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i nterconnects. Afterwards, an insulating layer is applied over top 20 of
each netal interconnect, between the netal interconnects and over the
surface of Bagkgrouride| ectric | ayer. The insulating layer is typically a netal
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as well as the nature of any subsequent processing steps to which the wafer
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metal interconnects are typically made by first depositing a continuous layer of the metal

on the dielectric layer. The metal is then etched and the excess metal removed to form the

desired pattern of metal interconnects. Afterwards, an insulating layer is applied over top

20 of each metal interconnect, between the metal interconnects and over the surface of the
dielectric layer. The insulating layer is typically a metal oxide such as silicon dioxide,

( BPSG (borophosphosilicate glass), PSG (phosphosilicate glass), or combinations thereof.
The resulting insulating layer often has a front surface that may not be as "planar" and/or
"uniform" as desired.

25 Before any additional layers of circuitry can be applied via a photolithography
process, it is desired to treat the front surface of the insulating layer to achieve a desired
degree of "planarity” and/or "uniformity;" the particular degree will depend on many
factors, including the individual wafer and the application for which it is intended, as well
as the nature of any subsequent processing steps to which the wafer may be subjected. For

30 the sake of simplicity, throughout the remainder of this application this process will be
referred to as "planarization". As a result of planarization, the front surface of the

insulating layer should be sufficiently planar such that when the subsequent
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The metal(s) and oxide dielectric material(s) located on the modified surface of the wafer

20 inherently have different physical characteristics, such as different hardness values. The
abrasive treatment used to modify a wafer produced by the Damascene process must be
designed to simultaneously modify the metal and dielectric materials without scratching
the surface of either material. The abrasive treatment creates a planar outer exposed
surface on a wafer having an exposed area of a2 metal and an exposed area of a dielectric

25 material.

One conventional method of modifying or refining exposed surfaces of structured
wafers treats a wafer surface with a slurry containing a plurality of loose abrasive particles
dispersed in a liquid. Typically this slurry is applied to a polishing pad and the wafer
surface is then ground or moved against the pad in order to remove material from the

30 wafer surface. The slurry may also contain chemical agents or working liquids that react
with the wafer surface to modify the removal rate. The above described process is

commonly referred to as a chemical-mechanical planarization (CMP) process.

2.



commonly referred to as a chem cal -nnechani cal planarization (CVWP) process.
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el enent an enerally coextenS|
abrasive ehsenrited abmh&cztmdslg vathsdigubaaé irod t\?{‘rdlﬂeﬁ prosdss.t Sicher fikedatsagiveal i xed
abrasive elenent with a  wafer surface, and rel ativel y noving the first
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a second abrasive article conprising a second three 30 di nensional fixed
abr asi ve el§nent and a second subpad generally coextensive with the
ummary

~ Use of a fixed abrasive article with a sub pad in wafer planarization can lead to

some undesireable effects. For example, some wafers may experience uneven thickness

20 across the wafer or within a die. The present application is directed to a new method of
planarizing a wafer using fixed abrasive articles. This new method of using a fixed

( abrasive article results in better uniformity across the wafer while maintaining a desireable
polish.
The present invention is directed to a method of modifying a wafer surface

25 comprising providing a first abrasive article comprising a first three-dimensional fixed
abrasive element and a first subpad generally coextensive with the first fixed abrasive
element, contacting a surface of the first three-dimensional fixed abrasive element with a
wafer surface, and relatively moving the first abrasive article and the wafer. The method
additionally provides providing a second abrasive article comprising a second three-

30 dimensional fixed abrasive element and a second subpad generally coextensive with the
second fixed abrasive element, contacting a surface of the second three-dimensional fixed

abrasive element with the wafer surface, and relatively moving the second abrasive article



second fixed abrasive el enent, contacting a surface of the second

t hree-di nensional fixed abrasive elenent wth the wafer surface, and

rel ati vel yworeto4/eg285he second abrasive article -3 WO 20010628b68036487

PCT/ US2003/ 036487 and the wafer. Wierein the fif st” subpad~has™a defl ecti on
| ess than the deflection of the second subpad when nmeasured 1.5 cmfromthe
edge of a 1 kg weight, the weight having a contact area of 1.9 cmdi aneter.
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"Textured” when used to describe a fixed abrasive element refers to a fixed

abrasive element, particularly a fixed abrasive article, having raised portions and recessed
portions;
20 "Abrasive composite" refers to one of a plurality of shaped bodies which

collectively provide a textured, three-dimensional abrasive element comprising abrasive

particles and binder; and
"Precisely shaped abrasive composite” refers to an abrasive composite having a
molded shape that is the inverse of the mold cavity which is retained after the composite
25 has been removed from the mold; preferably, the composite is substantially free of
abrasive particles protruding beyond the exposed surfaces of the shape before the abrasive
article has been used, as described in U.S. Pat. No. 5,152,917 (Pieper et al.).

Brief Description of Drawings

30 Figure 1 is a cross sectional view of a portion of a fixed abrasive article such as
those used in embodiments of the present invention.
Figure 2 is a contour plot showing values of remaining nitride films thickness on

polished control example.



those used in enbodi nents of the present invention. Figure 2 is a contour
pl ot showi ng values of remaining nitride filnms thickness on polished

control ex -4 2004/ 062853 PCT/ 0s2003/ 036487 Fig i nt our
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pl ot show ng ues of remaining nitride filns thickness after
step 2. Figure 4 is a contour plot show ng values of remaining nitride filns
thiclaless on Wafer 2 after step 2. 5 Figure 5 is a contour plot show ng
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pol i shi ng awsafenil afedcitgtar wafer 10 using a two step process. Figure 1 is a
cross sectional view of an exanple of one enbodinent of a fixed abrasive
article 6 used ilREYRE H SUEH PhH Sbawing valner eliremepining Mhisidg filme thiskness pn xed
abrasive el\gﬁgpbaﬁ@rsté,sz_shom in the enbodi ment of Figure 1, subpad 10

i ncludes at least onerigid elenent 12 and at | east one resilient el enent
14, which is ei thigure 544 4 amhed phut showimgrahets ofdniaihing nfitride dilab tlgiskneds 6h ement
16. However, in certain 15 enbodi nents, the subpad has only a resilient

el ement 14 BrRmple? i sepeérent 12, or any conbination of layers of resilient
and rigid elenents. In the enbodi mrent shown in Figure 1, the rigid el enent

12 is i nterﬁgs.ge%ﬁet we,cen the resilient element 14 and the fixed abrasive

el enent 16. _asi ve el enent 16 has su_rfaces 17 that contact a

wor kpi ece, = such B plese@iTh ekl &l Rfecw@ e b methitbof pdlishih@ LREASIIMRCctor wafer
constructions used in the 20 present invention, the rigid elenent 12 and the

resi|ilént asmgeaiwortepdirecege aERE|lyis ¢ 6ross savtionaloewwif ah examplepdoak| el to, the

fixed abrasjve .ele 6, wsuch that the three elenents .are.substantjally
coaxt ensi veRAERGTERE AT e Atk oyt tnte® Brrs PGB RS RO T RERHM o
el enment 14 jgsackyixealabasiat tREREC ¢ 0ASsHIWAL iBIhOEmBodiBeht BEFizAfe BabsRduct or
waf er nodification, and surfaces 17 of the fixed abrasive elenment 16

cont act s t hacludssiat pasheae oigid gemepdfldand akleati ona resilignt glement 14+ whish éngithel nent
whi ch i's batagnean Gt VBN e Srelg bt ta R IS o R Spn: or i nea
pattenn of enhdithéttd, the Rbpdlies bl drcSilaRefeRditagior rEAAPRMNE 2,28 any
combination of layers of resilient and rigid elements. In the embodiment shown in Figure
1, the rigid element 12 is interposed between the resilient element 14 and the fixed
abrasive element 16. The fixed abrasive element 16 has surfaces 17 that contact a
workpiece, such as a semiconductor wafer. Thus, in the abrasive constructions used in the
20 present invention, the rigid element 12 and the resilient element 14 are generally co-
continuous with, and parallel to, the fixed abrasive element 16, such that the three
elements are substantially coextensive. Although not shown in Figure 1, surface 18 of the
resilient element 14 is typically attached to a platen of a machine for semiconductor wafer
meodification, and surfaces 17 of the fixed abrasive element 16 contacts the semiconductor
25 wafer.
As shown in Figure 1, this embodiment of the fixed abrasive element 16 includes a
backing 22 having a surface to which is bonded an abrasive coating 24, which includes a
pre-determined pattern of a plurality of precisely shaped abrasive composites 26
comprising abrasive particles 28 dispersed in a binder 30. However, as stated above, the
30 fixed abrasive element, and therefore the abrasive layer, may be free of abrasive particles.
In other embodiments, the fixed abrasive element is random, for example in textured fixed

abrasive elements such as those sold under the tradename IC-1000 and IC-1010, (available



conprising abrasive particles 28 dispersed in a binder 30. However, as
stated above, the 30 fixed abrasive elenent, and therefore the abrasive
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abrasive elenent is random for exanple in textured fixed abrasive elenents
such as those sold under the tradenane | C 1000 and | G- 1010, (available -5
WO 2004/ 062853 PCT/ US2003/ 036487 from Rodel, Inc., Newark, DE), and other
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embodi nentdipensonplficed abgasivaleraenis argdiessibleesich ype thopgdisgosed e Hpd attnbet ween
the rigi le%lﬂgeq%r%s%@nd t he backing 22 of the fixed abrasive el enent 16,
al t hough a pressure’ "sénsitive adhesive |ayer is not necessary. Although not

shown in Fi gur eThkre g be ifBeding Qayebeofaihadhesi Ber aiuGimdnPhRbRASBFediet Ween
the rigid elenent 12 and the resilient elenent 14, 15 and on the surface 18

of t He redhd yasinus spmpersnts af thyipbragee KoustorctioneFpreagaple, asshewniiothei s
practiced | . | st e rocess. The f.irst £ep.uses i xed, abr.asi ve
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resilient element. The first resilient elenment 20 generally has a Shore A
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of the fian8bnhiesiurfaeel 8ol Giektilie® e@bergrni@at er than about 10, and in certain
enbodi nents, the first resilient elenent has a Shore A hardness of not

greater than afdgimethod pf hemsesest innesignie arasticedrie adnelsteparergstinBesfigt t he
T A e
abrasive article comprising a second subpad.
The first subpad generally has a first resilient element. The first resilient element
20 generally has a Shore A hardness (as measured using ASTM-D2240) of not greater than
about 60. In other embodiments, the Shore A hardness is not greater than about 30, for
example not greater than about 20. In some embodiments, the Shore A hardness of the
first resilient element is not greater than about 10, and in certain embodiments, the first
resilient element has a Shore A hardness of not greater than about 4. In some
25 embodiments, the Shore A hardness of the first resilient element is greater than about 1,
and in certain embodiments, the first resilient element has a Shore A hardness of greater
than about 2.
The entire first subpad has a deflection measurement, which is measured 1.5 cm
from the edge of a 1 kg weight, the weight having a contact area of 1.9 cm diameter. The
30 lower the deflection, the more flexible the subpad. The first subpad has a deflection of no

greater than 0.08 mm. In certain embodiments, the deflection of the first subpad is no



. than about 2. The entire first subpad has a deflection neasurenent, which is
neasured 1.5 cm fromthe edge of a 1 kg weight, the weight having a contact
area of 1. Woomseasster. The 30 lower the deflection, thepResfobayt bl e the
subpad. The first subpad has a deflection of no greater than 0.08 mm 1In
certain enbodi nents, the deflection of the first subpad is no -6 WO.
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Specific resilient materials that are useful in the abrasive constructions
of the copolymer of polyethylene and ethyl vinyl acetate in the form of a foam.

Resilient materials may also be of other constructions if the appropriate mechanical
properties {e.g., Young's Modulus and remaining stress in compression) are attained.

20 Polyurethane impregnated felt-based materials such as are used in conventional polishing
pads can be used, for example. The resilient material may also be a nonwoven or woven
fiber mat of, for example, polyolefin, polyester, or polyamide fibers, which has been
impregnated by a resin (e.g. polyurethane). The fibers may be of finite length (i.e., staple)
or substantially continuous in the fiber mat.

25 Specific resilient materials that are useful in the abrasive constructions of the
present invention include, but are not limited to Voltek Volara 2EO and Voltek 12EO
White foam (available from Voltek, a division of Sekisui America Corp., of Lawrence,
MA).

As disclosed above and shown in Figure 1, the fixed abrasive article subpad may

30 also include a rigid element. Rigid materials for use in the abrasive constructions can be
selected from a wide variety of materials, such as organic polymers, inorganic polymers,

ceramics, metals, composites of organic polymers, and combinations thereof. Suitable
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present invention include, but are not limted to Voltek Vol ara 2EO and

Vol tek 12EO White foam (avail able from Vol tek, a division of Sekisui

Aneri ca Cerp2004/062883awr ence, MA). As di scl osed above anBCIHSAP308648Y gure 1,
the fixed abrasive article subpad may 30 also include a rigid elenent.
Rigid materials for use in the abrasive constructions can be selected from
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pol ymer s ma$/ or may not be reinforced. The reinforcenment can be in the form
of fibers @ )particul ate material. Suitable materials for use as
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d d Metal sheet | b d t.h d
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about 0.075 Sui e netals inclu ut” ar€ not
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t he abrasive ¢ i ons of . the sent,. invention | n¢lude, but are not
linited to, ng{}ﬁ%%ﬂﬁ icgn a]ﬁ%P%ieﬂ 1gifhelepent ﬁypréﬂi,y %@ewﬁrw%lﬁ 2% and
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for USe wiushd (tgplcsll’ty algup@d?5-02a dnrhp Sedaldb metilsiacktel it e noddingitedntp) e of a

suitable c nner0|alhé avallab machine is sold under the tradenane
REFLEXI O\Ia&Eme‘H} PIRHESSS PEFloMdNSBPFed Material s of Santa

Specific materials that are useful in the abrasive constructions of the present

dé but

invention include, but are not limited to, (meth)acrylic, polyethylene, poly(ethylene
terephthalate) and polycarbonate.

20 The method of the present invention can use many types of machines for
planarizing semiconductor wafers, as are well known in the art for use with polishing pads
and loose abrasive slurries. An example of a suitable commercially available machine is
sold under the tradename REFLEXION WEB polisher (from Applied Materials of Santa
Clara, CA.)

25 Typically, such machines include a head unit with a wafer holder, which may
consist of both a retaining ring and a wafer support pad for holding the semiconductor
wafer. Typically, both the semiconductor wafer and the abrasive construction rotate,
preferably in the same direction. The wafer holder rotates either in a circular fashion,
spiral fashion, elliptical fashion, a nonuniform manner, or a random motion fashion. The

30 speed at which the wafer holder rotates will depend on the particular apparatus,
planarization conditions, abrasive article, and the desired planarization criteria. In general,

however, the wafer holder rotates at a rate of about 2-1000 revolutions per minute (rpm).
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.Clara, CA.) 25 Typically, such machines include a head unit with a wafer
hol der, which may consist of both a retaining ring and a wafer support pad

for hol di ngyhhgspesgksonductor  wafer. Typically, both thepsSgitsasesGsoOr
waf er and the abrasive construction rotate, preferably in the sane

direction. The wafer holder rotates either in a circular fashion, spiral
fashion, elliptical fashion, a nonuniform manner, or a random notion

fashion. The 30 1eRasmhsdb atRldT iiRURE ﬁleeMrfj@ﬂl fy@iéan%aw Lkm@ﬁag %ﬂeaocrf t he

particul ar apparatus, planarization conditions, "abraSive article, and
desired pl ahewti 323t 1260 eni? nefﬁfesably abogeTiEl-8100 crhipmesve preferablyvebiost 1 Hg-der

t at t f b | ut
20041 052653 BT PSS O3 ole A8 v aicaly 4 e o Seek & Bi Dbhd Peterbl sivent i on
Wi |1 typi cahie)sr BBME 16-1000 KindGndhRRe flef@N bbRAT 01200/ CoffadRéGFaRion about
730- 8100 cn2, nore pref erably about” 1140-" 6200 cnR. It may rotate as well,

typically arocedpegs svhish wibize the Bbibgive oonstpationsradftes piskgnt anveationaitypiaallyabout
10-1000 rp nore p out 10-100 rpm Surface nodification 5
pr ocedur es%‘?%%prﬁﬁuﬁs? e?%%gbfoa@p %e constructions of the present

i nventions typi G@dnkdallylthy 9*0‘6@53%3%@ wedsmeld 1ﬁl?1%1151e§e&e 69 aK’Pcﬁfkm@qgﬁﬂi@l $¥h the

process will be perforrred in the presence of a working liquid
wor ki ng |i qworkmyhcnmay mni&;nalsnawe pattitle oF enayrbenfage Winbiasares prfitielbr asi ve

o 100,317 PR “Grine hads e e Preht RomoRL k5o rs1253.

Vari oy m)%ﬁﬂlféﬁt‘iér@ﬂ’lﬁ:héﬂﬂm@ﬁﬁrﬁﬁ@l)m?ﬂﬁ5@333 invention will become apparent
to,those skilled in the art wthout departing fromthe scope and spirit of

this i nventu on, ‘@hus moddleetidns abéaltmdmrgttﬁdds tthgntiomingll becoemt apparéng tmot t o

be undul S t diments, set. forth h
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3500 A st e@m&ﬁ%ﬁ@&%@@ﬂﬂﬁm}s m?&mwﬁiseﬁotw& ﬁﬁidlfi naftedo thd MRstedtRIR Process
on an Cbsidian 501 polisher (Applied Materials, $Santa Clara, CA.) Polishi ng

Condi t i ons:enfhedingtngpset forth herein,
15
Examples

Polishing Procedure

A 200 mm diameter, 0.17pm DRAM STI (HDP coated, 3500 A step, 200 A overburden)
20 wafer was polished in a two step process on an Obsidian 501 polisher (Applied Materials,

Santa Clara, CA.)

(. Polishing Conditions: 1st Step
Wafer Pressure 2.0psi (13.8 kPa)

25 Ring Pressure 2.5 psi (17.2 kPa)
Velocity 600 mm/sec
Chemistry DI water adjusted to pH = 11.2 with KOH
Polishing time 90 sec
Web Increment 0.25 in (0.635 cm)
30
2nd Step
Wafer Pressure 3.0 psi (20.7 kPa)
Ring Pressure 3.0 psi (20.7 kPa)
Velocity 600 mm/sec
35 Chemistry 2.5% L-Proline solution at a pH of 10.5 with
KOH
Polishing time 90 sec

‘Web Increment 0.25 in (0.635 cm)



Wafer Pressure 2.0 psi (13.8 kPa) 25 Ring Pressure 2.5 psi (17.2 kPa)

Vel ocity 600 mm sec Chem stry DI water adjusted to pH = 11.2 with KCH

Pol i shi ng Y@ #848@8%c Web Increnent 0.25 in (0.635 cnm) BOVYRROEHB WS er
Pressure 3.0 psi (20.7 kPa) Ring Pressure 3.0 psi (20.7 kPa) Velocity 600
mm sec 35 Chem stry 2.5% L-Proline solution at a pH of 10.5 with KOH
Polishing tjne 90 sec Wb Increnent 0.25 in (0.635 cm -9 WO 2004/ 062853
PCTI US2003/ 1 Exanple | A polished control was polished with a

SWR159- R2 (aval ; § SC?JIB N -RLW}! ' pad with a
pol ycar bonat e |‘Aé§§irl%§gf%@é&&ia I%gt%l‘yvggtrabso\ﬁg\?ggs ee‘tralf%lrﬂg%g&§ ol ymer shapes
of Hunt er sohpany, BICPahlaMMousng hsethadyettod palyoarbétitd laydr{808aMthlexand a f oam

| ayer was 0.090Q in (2.3 tek 12EO White. Th bpad was. attached to
the pl at enIQ Jye %?é‘a@?&ﬂiﬁgﬁk OlﬁH}eFélﬁp?%’@v%@t‘?réY‘ﬁ?ﬁia)e@vgﬁt%T?”Cg-“estsé’? get of
100 Amgstr® fr1 bt 3 f efrLdisi ng the
ol | Shi g L R b B L e 2 OIS e The

pol i shi ng dubpal wessattatb@l weho pbisen dftthe Pbidtanetd 1c dolislihg wastermmattdafteaact | ve

oxi de over the nitride at the.wafer 10 edge. The active, area oxide on the
waf er is stﬁfiﬁ%oﬁn 1Y sgroqs %ﬁ&gﬁpg\ﬁéae%w thecayﬁfi%%@f the wekespsingflicde Oxi de
Average 370}l steFAREEnIPro? Step 2 above, with the exception that the polishing time was

150 seconds. The polished control had residual active oxide over the nitride at the wafer

10 edge. The active area oxide on the wafer is shown m Table 1.
Unpolished Polished
Control Control
Oxide Oxade
Average 3761 115
Range 16 96
Average Support 3757 88
Range Support 8 56
Average Array 3763 130
Range Array 11 68
Table 1

15 Wafers 1 and 2 were polished according to Step 1 of the Polishing Procedure using
SWR159-R2 abrasive (available from 3M, St. Paul, MN) attached to a subpad construction N
0f 0.007 in (0.18 mm) polycarbonate (8010MC Lexan Polycarbonate sheet from GE .'
Polymershapes of Huntersville, NC) using 442 DL transfer adhesive also available from
3M of St. Paul, MN. The opposite face of the polycarbonate sheet was laminated, using

20 the same transfer adhesive, to a 0.125 in (3.175 mm) layer of Voltek Volara 2EQ White
foam (Voltek, a division of Sekisui America Corp., of Lawrence, MA) which, in turn, was
attached to the platen of the Obsidian 501. Polishing was terminated after a target of 3400
Angstroms of active oxide removed from the surface of the wafer.

Wafers 1 and 2 were then polished in a second step using an SWR521-125/10

25 abrasive (available from 3M) using a subpad similar to that used in Step 1 except that the
polycarbonate layer of the subpad was 0.060 in (1.52 mm) thick polycarbonate and the
foam layer was 0.090 in (2.3 mm) Voltek 12EO White. Within Die (WID) measurements
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.Average Support 3757 88 Range Support 8 56 Average Array 3763 130 Range
Array 11 68 Table 1 15 Wafers 1 and 2 were polished according to Step 1 of
t he Pol i shiygdpieegdure using SWR159-R2 abrasive (avail gigwuéloesndd; St.
Paul, MN) attached to a subpad construction of 0.007 in (0.18 nm

pol ycar bonate (801 OMC Lexan Pol ycarbonate sheet from GE Pol ynershapes of
Huntersville, NC using 442 DL transfer adhesive also available from 3M of
St. Paul, MreThhele dppmsdit at I/2¢e Wifed AEIURO MxeALRARAIRAGHRED Make hippbitaliad,
using 20 the same transfer adhesive, to a 0.125 in (3,175 nun) |ayer of

Vol t ek Vol a4 IPeerophan array) egng mosiuresiavitian diigdig. ohheowalse khagagteldfhos ca Cor p. |
of Lawrence ) j I S : i di an
S01. Pol 1 srreiihe bl &five ita bbicl ppd BRaPEAE SRR S S i BBR 1 TabipEo SR, ©
oxi de renovedVithiarWifee( WK aseniftirhiiies wafeaheasWiddedt $n theangin2uppsreaich @i
polished in a second step using_an SWR521-125/10 25 abrasive (avail able from
3M) usPng acahiBpat? denen Be Wadert e resyleajeprescapdpsegBiot plokuin Higere 2 to 4.

pol ycarbonate | ayer of the subpad was 0.060 in (1.52 nm thick polycarbonate

and the foamn[;a'yﬁ—waa 6096 ',51? ];3 ) ‘v’oILtek 12250 ‘;‘S?.{ﬁg W-thin—Bi e
(WD) neasurenents ;I:O—% 2004952833 PCT(1U520031036487°P fvere—made iln one
die at 1/2 the| waf er |radWAer rwent y- WialeE 2 acat i oWeIEd i n |t heWaf§idort |ar ea
and 15 across jan_arr ayQxide &imdag(hede \Withide | Oxiide JNarideh Oxidg eNitride
charact eri sti clsAveragec| Udilng ©R2 acB2We; ap¥a ¢xi Qe pn@8Hi tiri e [ildAlt hi ckness

are sumari zed imngabl egs2jand? 3. 40 thi poMal erg (W Wsqnonungf or m4g es were
measured at inERg, @I N SUpport grea of 5 eag¢h of [[33 di ¢S on tne wafler. The
e§&ﬂ}ﬁ1
)

estlts are orEsgiid s ctniour [oheis ipuFure 2 oud. | Syepl Iypren 2

(D

=

Waf'er 1 Wafer A YAA od—taer -t e ppe—Ntrtae «-ee—NHt ri de
Ocide Nitride | AffSge 1111987 320 997/ 0 9880 1001 Range 215/ 122 402 101 0
54 0 46 Aver alg8UPotn 23 [ 42150214850 1397 0 dda p 305 45

Average
Array 188 948 358 955 0 683 0 999
Range
Array 183 62 171 39 0 37 0 25

Table 2. Within Die (WID) Remaining Active Oxide and Nitride (A)

10
Step 1 Step 2
Unpolished Wafer 1 Wafer 2 Wafer 1 Wafer 2
Initial Nitride | Remaining Remaining Remaining | Remaining
Nitride Nitride Nitride Nitride
Average 1034 985 989 1000 1038
( Range 39 127 161 113 77
' Table 3. Remaining Nitride At Wafer Edge (A)
Example 2
15 Example 1 was repeated except that the 2.5% L-Proline solution adjusted to a pH

of 10.5 with KOH was replaced by deionized water adjusted to a pH of 11.2. L-proline is
believed to enhance the selectivity of removal to provide a rate stop when the nitride is
exposed while enhancing the polishing rate of the oxide. The two step process maintamed
acceptable control of within die uniformity (WID) without resorting to selective

20 chemistry. The within wafer (WIW) nonuniformity is shown in Figure 5.
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Range Support 230 15 402 36 0 35 0 45 Average Array 188 948 358 955 0 983 0

999 Range Array 183 62 171 39 0 37 0 25 Table 2. Wthin D e
Remai ni ngWARAMP4/¢62838 de and Nitride (A)
2 Wafer
Remaining Nitride Nitride Nitride Nitride

Waf er

1 Wafer 2 Initial

10 Step 1 Ste 2 PQ]%%%P‘?%

Ni tride Remai ni ng “Rerai ni ng Renai ni ng

%‘Z?W\afer 1

Average 1034 985 989 1000 1038

Range 39 I2F161—113—7F—tabte—-3r—Remai-ni-rgN-t+ride At \Vafer—Edge (A
Exanpl e 2{15 Exanple 1 was repeated-except that *@n@ 89 |- Proline soliition
adjusted {o a pH of 10.5 with KOH was repl aced h$%R2 oni zed water adj uist ed
to a pHof 11.2. L-proline is believed t@idnhance the sel editiidgéty of
renoval to provi deAzeragte stop when the nifride is éxposed 9881 e enhancing
the polishing rate Hingtehe oxl de. [ The two spep process naint alglzfe(f accept abl e
control ofWitThimdie uniform ty|[(WD)~ Without resor{ing to sefective |20
chem stry] The w.thin W nonuni f opm t |s shown in ure 5. 111 WO
2004/ 062%"’ “@%X%ﬁ\?ﬁgé@ié W Exanple-—2- u;b\, }1; e NHH d%@’“'e'ﬁ“e 0 928
Rane 0 94 Average Supsport 0 955 |Range SupBort 0 44 Average Array 0 911
Range Support 44
Average Array 0 911
Range Array 0 60
Table 4. Within Die (WID) Remaining Active Oxide and Nitride (A)
Without L-Proline
5 Subpad Deflection under static local load
The test was carried out by placing a 1 kg weight on a contact area of 1.9 cm diameter.
The deflection was measured 1.5 cm from the edge of the weight.
Pad 1 was the subpad used in Step 1 above.
Pad 2 was the subpad used in Step 2 above.
10 Pad 3 was the subpad of Step 2, with the exception that the polycarbonate layer was 0.020

inches (.51 mm).

Pad Deflection (mm)
i .013
2 A3
.085
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Range Array 0 60 Table 4. Wthin Die (WD) Renmaining Active Oxide and
Nitride (A) Wthout L-Proline 5 Subpad Deflection under static |ocal |oad
The test was carried out by placing a 1 kg weight on a contact area of 1.9
cmdianmeter. The deflection was neasured 1.5 cmfromthe edge of the

wei ght. Pad 1 was the subpad used in Step 1 above. Pad 2 was the subpad
used in Step 2 above. 10 Pad 3 was the subpad of Step 2, with the exception
that the polycarbonate | ayer was 0.020 inches (.51 nun). Pad Defl ection
(mm) 1 .0¢gamms 13 3 .085 -12 CLAIMS 1. A nethod of nodifying a wafer
surface conprising providing a first abrasive article conprising a first

t hree-di nensional fixed abrasive elenent and a first subpad generally

coextensive with the first.fixed rasjyve el ement; contacting a surface of
the first f‘hr ee‘gd?eﬁgoﬁs?{%(glgyf@ae gtgb?" SEOBEEMNt with a wafer surface;
rel atively novimgvidhe o firssdbrasbreastisle ca@tfiprisingea fiktthideadim@hsiorial fixed/i di ng a

second abrasive article conprising a second three-dinmensional fixed

abrasi ve ef ﬁ%ﬁﬁ%{ﬂﬁf“&“@é %aulaﬂeg;sa%Fr@JBfn@Féqeww‘c%&f@ﬁﬁﬁkﬁ@ﬁ%ﬁ?%swe second
fixed abraghyg. el enent; contacting a surface of the second

t hree-di nensional fixed abrasive elenent with the wafer surface; relatively
nmovi ng t he secoswitastings swigacg of thelfestagde-dinengiwhalrfixediabrasiva elelmenf witke subpad
has a defl%cf,e'}gd} aIcg_ss than the deflection of the second subpad when
measured 1.5 cmfro’mthe edge of a 1 kg weight, the weight having a contact
area of 1.9 cm @iatinely@tioving the first abrasive article and the wafer;

providing a second abrasive article comprising a second three-dimensional fixed
abrasive element and a second subpad generally coextensive with the second fixed
abrasive element;

contacting a surface of the second three-dimensional fixed abrasive element with
the wafer surface;

relatively moving the second abrasive article and the wafer;

wherein the first subpad has a deflection less than the deflection of the second
subpad when measured 1.5 cm from the edge of a 1 kg weight, the weight having a

contact area of 1.9 cm diameter.

2. The method of claim 1 wherein the first subpad has a first resilient element, the
first resilient element having a Shore A hardness of less than 60, when tested according to

ASTM-2240-97.

3. The method of claim 2 wherein the first resilient element has a Shore A hardness

not greater than 30.

4, The method of claim 2 wherein the first resilient element has a Shore A hardness

not greater than 20.

5. The method of claim 2 wherein the first resilient element has a Shore A hardness

not greater than 10,
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2. The nethod of claiml1 wherein the first subpad has a first resilient
elenment, the first resilient elenent having a Shore A hardness of |ess than
60, when tested according to ASTM 2240-97. 3. The nethod of claim 2 wherein
the first resilient element has a Shore A hardness not greater than 30. 4.
The met hod of claim2 wherein the first resilient element has a Shore A
hardness not greater than 20. 5. The nethod of claim2 wherein the first
resilient elenent has a Shore A hardness not greater than 10. -13 6. The
met hod of gl ai ' . j bk | har dness
ot great e 1 hane TOEGTLIAES Whifln he Bls & en AR o dSpte AR PO

el enent hasotgr@hwtlnA. har dness greater than 2. 8. The nethod of claim2
wherein the first resilient elenent has a Shore A hardness greater than 1.
9. The nethod of claim2 wherein the first subpad has a first rigid el enent

between the fiTKedmehod@sfslgine? aierin the Grst hRiliefsdlérhéithash Sh@B 1A hatfhessThe
nmet hod of claim9 wherein the first rigid elenent has a thickness of about

0.18 nm 18reat¢hBandt hod of claim| wherein the deflection of the second
subpad is ten times the deflection of the first subpad. 12. The net hod of
claiml wherein the second subpad has a rigid elenent. 13. The nethod of

cl ai m 12 wher ei Thahethodef ¢laien whereimethe firshreastientsalonerd hgubBbate Walsardnest hi ckness

of about 1@%%ep@%ni;4

9. The method of claim 2 wherein the first subpad has a first rigid element between

the fixed abrasive element and the resilient element.

10.  The method of claim 9 wherein the first rigid element has a thickness of about

0.18 mm.

11.  The method of claim | wherein the deflection of the second subpad is ten times

the deflection of the first subpad.
12.  The method of claim 1 wherein the second subpad has a rigid element.

13, The method of claim 12 wherein the resilient element in the second subpad has a

thickness of about 1,52 mm.
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