO and an NH; to
NCO stoichiometric ratio of 80 to 110 percent.
[0009] In addition, the invention provides a method of polishing a semiconductor
substrate including the step of polishing the semiconductor substrate with a polishing pad
useful for planarizing semiconductor substrates, the polishing pad comprising a polymeric

material having a porosity of at least 0.1 volume percent, a KEL energy loss factor at 40 °C



material having a porosity of at least 0.1 volune percent, a KEL energy

| oss factor at 40 C 2 and 1 rad/sec of 385 to 750 1/Pa and a nodul us Eat
40 C and 1 rad/sec of 100 to 400 MPa. DETAILED DESCRI PTI ON [ 0010] A
polishing pad's energy |loss factor nmeasured at a lowrate (1 rad/sec) has
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danping ability of the material. [0013] Polishing is a dynam c process
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a measure of the degree to which a material behaves as an elastic solid; and the viscous
stress is a measure of the degree to which the material behaves as an ideal fluid. The elastic
and viscous stresses are related to material properties through the ratio of stress to strain (or
modulus). Thus, the ratio of elastic stress to strain is the storage (or elastic) modulus and
the ratio of the viscous stress to strain is the loss (or viscous) modulus. When testing is
done in tension, flex, or compression, E’ and E” designate the storage and loss modulus,
respectively. ‘

[0012] The ratio of the loss modulus to the storage modulus is the tangent of the phase
angle shift (8) between the stress and the strain. Thus, E”/E’ =tan & and is a measure of the
damping ability of the material.

[0013] Polishing is a dynamic process that usually involves cyclic motion of both the
polishing pad and the wafer. Energy is transmitted to the pad during the polishing cycle. A
portion of this energy is dissipated inside the pad as heat and the remaining portion of this
energy is stored in the pad and is subsequently released as elastic energy during the

polishing cycle.



portion of this energy is dissipated inside the pad as heat and the
remai ni ng portion of this energy is stored in the pad and is subsequently
rel eased as el astic energy during the polishing cycle. 3 [0014] There are
several paraneters that describe the danping effect of a polishing pad
gquantitatively. The sinplest is tan 8, defined above. However, a better
par amet [@014Jor Thaeed sivierat pamieths thgt descritor e demping effeotwl aolishmg pEder gy
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chl ori onate, polyethyl ene copol'yners, pol ybutadi ene,

pol yet hyl ene imne, poly hanes, t yet.her . sulfone, pol yether im de,

pol yket ones, epoxies, silﬁgghég?n%gb olyﬁ%r§+?wgigof and m xtures thereof
Preferably, Ehe.polyneric material is a polyurethane; and nost preferably
it is awberedsis$ imRasdalpol yur et hane. For purposes of this specification
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pr oduct jmgifie,] polalr¥dandshpolpétaoesutfoh pobfettan imilegydpladtenes, epoxies, silicones,
copolymers thereof and mixtures thereof. Preferably, the polymeric material is a
polyurethane; and most preferably it is a cross-linked polyurethane. For purposes of this
specification, “polyurethanes” are products derived from difunctional or polyfunctional
isocyanates, e.g. polyetherureas, polyisocyanurates, polyurethanes, polyureas,
polyurethaneureas, copolymers thereof and mixtures thereof.
[0017] An approach for controlling a pad’s KEL value is to alter its chemical
composition. In addition, the morphology of a polymer intermediate dictates its final
properties and thus affects the end-use performance of the polymer in different applications.
The manufacturing process affects the polymer morphology and the properties of the
ingredients used to prepare the polymer.
[0018] Preferably, urethane production involves the preparation of an isocyanate-
terminated urethane prepolymer from an organic diisocyanate and either a polyol or a
polyol-diol mixture. For example, organic diisocyanates include 2,4-toluene diisocyanate,
2,6- toluene diisocyanate, 4,4'-diphenylmethane diisocyanate, naphthalene-1,5-
diisocyanate, tolidine diisocyanate, para-phenylene diisocyanate, xylylene diisocyanate,

isophorone diisocyanate and mixtures thereof. Example polyols include polyether polyols,
4



term nat ed urethane prepolynmer froman organic diisocyanate and either a
polyol or a polyol-diol mxture. For exanple, organic diisocyanates

i nclude 2, 4-toluene diisocyanate, 2,6- toluene diisocyanate,
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maintaining the cross-linking within a consistent range. In addition, it is often important to

contro] additives such as anti-oxidizing agents, and impurities such as water for consistent
manufacturing. For example, because water reacts with isocyanate to form gaseous carbon
dioxide, controlling the water concentration can affect the concentration of carbon dioxide
bubbles that form pores in the polymeric matrix.

[0021] The polyurethane polymeric material is preferably formed from a prepolymer
reaction product of toluene diisocyanate and polytetramethylene ether glycol with 4,4°-
methylene-bis-o-chloroaniline. Preferably, the prepolymer reaction product has a 5.5 to 8.6
weight percent NCO and more preferably 6.0 to 8.6 weight percent NCO. Examples of
suitable prepolymers within this NCO range include: Airthane™ PET-70D, PHP-70D,
PET-60D manufactured by Air Products and Chemicals, Inc. and Adiprene™ LF600D,
LF601D and LF700D manufactured by Uniroyal Chemical Products division of the

Crompton Corporation. In addition, blends of those listed above or other prepolymer blends



reacti on product of toluene diisocyanate and pol ytetranethyl ene et her
glycol with 4,4'- nethyl ene-bis-o-chloroaniline. Preferably, the

prepol ymer reaction product has a 5.5 to 8.6 weight percent NCO and nore
preferably 6.0 to 8.6 weight percent NCO Exanples of suitable
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cantilever fixture with a strain of 0.3 %
preferably, the KEL measured at 40°C and 1 rad/sec is between 405 and 600 1/Pa. For
purposes of this specification, all physical property measurements represent bulk values
obtained with a Rheometrics RSA II dynamic mechanical analyzer, using Rheometrics
software, RSI Orchestrator version 6.5.8 and a spring-loaded dual cantilever fixture with a
strain of 0.3 %.
[0024] In addition, the polymeric material’s modulus, as measured with a dynamic
mechanical analyzer at 40 °C and 1 rad/sec, contributes to the pad’s performance. A
polymeric material having a modulus of 100 to 400 MPa provides the polishing pad with
sufficient rigidity to polish multiple wafers. Preferably, the polymeric material has a
modulus of 120 to 350 MPa and most preferably, between 140 and 300 MPa under these
test conditions.
[0025] In addition, the pad material’s bulk hardness (including porosity) can have an
effect upon polishing performance. Most preferably, the pad material has a Shore D
hardness of 20 to 60.



[0024] In addition, the polymeric material's nodulus, as neasured with a
dynam ¢ nechani cal analyzer at 40 C and | rad/sec, contributes to the
pad's performance. A polyneric material having a nodul us of 100 to 400
MPa provides the polishing pad with sufficient rigidity to polish

mul tiple wafers. Preferably, olymeric materjal has a  nodulus, of 120

. y, the
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conditigns. [0 hn additi the pad material's bul k hardness
(i ncl udt?lﬁémB r\’g‘i?{)%mrégaﬁeqtoé}\?gﬂ%h ef fect upon polishing performance. Most
preferably, the pad nmaterial has a Shore D hardness of 20 to 60. 6 [0026]
The foll ow ng,plabl e (Table 1) summarizes the physical properties that can
achieve the 1 nproved polishing performance. Table 1 Property Broad
| nt er nedi at erdyartyow KEL at Bfda€@ and 1 389nteemdditke395 |to 7Q0ard®b to 600

rad/ seC i/ Bud=c atd #0 C and 1 100 to[400 120 to 350 140 to 300 radj]sec
( MPa) [Oo%ld/séc"(mﬂfi tijon, BRe&e7¥dI i shing gAY & porlous ¥RdoEAt ai n a
v, A o ANet Ia) nt h

por osi py—p+—at; teast—o6; H—Thi-s—porostty—contrtbutes—to t he
pol i shi n& Bta‘H) Cand f | tly toippanader palishipgio $30ui ds.| Prefsoriaboy, the

pol i shingrgsHeecNPa) porosity of 0.2 tad 70 volune percent. Mbst

preferably, the polishing pad has a porosity of 0.25 to 60 vol une percent.
Preferably the pores or filler particles have a wei ght average di aneter
of 5 to[ph89 Mn Q&ﬁﬁorﬂ&l@s@?@@élﬂng pddd rdYr6Ss A1d dontdilh Bty 6f f9ehiavg a

wei ght average dianeter of 10 to 90 m™ Furthernore, a welght average

di anet evolodie porcent. Ahinpdrosist cqutrefueesab ity pdlBhing 28’ sbilasmo frandférgrolishmpg ove

l'i shi f : i nal '
i cr os pRBHBSPreRTRNgtibe a0 CRABEPeA BarBROy S 0 APOR A mOPEGERD NRS
c Prelsqhlgibe. , _
m or ospher ity b PRSI R by BFUBRI0RG SR AL, PREFly the

unexpangiges & i@ panrRleha®X Rarektt Avérhidididibeich 8f § 85 100Mgm. FRfosexefpdity, 6 to 9
m wei gﬂ? averagzﬁgi anet er (unexpand%d) will grow togTS to 25 m amr:{i 10 to

16 m wethglpbresav éitlaggarticlaskivera Weigbtparage djamdgtéd ofd0dw 90 unBOF trthesory, a

red

1 v-ol-HBe-——ne
XL vorurc pociT o

p=

weight average diameter of 10 to 30 wm (most preferably, 15 to 25 pm) can further improve
polishing performance. The nominal range of expanded hollow-polymeric microspheres’
weight average diameters is typically 10 to 50 um. Optionally, it is possible to add
unexpanded hollow-polymeric microspheres directly into a liquid prepolymer blend.
Typically, unexpanded microspheres expand in situ during casting. For example, 6 to 9 um
weight average diameter (unexpanded) will grow to 15 to 25 pm and 10 to 16 um weight
average diameter (unexpanded) will grow to 30 to 50 pm.

[0028] It is possible to introduce the porosity by casting hollow microspheres, either pre-
expanded or expanded in situ; by using chemical foaming agents; by use of dissolved gases,
such as argon, carbon dioxide, helium, nitrogen, and air, or supercritical fluids, such as
supercritical carbon dioxide; by sintering polymer particles; by selective dissolution;
mechanical aeration, such as stirring; or by using an adhesive to agglomerate polymer
particles.

[0029] If the polishing pad is a polyurethane material, then the polishing pad preferably
has a density of 0.5 to 1.05 g/cm3 . Most preferably, polyurethane polishing pads have a
density of 0.7 to 0.98 g/cm’. In addition, polyurethane polishing pads preferably contain

crosslinks for improved strength and mechanical and thermal stability.



[0028] It is possible to introduce the porosity by casting holl ow
m crospheres, either pre- expanded or expanded in situ; by using chem cal
foam ng agents; by use of dissolved gases, such as argon, carbon di oxi de,
helium nitrogen, and air, or supercritical fluids, such as supercritical
carbon di oxi de; by sintering polymer particles; by selective dissolution;
mechanilb@mpdesr at i on, such as stirring; or by using an adhesive to

aggl o thcles. 0 Lf it I Shi '

ol yor dbfic” b BymeR® il oo e Shorat e n i SRR gy 1y of
0.5 to iéoéfi}%eaés%ﬁuem p@ﬁﬂgﬁeﬁb\kfﬁ{h 4 ol RERaFie- oRtldrahnilige MABE Alave a
density of 0.7 to 0.98 g/cnB. In addition, polyurethane polishing pads

pr ef er a4I°¢ foothe prepolymersmidi i k3C farMBFY) o Ve garticulen gatowsrtglugge hani cal and
thermal stability. 7 Exanple 030] The pol [ ad terials.

pr epar éHfOE%);I%Pé@FiED\I/]a‘Mﬂ&H IYE?Z@G%P%?%‘]F etheg Sgﬁﬁﬁ@ﬁi\gggipﬁpg yl‘fé?ﬁégﬁﬁ’?’@églr §rrer s
with 4,4 Ni hj t ; I
and 114017 e PUEHn i ffa SR Reaan L IR e e B e R Y
Wi t h podnyihe hdiRes ksl tigtehd@y the bydee bf § BTVaGhutpes e Ithaetdstigr efhodled

polishing pads with different properties. At this tengerature,

th
ur et hargslyoeys micsospbaess (EXRANCTR x 8 UEE4Q942 anagafactures bﬁkﬁmo?ﬁlh@ﬁhﬁf 4to

9 mnutes aft t he additi.on of .hollow pol ri ]

( EXPANCEEYS- 353 BE&@B&'F casigpay “pe ﬁkaz“%err{%b"efﬁ)o B3 m%ﬁi ranee° $he

m cro sghenesn had werdBieahdd A\MpAJENSERTES® rpaf ushth 4 BighQhsar ttixkhtoa range of
5 to 200 m and were blended at approximately 3,600 rpm using a high
shear newealy distribeteeihd mictbsptheresin thetrhitur.c The fiha maixtirey wah ransfaired ©.2 The
final mxture was. transferred to_.a. nold and permtted to gel for about 15
m nut esmoldgmd perpiisd i gel %b‘{”ﬁiﬁnﬁp‘%%d in a curing oven and cured with a

cycl e g@o%gyc?ﬁ? I'n%ol(ﬁ {af {Héa T4l ﬁﬁ% F@%@veﬁﬁaﬂﬁ‘cﬂ@aiv@m a ERIIDES ffl8GE: 10 a set

poi nt teen and“one urs at 104C and two hours with a
set poi fhirty mehig@dain@ed Irof anfbienttemgedtias td £iet poims of 10K, fistkervadl'otient o t hi n

sheets and macro-channel s or grooves were nachjned in th urface at
r oom t elgdBhairsatel 04RC \and gwa howis gHEY 2 se Rpidf BrdyFEkioZdyCi h%‘? (ng"s‘ﬁ‘?rfl&l@ gvas

roughness. .As. sho in Ja np| : Li.shing pads of
thei ottt | SR LTHBRPEE fofeBshiutel odves IR BGRh BT HS M, PETS 2
surface at room temperature—skiving at higher temperatures may improve surface
roughness. As shown in Table 2, samples 1 to 5 represent polishing pads of the invention

and samples A to D represent comparative examples.

Table 2
Stoichiometric
. Hardnes
" Micro- | Porosity* Ratio Density
Sample Additive spheres (vol‘Vto})l NH,:NCO (g/cm3) (Sll;())re
(Wt%o) (7o)
1 Adiprene LF600D 0.9 20 95 0.96 51
2 Adiprene LF600D 1.8 30 85 0.79 42
3 Adiprene LF700D 0.9 20 95 0.94 57
4 Adiprene LF700D 1.8 30 95 0.78 48
Adiprene .k
5 LF600/LF950A 1.8 30 85 0.79 45
A Adiprene LF600D 0 0 95 1.17 60
B Adiprene LF751D 0 0 95 1.19 58
C Adiprene LF751D 0.9 20 95 0.90 55
D Adiprene L325 1.6 30 87 0.8 57

* Calculated from weight percent microspheres added.

**Conditioning pad samples by placing them in 50 % relative humidity for three days at 25 °C and
stacking three 50 mil (1.3 mm) samples before testing improved the repeatability of the hardness
test.
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Table 3
Applied Materials Mirra® Polisher

f,‘:t‘tf::n;fg‘;‘/’%/s;‘égs‘“ Platen 1 Platen 2 Platen 3
Pad IC1010™ IC1010™ Experimental pad
Initial pad break-in time,
min 10 10 10
Slurry EPL2360 RLS3126 CUS1351
Slurry flow rate, ml/min 150 80 180
Pad cleaner 8105 Electraclean™ NA
Downforce (kPa) 27.6 20.7 20.7
Platen speed (rpm ) 93 33 120
Carrier speed (rpm ) 21 61 114
Time, s 90 90 90
Conditioner= Kinik AD3CG-181060 | AD3CG-181060 | AD3CG-181060
Ex situ conditioning
downforce, kPa/ time, s 62/9 34/15 62/12

Conditioner 180 pm diamond size, 100 pm diamond protrusion, 600 pm diamond spacing
with cubic octahedral diamonds.
EPL2360 and 8105 Eternal Chemical
RLS3126 and CUS1351 Rodel, Inc.
Electraclean™ by Applied Materials, Inc.

Example 1
[0033]

Table 4 compares modulus and energy loss measured at 40 °C and 10 rad/sec to 1)

defectivity for a copper sheet wafer and a Cu/Ta/TEOS patterned wafer; and ii) dishing and

erosion for the Cu/Ta/TEOS patterned copper measured.



Table 3 Applied Materials Mrra(r) Polisher Wafer = Copper Sheet or Platen
| Platen 2 Platen 3 Patterned Cu/Ta/ TECS Pad ICI O OIMICI FI OTM
Experimental pad Initial pad break-in time, mn 10 10 10 Slurry EPL2360
RLS3126 CUS1351 Slurry flowrate, m/mn 150 80 180 Pad cl eaner 8105

El ectracl eanTM NA Downforce (kPa) 27.6 20.7 20.7 Platen speed (rpm 93
33 120 Tabdg 4ier speed (rpm) 21 61 114 Time, s 90 90 90 Conditioner=

KI nl k APRCC. 1010660 AP CC. 101060 1929100
1T TOUUU 1YV LA OT LIUIII

0 ongi
downf orwmg;6%¢@t 52 P 9“?3‘3?‘{5 “B‘Qg-ﬁls‘r‘@f}1&a¥t?%‘ﬁéwa§ Fanel ?ﬁgﬁﬂfe& ze,
100 m ¢i anmorjdOpadds | 403CdA] 60mrfer m giveatesrbebadvarg 00w hnwmgc%étd&nwr al
di anonds. ERL2366 [ardd/8105 ARtge8al | Chefadte &) | RL8BbIG, And (CUSIBSIonRbdel|

Inc. Kl ectriagtaanTM. 19 POfotdefebsierials, Ihc. Exanple {1 [0033] Tablle 4
conpar ¢s nodulyis, andygel gy l(@ss measured at |40 C and 10 rad/sec to i)

def ect irvi tree} T
FERETE DS i 5 e TN I G U ol i L

LAY | II\.:\.‘ A Av} Mmoo Ul

Tabl e 4 Shnpl el4® UOTBKEL @ Patt er hed A%. shed®0pat t ey ned Gt er
Patterned3 wdf €315 10 350/ $ 408110 waf er 24@f er | O bot398vg. 100 unm7#4 ne Avg.
90% densidy | 0;13% [ agfgs Avg. f54 defectg (a) [di shixg, A ef osiogg7 A

A 338 355 138 1219 1146 1395
B 753 130 139 1598 618 1538
C NA NA 160 1315 362 741
D 400 220 151 900 249 533
(a. Orbot™ WF-720 wafer inspection system)
NA is Not Available

[0034] The data of Table 4 do not show any correlation between modulus (E') or energy

loss and defectivity or planarization for samples measured at 10 rad/sec.

Example 2
[0035] Tables SA and 5B compare modulus and energy loss measured at 40 °C and 1

rad/sec to i) defectivity for a copper sheet wafer and a Cw/Ta/TEOS patterned wafer; and 1i)
dishing and erosion for the Cu/Ta/TEOS patterned wafer.

Table SA
Sample [E'40°C| KEL @ | Patterned | Avg. Cu sheet | Patterned wafer | Patterned wafer

1rad/s| 40°C 1 |wafer Avg.| wafer Orbot | Avg. dishing of 100 | Avg. Erosion of
0.3% | rad/s |854Orbot| defects (a) um line, A 90% density
strain, | 0.3% | defects (a) feature, A
MPa | strain

1 197 480 89 171 377 715

2 180 428 75 104 380 654

3 286 428 81 240 399 744

4 189 520 51 97 295 567

A 316 377 138 1219 1146 1395

B 807 126 139 1598 618 1538

C 476 200 160 1315 362 741

D 320 289 151 900 249 533

(a. Orbot™ WF-720 wafer inspection system)

10



strain, 0.2% Orbot defects MPa strain (a) 1 215 452 89 171 377 715 2 148
584 75 104 380 654 3 315 350 81 240 399 744 4 111 848 51 97 295 567 A
338 355 138 1219 1146 1395 B 753 130 139 1598 618 1538 C NA NA 160 1315
362 741 D 400 220 151 900 249 533 (a. O botTM WF- 720 wafer inspection
systen) NA is Not Available [0034] The data of Table 4 do not show any

correl afaba5Bet ween nodulus (E') or energy |oss and defectivity or
pl anarl Zzat ran far sanrh! eS—HPasSHE ad At 10 radl cne Cyvanml A 9 Jnn3:1 Tabl es

et S S T R

5A and |5BMEnEatECHbELG i

to i) defectipimysidp°Gl ¢uppenvahaater b | Ang dighios orOTECE2FaAYEr ned
waf er: |and i) 03%i shiadlg afer @res|sentchdefesthe CyhRTACS plakrogrmeP it er .
Tabl e 5A Sanp| wail, | 40T KEdef@F@ k er n€D Avgl Cu sheet Pat Hesieirats
Patterned wafeMPal| rstrdihs |40C 1 wafer Avg. wafer Orbot Avig. dishing of 100
Avg. Erlosi2on pfig00| 3%28 ad/ sN@b4 O bagv2teferts (aNAurn lijne, AARO0% density
strain,[ 0.,3% dai;ect s ) [Teafure, A a sfrain 197 48 9 1 377 715

C9u8C} 5 584 3?1&536 176 NaTo7 480 8 N4l 37

CRNECEIR T R T I i S | TE N I o T G T
160 1315 362 7487 | 413 NA 245* NA NA

5 137 | 413 NA 326* NA NA

D 400 | 220 3034* 5072* NA NA

(b. Orbot™ WF-720 wafer inspection system fine tuned for small defects.)

NA is Not Available.

* Measured after polishing as shown in Table 3, except that EPL2362 was used on
platen 1 and the wafer inspection system having increased sensitivity, and in the case of
the Cu sheet wafers measured with an algorithm developed to identify “scratches”.

[0036] These data illustrate a strong correlation between KEL and improved patterned
wafer defectivity, improved copper sheet defectivity and improved patterned wafer dishing
and erosion. Polishing pads 1 to 5 were particularly effective at reducing defects for the
Cu/Ta/TEOS patterned wafers and copper sheet wafers. In addition to this decrease in
defectivity, these polishing pads also provided good dishing and excellent erosion
performance. This dishing and erosion performance illustrated the polishing pads’

improved ability to planarize.

Example 3
[0037] This Example compares TEOS (silicon dioxide deposited from

tetraethylorthosilicate precursors) and tungsten polishing characteristics of polishing pad 2
with comparative polishing pad D——polishing pad D is equivalent to IC1000™
polyurethane polishing pads. This comparison relied upon an IPEC 472 polisher at 5 psi
(34.5kPa), 65 rpm platen speed, 50 rpm carrier speed, for 200 mm TEOS wafers and 200
mm tungsten wafers and introduced MSW1500 alumina particle-containing slurry (Rodel,

Inc.) at a rate of 150 ml/minute.

11



D 320 289 151 900 249 533 (a. OrbotTM WF- 720 wafer inspection systen) 10
Tabl e 5B Sanple E 40C KEL @ Patterned Avg. Cu sheet Patterned wafer
Patterned | rad/s 40C 1 wafer Avg. wafer Orbot Avg. dishing of 100 wafer
Avg. 0.3%rad/s 854 Orbot scratch defects urn line, A Erosion of 90%
strain, 0.3%defects (b) (b) density feature, A MPa strain 2 180 428 NA
192* NAOBRS] 2Takls 658mpsresIIAEAS ad Nagsten fea®vBBeated77* 383* NA NA 5 137 413
NA 245* NA NA 5 137 413 NA 326* NA NA D 400 220 3034* 5072* NA NA (b.
O bot TM WF- 720 wafer inspection systemfine tuned for small defects.) NA
is Not Pabd¢ Pable. * Measured after polishing as shown in Table 3, except
t hat ERE2362—was—used—on—ptaten_tgnd—thewafer i"°§§fﬁﬁﬂ5},§? systerrhavi ng

i ncr eas itdriali ty,| and_in # plg of the sh r's. asbur ed
with a e\gia%gﬁ hﬂm dpzpl Ope%em‘?)vail et ﬁ@lmqrr atch movgh%ﬂéﬁ}(ﬁmg dat a
i |1 ust r|dfumgstest rong cofrrel ati on WdPween KEL and i nprové@4patterned | wafer
def ecti|VIEQS i nproved [copper shegd7 defectivity and inpr2dded patterned
waf er dishing and erosion. Polishing pads 1 to 5 were particularly
effecti t I ] e hS,,and
copper [:bﬁégt \‘{ggggﬁg B@F%B% dlrﬂt§l ftgagé P%Q?H}@@-ég@-ég@a@?& ee;@gts Y 1tg ;%Smt hese
pol i shi gignp@iden &) $Eorvieaibrile @olgarthaae pbiistingpal efvagipleDiforthe sbaditions
performance. This dishing and erosion performance illustrated the

pol i shitesfepads’ inproved ability to planarize. Exanple 3 [0037] This

Lot 1 not WROF « haer/ el Spmper T508) iR TEmaey dhr hRTRA S Sonsh 20U ot cs

of polishi 1 .M &c:Ro L sminmg; 9 h is
equipval %ﬁft gaglgpela% t%sé%dé\&rvﬁl\t/lﬁ AP B Ze¥ GsiRB 'ah SEMIVisRAMM gl G hieR@t Bady Zer

from Applied Materials, Inc.

Table 7
Sample 2 Sample D
Run Total Defects Total Defects
1 1463 12869
2 1623 7406
3 375 6089
4 704 7352
5 382 5320
6 1308 5848
7 575 NA
8 1583 NA
9 292 NA
10 284 NA
11 1346 NA
12 631 NA
13 327 NA
14 262 NA
15 1047 NA
16 1243 NA
17 526 NA
18 992 NA
19 210 NA
20 339 NA
NA is Not Available
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pol yur et hane polishing pads. This conparison relied upon an | PEC 472
polisher at 5 psi (34.5kPa), 65 rpm platen speed, 50 rpmcarrier speed,
for 200 nm TECS wafers and 200 nm tungsten wafers and introduced MSWL500
al um na particle-containing slurry (Rodel, 1Inc.) at a rate of 150
m/mnute. 11 [0038] Table 6 conpares TECS and tungsten renoval rates.

Tabl e 6[0041ler ThedataiodTabgrpillustmtstheppelishingmadaprpvings & signytiant RAVRHPRI Rat e

(AVmn . t.e 149 1845 TEOS 207 233 [ 0039 he data of Table 6

i |1 ust r’é‘t-[lgélﬂg dgﬁ%gﬁw%}i ‘é"éfﬁf ﬁ?e"r‘?ﬁ%@? R 6‘%‘&4@ 15}”83_0 @S(ri?ﬁf“éergloln%i conpari son
toac ' ieally, ahin18a-BétaifingShirRk s rddult @ highe

condi t?lgarqg&%%hgg? %CPQ{%%@%% mgg?lgay’%gﬁngwacongarnégs TEOSr waf er defectivity
for sangdfect®ityastabsd Ruirthbrnde rsevaral elittle defiepts edebtified aftet polishing withnise anal yzed
usi ng an SEMVi si.onTM npdel & defect. analyzer from Apoé{)l i.ed Materials,

Inc. TaAmple2 galigies padsmap haveyesylizd fmosm RPOTIBUBING VRS B ect s 1 1463

Na 5 14PN 3 kg il 4 péy e chlblnadiorto® 53457 55

planarization ability and low-pad-induced defectivity. For many applications, these
polishing pads have the planarization ability of stiffer polishing pads, such as IC1000™
polishing pads, and the pad-induced defectivity analogous to softer polyurethane polishing

pads, such as, Politex™ polishing pads.
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12 631 NA 13 327 NA 14 262 NA 15 1047 NA 16 1243 NA 17 526 NA 18
992 NA 19 210 NA 20 339 NA NA is Not Available 12 [0041] The data of
Table 7 illustrate that polishing pad 2 provides a significant reduction
in TECS defectivity under the conditions tested in conparison to the
conventional polyurethane pad of Sanple D -typically, alum na-containing
slurrieSlam®gult in high defectivity totals. Furthernore, several of the

i ifi Li_shi. i th | e 2 polj.shi d
AP TR SR RS R e A A R Y
pol i shi agnRagiss £polyDRVISINa Ry RMES ST N3t RSl of At RAGM) ZatiupR ability

and | ow pad-induced defectivity. For many applicafions, these polishing
pads hapecantehe palyardthemeipofynadsid matgrialfbesitg fofreed fromi spiepgypadssacsach as

| CI 000TM ,pali.shin ads, and the pad-indyced defectivity anal ogous to
Sof tor PO EEIHHAE BEPr LR SRhEct Stk 8% ctho ol MU eRAg rads.
13 d aigs:,. pak i, shi . ful . 1 7] ' .

subst 1 a6, rgtubf ST A BRA B e o Bl ERRLEL B SO SROALS Chn

mat er i aNCleaaiden MHpay NSIG stohicatettieasiv 07.80 tv ol Wip&cemer cent, the _

pol yuret hane pol yneric material being forned froma prepol ynmer reaction
pr oduct 2-0f ¢ BOlifdHE RAd of sédpmnlawBergdthp orapobreaneackon erasuet ikssra @h (ocdf wit h

4, 4" - met hyl ene-_ bi -chloroaniline and the prepol yner reaction product
havi ng %’eéb pﬁtrgelgfl\gj@ei ght percent NCO and an NH2 to NCO stoichionetric

rati 0I 0f. BRe b@hstlﬁi% Wr(ﬁ?ﬂﬁil?l lﬁwhgﬁéﬁ%tg@tpgﬁgﬁlyp&mg?mﬁ{ris@slé ?Egp%%’%mc%ﬁﬁérmt he

PrEpo ylrxrglringr f%CEIJ eonr::rgpyr I%SSIJFEIC'(OI' 2?4(?% and | rad/sec ofBSgto 75pO 1/Pa, a modulus E' at
40 °C and 1 rad/sec of 100 to 400 MPa.
4. The polishing pad of claim 1 wherein the polishing pad comprises a polymeric material
having a KEL energy loss factor at 40 °C and 1 rad/sec of 395 to 700 1/Pa, a modulus E' at
40 °C and 1 rad/sec of 120 to 350 MPa.
5. The polishing pad of claim 1 wherein the polishing pad comprises a polymeric material
having a KEL energy loss factor at 40 °C and 1 rad/sec of 405 to 600 1/Pa, a modulus E' at
40 °C and 1 rad/sec of 140 to 300 MPa.\
6. A polishing pad useful for planarizing semiconductor substrates, the polishing pad
comprising a polyurethane polymeric material having a porosity of at least 0.1 volume
percent, the polyurethane polymeric material being formed from a prepolymer reaction
product of toluene diisocyanate and polytetramethylene ether glycol with 4,4’-methylene-
bis-o-chloroaniline and the prepolymer reaction product having a 6.3 to 8.5 weight percent
NCO and an NH; to NCO stoichiometric ratio of 80 to 110 percent and a Shore D hardness
of 20 to 60.
7. The polishing pad of claim 6 wherein the polishing pad comprises a polymeric material
having a KEL energy loss factor at 40 °C and 1 rad/sec of 385 to 750 1/Pa, a modulus E' at
40 °C and 1 rad/sec of 100 to 400 MPa.
8. The polishing pad of claim 6 wherein the polishing pad comprises a polymeric material
having a KEL energy loss factor at 40 °C and 1 rad/sec of 395 to 700 1/Pa, a modulus E' at
40 °C and 1 rad/sec of 120 to 350 MPa.
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3. The polishing pad of claim1l wherein the polishing pad conprises a
polynmeric material having a KEL energy |loss factor at 40 C and | rad/sec
of 385 to 750 1/Pa, a nmodulus E at 40 C and 1 rad/sec of 100 to 400
MPa. 4. The polishing pad of claim1l wherein the polishing pad conprises
a pon r. ing,a KEL ner | oss factor at 40 a

rad/ sec Oﬂﬁgggxﬁgng@@igfgawgg ?¥§%¥@PgpﬂéC@ﬁﬁ%ﬁ”f*%%ﬂ?@%bmﬁﬁnﬁ20 to
350 MPahapin Eh@EIQ%ér%?'M@ fﬁ’é%g 29f40®baf!nﬂ‘ ljiam&f@f@sttB%OQQ/PaSQ'lﬁ&luﬂﬁdE at
conprises a polyneric material having a KEL energy loss factor at 40 C
and | rd@/SemddfradBbc 6014600 3D0/MBa. a nodul us Fat 40 C and 1 rad/sec of
140 to 300 MPa. 6. A polishing pad useful for planarizing sem conductor
substrates, the polishing pad conprising a polyurethane polyneric

mat eri al having a porosity of at least 0.1 volune percent, the

pol yur et hane polyneric material being formed froma prepol ymer reaction
product of toluene diisocyanate and pol ytetranet hyl ene ether glycol with
4, 4" -met hyl ene- bis-o-chloroani |ine and the prepol yner reaction product
having a 6.3 to 8.5 weight percent NCO and an NH2 to NCO stoichionetric
ratio of 80 to 110 percent and a Shore D hardness of 20 to 60. 7. The
polishing pad of claim®6 wherein the polishing pad conprises a polyneric
material having a KEL energy loss factor at 40 C and | rad/sec of 385 to
750 1 /Pa, a nmobdulus E' at 40 C and 1 rad/sec of 100 to 400 MPa. 8. The
polishing pad of claim6 wherein the polishing pad conprises a polyneric
material having a KEL energy |oss factor at 40 C and 1 rad/sec of 395 to
700 1 /Pa, a mobdulus E at 40 C and 1 rad/sec of 120 to 350 MPa. 14 9.
The polishing pad of claim6 wherein the polishing pad conprises a
polyneric material having a KEL energy loss factor at 40 C and 1 rad/sec
of 405 to 600 1/Pa, a nodulus E' at 40 C and 1 rad/sec of 140 to 300
MPa. 15
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