| Specification PCLISH NG PAD Technical Field [00011 5 This invention
relates to a polishing pad for polishing a target object such as a

sem conductor wafer or a nagnetic hard disk substrate that requires a high
degree of flatness on the surface and nore particularly to such a pad
suited for the planarization of wafer surfaces in the production process
of sem conduct or devices. 10 Background of the Art [00021 In the
production process for sem conductor deyices, the netallic wring |ayer
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~unevenness of the surface unevenness of the device caused by such steps can
25 be reduced, the exposure margin in photolithography can be secured, the
minute patterning and etching processes for the wiring layer can be carried
out both accurately and easily and hence the yield of semiconductor devices
can be improved. By the damascene method, a wiring metal (Cu) is placed
after wiring grooves are formed on the insulating film and a multi-layer
30 structure is obtained by leaving the metal only inside the groove by a
polishing process but there remains the so-called problem of "dishing"
whereby the center part of the metal is made too thin by the polishing process.
‘For this reason, planarization of the device surface is very important in the
production process of semiconductor devices.
35 [0003]
Planarization is done by chemical mechanical polishing (CMP), CMP
is a polishing technology combining both a chemical operation by using a
fabrication liquid and a mechanical removal operation by using abrading
particles whereby the device surface is chemically melted by the fabrication
40 liquid and mechanically polished by the abrading particles, and it is widely
being used because unwanted parts different from the internal parts are
hardly formed on the surface by the process.
[0004] .



| being used because unwanted parts different fromthe internal parts are
hardly formed on the surface by the process. [00041 2 Planarization by CWP
is carried out by rotating a |apping plate (or a platen) with a polishing
pad attached thereto, supplying slurry having snall particles of a
material selected fromthe group consisting of silica, alumna, ceria and
zirconia dispersed in an alkaline or acidic fabrication liquid on the 5
surface of the polishing pad, and presssng thereto the surface of the wafer
(or the surface of the device) attached to a polishing head (or a
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cannot

to be solv t he Invent| on [00081 40 The polishing rate of a non-foaned
pad cannot be iJgr BhiscdremsommeReference 1, for example, proposed the use of a pad

25  produced by hardening a synthetm resin such as polyurethane without
foaming (hereinafter referred to as non-foamed pad). Since non-foamed pads
are hard to compress (having a low compressibility) and slow in recovering
from a deformed condition under compression (having a small elastic
repellent force), they do not easily enter and abrade the interiors of the

30 indentations on the device surface and hence the generation of remnant steps
can be reduced.  Since the polishing rate is significantly lower with non-
foamed pads than with foamed pads, grooves are commonly formed on the
pad surface so as to improve the polishing rate.

35  Reference 1: Japanese Patent Laying-open No. 2004-507077

Disclosure of the Invention

Problem(s) to be solved by the Invention
[0008]

40 The polishing rate of a non-foamed pad cannot be improved to be
nearly the same as that of a foamed pad, however, merely by forming a

pattern of grooves on the pad surface.
[0009]



nearly the sane as that of a foanmed pad, however, nerely by formng a
pattern of grooves on the pad surface. [00091 3 Although non-foaned pads
wer e consi dered capable of uniformy applying their elastic repellent force
to the pad surface because there are no air holes forned inside,
furthernore, this has turned out not to be the case because, since

non-f oamed pads have a sl ow conpression recovery rate and 5 are slowin
recovering fromthe conpressed conditiog, there are fluctuations in the
elastic repellent force wthin the surface and a uniforn1force cannot be

applied onto theuaheh iHﬁffé’%ﬁed[ 16} | S %{ﬁ % %?J Gl Qi this
i nvention ra 811- 1Pl | g E l‘i % ar| FHeal f ace
of a wafer g Jee If)efpeg ]a TE%)° ﬁ? 5? %ﬁur%; F”f‘%er §° AEdis for
sol ving t hg tgar 3?{%‘? 631@1@5&@1@65}@‘3, ut;jot fo F]be pase

bel i eved r &§ Itﬁenglfts"ﬁm%h osgedapadphase anglavs eappresmencTacareryegte and

f1 uct uafi oA%e BlPvsiBERCIVERBEArom tbecamprevead ¢dralitienys there avé flusbudtiomet

obj ect if théheelystisgspalentdomeeriphimtle swrfacdundd wrfbrnt foate tdenellgst i c

repel | ent fppliedionts Beseafeandriaesmant steps come to result if the
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00121 25_ 7Thus, shin ad cor ng to this invention is

E:har act eri Means F@M@E p éhdgmai n body of a non-foaned

synt hetic FaSiLh. [ 00131 The- pI anar pad mai n body has Shore D hardness of
66.0- 7835, or Aselestritddyali¥eDit Aed, tode WBM e refordaht Yollfhide £5de.ofar even
nore pref enhadifyama® rhdtddialbeiit flOR44LoRBEnPERRR! rR@dh A1BinBrd2REYovRaSthe
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preferably }Zeoc{grg o%trecov %lqrgp & RTESRR %rér}&eﬁl"lvet he pad

?Tgienh%gd’ Opdl-aﬁﬁcgv ng Vgever the appearance gf remnant steps can be reduced and the
target sur ace can be polished quickly and made uniformly smooth by using a
polishing pad of a non-foamed material with a high compression recovery rate
and a low compressibility if its hardness is appropriately selected.
[0012]
25 Thus, a polishing pad according to this invention is characterized as
comprising a planar pad main body of a non-foamed synthetic resin.
[0013]
The planar pad main body has Shore D hardness of 66.0-78.5, or
preferably 70.0-78.5, or more preferably 70.0-78.0, or even more preferably
30 72.0-76.0.
- [o014] :
The planar pad main body has compressibility of 4% or less, or
preferably 2% or less.
[0015]
35 The planar pad main body has compression recovery rate of 50% or
greater, or preferably 70% or greater.
[0016]
In order to suppress the occurrence of the hydroplane phenomenon,
grooves may be formed on the surface of the pad main body. The surface
40 ratio of the grooves (or the ratio of the percentage of the surface area covered
by the grooves) may be 10%-50%.
[0017]
In order to improve the ability of the pad to follow the surface contour
of the target object, a backing sheet having Shore D hardness greater than



40 ratio of the grooves (or the ratio of the percentage of the surface area
covered by the grooves) nmay be 10% 50%  [00171 In order to inprove the
ability of the pad to follow the surface contour of the target object, a
backi ng sheet having Shore D hardness greater than 4 that of the pad main
body and conpressibility higher than that of the pad nmain body may be-

affi xed.to the back surface of the pad main body. [0018] The pad nai n body
may be transparent. According to a prefgrred 5 enbodi nent of the
invention, the pad mai n body has thickness 0 5mm - 2. 0mm and
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or ther nogsLHINAGDEMAL hetic resin selected fromthe group consisting of

pol yester resins, polyurethane resins, polypropylene resins, nylon resins,

acryl rnesi Pm%w ifivk %} 5 [0022] The pad nmain body 11 nay be

produced b¥ g aresrn so ion prepared by addi ng a hardener to a.
synt hetic erlaﬁjé a nDId hardenlﬁg |n5|de the nold to forma
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[ 0023] Thebg reduding seminagesatepsi mitation as to the thickness but it may
preferably be within the range of 0.5mm 2. 0mm [0024] 35 The Shore D
hardness ( BedteMude foParrying Ot Phe diifsntiBper according to JIS-L-1096)
obt ai ned u ;the tenperature condition of 233C is in t he range of

66.0-78.8, pre &L aBO n' ih f‘he y an Sol(lnéhlrzg poad7§0 of %ﬂls 1nvent10n comprises a

sheet-like pad main body ll

20 [0021]

The pad main body 11 is formed of a non-foamed thermoplastic or

. thermosettmg synthetie resin selected from the group consisting of polyester

resins, polyurethane resins, polypropylene resins, nylon resins, acryl resins
and epoxy resins.

25 [0022]

The pad main body 11 may be produced by placing a resin solution
prepared by adding a hardener to a synthetic resin material in a mold,
hardening it ingide the mold to form a non-foamed block and slicing it into a
desired thickness. Any known method of sheet molding such as extrusion

30 molding and jet molding may be used.

[0023]

There is no stringent limitation as to the thickness but it may
preferably be within the range of 0.5mm-2.0mm.
[0024]

35 The Shore D hardness (as measured by a Shore D hardness meter
according to JIS-L-1096) obtained under the temperature condition of 23+3°C
is in the range of 66.0-78.8, preferably in the range of 70.0-78.8 and even
more preferably in the range of 72.0-76.6. The polishing pressure when the
polishing pad 10 of this invention is used (as will be explained below more in

40 detail) is rarely over 15psi, being preferably in the range of below 15psi and
more preferably in the range of 1psi - 10psi. If the Shore D hardness of the
pad main body 11 is less than 66.0 when the pressure is less than 15psi, the
pad main body 11 tends to become deformed excessively, increasing the
fluctuations in the stock removal over the wafer surface such that the wafer



nore preferably in the range of 72.0-76.6. The polishing pressure when the
polishing pad 10 of this invention is used (as will be explained bel ow nore
in 40 detail) is rarely over 15psi, being preferably in the range of bel ow
15psi and nore preferably in the range of 1lpsi - 10psi. If the Shore D

har dness of the pad main body 11 is | ess than 66.0 when the pressure is

| ess than 15psi, the pad nmain body 11 tends to becone deforned
excessively, increasing the fluctuatiomns in the stock renoval over the
-waf er surface such that the wafer 5 surface cannot be polished uniformy.
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a flat plane) with respect to the whole area of the pad main body 11 is in the
30 range of 10%-50%. The grooves may be -concentric circles or in a lattice
formation. They may be any combination of straight and curved lines in any
geometrical pattern.
[0028]
_ Fig. 1B shows another polishing pad 10 according to this invention
35 having a backing sheet 13 attached to the back surface of a main body 11 by
means of an adhesive 12 for improving its ability to follow the contour of the
target object to be polished. The backing sheet 13 may be an elastic sheet
harder than the main body 11 and having a compressibility lower than that
of the main body 11. A sheet of a foamed substance comprising polyurethane
40  may be used as the backing sheet 13.
[0029]
<Embodiment>  Polishing process using a polishing pad of this invention
is explained next. As explained above about the production of a



35 having a backing sheet 13 attached to the. back surface of a main body 11
by neans of an adhesive 12 for inproving:.its ability to follow the contour
of the target object to be polished. The backi ng sheet 13 may be an

el astic sheet harder than the main body 11 and having a conpressibility

| ower than that of the main body 11. A sheet of a foaned substance
conprising polyurethane 40 nay be used as the backing sheet 13. [0029]
<Enbodi nent > Pol i shing process using a golishing pad of this invention is
- expl ained next. As explained above about the production of a 6
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When the technology shown in Fig. 2B is used, a polishing pad with
the pad main body 11 made of a transparent material is used. If the
thickness of the pad main body 11 is within the range of 0.5mm - 2.0mm, its

30 light transmissivity (for light in frequency range of 350nm - 900nm) is 10% or
over. Preferably, the light transmissivity for light in frequency range of
450nm - 900nm is 30% or over when the thickness of the pad main body 11 is
0.5mm - 2.0mm.

[0034]

35 Although not shown, the CMP devices of Figs. 2A and 2B may be
provided with a retainer ring on the polishing head 22 around the wafer
which serves to press the polishing pad by the pressure applied to the
annular portion for preventing excessive polishing that is likely to take place
along the periphery of the wafer and also to prevent the wafer from becoming

40  displaced by the transverse force which is generated during the polishing
process. The polishing head 22 is caused to undergo a reciprocating swinging
motion in the radial direction of the lapping plate 21 or 21' in order to

alleviate the effects of the grooving work during the polishing process.
f0035]



0.5mMm - 2. 0mm [00341] 35 Although not shown, the CWP devices of Figs. 2A
and 2B nmay be provided with a retainer ring on the polishing head 22
around the wafer which serves to press the polishing pad by the pressure
applied to the annular portion for preventing excessive polishing that is
likely to take place along the periphery of the wafer and al so to prevent
t he wafer from becom ng 40 di spl aced by the transverse force which is
generated during the polishing processy The polishing head 22 is caused to
undergo a reciprocating smﬁnging nDtion in the radial direction of the
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def or medl pértiiems Hhe dessing watk I@@Ilé}@dcab'yleﬂ duti by isopplythe vdrtes snnghewor k

may be car pidfdcoof thy psligphygipeag Whbestednon biee ssifaéaottlnf rdtlaeln}gdlapﬁhigng pad

10 pasted plateid =2 and pobsdihethiotadssfigy toabpi ng plate 21 or 21' and

pressing thwa#jessing tool. [0036] Slurry is obtalned by di spersing

abradi ng parti cBRgryRs ¥edaBhe by als‘b@{*sﬁ ab? cbﬁ‘?l ?H%vascgf Hf‘ 'a%t%?

fur t heng adgaélgiaa T a0 f@a%a o f%%gagﬂ b the
waf er surf %ﬁa% ﬂhhﬁhro S nng .0 g sure

- (or the po |ng pressure wﬁﬁ?h ? §C$£P ‘ﬁ%sq BWE%@ % t he

surface of 2 tishing pad 10 (or the surface of the pad mai n  body 11)

is within { Jan e of 1ps€ - 10psi. [0038] The invention is described next

by way of test Eha REGFIHE| (OB ihe sokisping preBure0sdih whish thxanafere 26>isA resi n

sol uti &éh waresgeeparthel shifacsidf Hy pdishipapad 16f (08 tBE sdifizhe of tHe #ad main

di am no- di ptsn¥ L) iserithivethesrahnge détpsi t1WpkO0 parts of TDl (trilene

di i socyanaf®Bsl ype urethane prepol ymer with average nol ecul ar wei ght of 25

about 750. Thi STheSinvesfibH! OWMaSh 3684 bPskds 8f "RLd zf}ﬂfjc% d inside
this nol d é,@argpje%l n a non-foaned bl ock. This block was sliced I'nto

t hi ckngs ]jSmMmto produce pad main bodies with Shore D hardness of

78.0 (at nggg%rﬁ}@nt tf>rrperature of 23.0C). G ooves (of spiral shape with

| and wi dth g oqve width O. 3 and. groove occupancy ratjo of
resm olution was prepar y adding 26.5 parts of 3,3"dichrol-4,4"-

diamino-diphenyl methane as hardener to 100 parts of TDI - (trilene
diisocyanate) type urethane prepolymer with average molecular weight of
25  about 750. This resin solution was placed inside a mold and hardened inside
this mold to obtain a non-foamed block. This block was sliced into a
thickness of 1.5mm to produce pad main bodies with Shore D hardness of
78.0 (at measurement temperature of 23.0°C). Grooves {of spiral shape with
land width 0.6mm and groove width 0.3mm and groove occupancy ratio of
30 33.3%) were formed on the surfaces of these pad main bodies by means of a
lathe to produce polishing pads of Test Example 1.
[0040]
<Test Example 2>
' A resin solution was prepared by adding 26.5 parts of 3,3'-dichrol-4,4'-
35 . diamino-diphenyl methane as hardener to 100 parts of TDI type urethane
prepolymer with average molecular weight of about 900. This resin solution
was placed inside a mold and hardened inside this mold to obtain a non-
foamed block. This block was sliced into a thickness of 1.5mm to produce pad
main bodies with Shore D hardness of 75.0 (at measurement temperature of
40 23.0°C). Grooves {of spiral shape with land width 0.6mm and groove width
0.3mm and groove occupancy ratio of 33.3%) were formed on the surfaces of
these pad main bodies by means of a lathe to produce polishing pads of Test
Example 2.
[0040]




30 33.3% were formed on the surfaces of these pad nmain bodi es by neans of
a lathe to produce polishing pads of Test Exanple 1. [0040] <Test Exanple
2> A resin solution was prepared by adding 26.5 parts of 3,3 -dichrol-4,4"-
35 di am no-di phenyl nethane as hardener to 100 parts of TDI type urethane
prepol ynmer with average nol ecul ar wei ght of about 900. This resin solution
was placed inside a nold and hardened inside this nold to obtain. a non-
foamed bl ock. This block was sliced intg a thickness of 1.5nmto produce
pad nmmin bodies with Shore D hardness of 75.0 (at neasurenent tenperature
of 40 23.0Qt es@@ggﬁgﬁ e 69f spiral shape with land width O0.6nm and groove
Faity

width 0.3mm an u cy ratiq _of wer e th
surfaces of 2 glu%%eél .ESQ %p%g‘ﬁ%:e;}g @éﬁ%ﬁ?’gﬁgg (}Qfg‘igz 8%&04 Iishi ng
pads of Test ﬁ Bﬁﬂ 3 h 8agts EoMHFERERE was

pr epar ed byP*8 VFP@’ Sty aﬁ%’?ﬁ%’ 189163“]3’1' Wight of 2boup 260y dhipsewnsrkiyen

met hane Sas W Bkaced insideow mpeld: anérhardpneq jaside cibfimmeoldpioe plotajmer nant h

aver age noliezmedblogki JHtis blockboas sHEGE inthrshidsiess ebl.dnimrio prodeceppated

i nsi de a nohainabiliéawidn8HotenBi lterdinkss offB2.0 (a0 mdtsairemant oempéaaoes obl ock.
This bl ock 28 (3] iGedvenlsd shikdidHapessithilahd 5math ®.emedusd Badve KBHEFh bodi es

VC\; E) QVSQOE gfol}afﬁaf gfﬁo@ie Jo%ulﬁ?ﬁ%ﬁ aﬁ'@@%@ Bl wkﬁé%hfédléﬁ R u?ﬁc@gaf and
0 h

groove occyf : éﬁﬁ rat | gn%fdm?% bgé}mé\rlgefd% or negg?ng@gcegé HP O{g‘ Sﬂms

pad main b(i’ By nmeans of a lathe to produce polishing pads of Test

Exarrpl e 3. % ﬂ,‘% I it Exanpl e 4> A resin solution was prepared by addi ng
0 parts ANt ol -4, 4' - 15 di ami no-di phenyl nethane as hardener to

100 parts of TDIA ﬁm pelniongy 2 BEsRarad &y addine 26 Rars redolighral 44t h

aver agés noldéxm ght wethagsors dosdenghit® rd¥) masts uel SFDha§ridrxed

i nside a ndluaomabér@@nedrethandepreph]ymemindth avelitgai moledubae fa@agiedobl ock.

Thi s bl ock abast 308 dthis pésin@oldtictkvas pladell ihshlera kelPeadleedpast fmide bodi es

W th Shor e thishasidnRssbtein £808-fhdhed BloBATHIEPRRE WA HRaliHES 2 QhickRefO) -

Grooves (obfspimal t$hangudd Lhdl ARdh deéshv@t}pmof’@% HAAREs Mot s @ (3 and

a1 00ve 900 YpAREYerhak! eiiberiiundlor YEHET AHRIONoF NE;AYIIAGESy, fh ggne e pad

> [o0a2) e n%a fgﬁr%%zf d@ %QrOducﬁrﬁg%Y@P?ceg%a%a%f e

1e8 by mean e 1o

R
addi ng 47. §’ e S&r bt hege o i
, uce polishing pads of Test Example 2.
[0042
25  <Comparison Example 1>
A resin solution was prepared by adding 47.3 parts of 3,3'-dichrol-4,4'-
diamino-diphenyl methane as hardener to 100 parts of HDI (hexamethylene
diisocyanate) type urethane prepolymer. This resin solution was placed
inside a mold and hardened inside this mold to obtain a non-foamed block.
30  This block was sliced into a thickness of 1.5mm to produce pad main bodies
with Shore D hardness of 80.0 (at measurement temperature of 23.0°C).
Grooves (of spiral shape with land width 0.6mm and groove width 0.3mm and
groove occupancy ratio of 33.3%) were formed on the surfaces of these pad
main bodies by means of a lathe to produce polishing pads of Comparison
35 Example 1,
[0043]
<Comparison Example 2>
A resin solution was prepared by adding 23.0 parts of 3,3"-dichrol-4,4'
diamino-diphenyl methane as hardener to 100 parts of TDI type urethane
40  prepolymer with average molecular weight of about 1260. This resin solution
was placed inside a mold and hardened inside this mold to obtain a non-
foamed block. This block was sliced into a thickness of 1.5mm to produce pad
main bodies with Shore D hardness of 60.0 (at measurement temperature of
23.0°C). Grooves (of spiral shape with land width 0.6mm and groove width



di am no-di phenyl nethane as hardener to 100 parts of HDI (hexanethyl ene

di i socyanate) type urethane prepolyner. This resin solution was pl aced
inside a nold and hardened inside this nold to obtain a non-foaned bl ock.
30 This block was sliced into a thickness of 1.5mm to produce pad nain
bodies wth Shore D hardness of 80.0 (at neasurenent tenperature of
23.0C). Gooves (of spiral shape with and width 0. 6mm and groove w dth
0.3mm and groove occupancy ratio of 3393% were formed on the surfaces of
these pad mmin bodies by neans of a |lathe to produce polishing pads of

Conpar i sono@@nﬁéamrso@e o& aﬁ&é ﬁ@gﬁ @gﬁzﬁ%@@éo A %mgé&hfﬂ'on

was prepar e
nmet hane as Ji gﬁﬁon ggﬂ B% ype urepﬁ%‘?‘l ¢ R %?18501?%}1% W th
aver age rmmlg %IP ef ‘about 1260. This resin solution was pl aced

I nsi de {}g{ﬁened inside this nold to obtain a non- foaned bl ock.
Thi s bl 5ck ¥#Ble3% hi ckness of 1.5mmto produce pad nain bodies.
with Shore D haF@ﬁé@@rceaﬂse@veﬂehhe nelighing meds ok aploatad enaibriad OO

G ooves (ofregicedl khapwhmi t andanHawns dRle@ramm avidtgigeveCMRdt hoRlings 3mm
and gr oove Incuppzates) waré ased a8Polivhinepedd of CBepaRisbRER SR HRCSS Tokir t hese

pad mai n boHickaedywneaE3noh shd Shiie I QaPd RGP bshi ng pads of
Conpar i1gon [foasipl e 2. [0044] 5 <Conpari son Exanple 3> Conmercially

avai | abl e poli sgynglg3 dippt.erial 401 por sBhoduced by, Rohm and
mmw% e e
Shore D hardg }E)l Q"10 [ 0045] Shore D hardness, conpression ratlo
and co Lagp ) ecovery rate of the polishing pads of Test Exanples 1-4

and .Cortpari son Exanples 1-3 are summarized in Table 1. [Table 1] 15 Table
1 Shore D ffﬁhiﬁbs& bility Conpression hardness (% recovery rate (% Test

‘Examle 1/78.0 0.79 80.0 Test| Bxambe 2 |BothpResidbIy2| Comphrederapl €| 3 72. 0
0.85 80.4| Test Exanple 4 66. Dh&edhésd9. 8| (fpnpari son Exapl&yLka80() P. 79
80.1 Test Example 1 78.0 0.79 80.0
Test Example 2 75.0 0.84 80.2
Test Example 3 72.0 0.85 80.4
Test Example 4 66.0 0.87 79.8
Comparison Example 1 80.0 0.79 80.1
Comparison Example 2 60.0 0.82 79.8
Comparison Example 3 59.0 4.05 19.5
[0046]
<Comparison Test 1>
20 Polishing pads of Test Example 3 and Comparison Example 3 were

used to polish the surfaces of wafers and the steps on the wafer surfaces were
examined for each pad.
[0047]
Well known test wafers (SKW7-2) commonly used for evaluating
25  planarization were used. These are wafers produced by using a specified
mask pattern to etch the surface of silicon substrates and having a silicon
oxide film vapor-deposited by a CVD process. In Comparison Test 1, steps of
Patterns D20, D40 and D80 were compared with Pattern D100 on test wafers
each polished by using a different polishing pad. In the above, Pattern D100
30 1s the portion of a test wafer with no unevenness. Pattern D20 is the portion
having straight line protrusions with width 20um and straight line
indentations with width 80pm and depth 0.8um formed alternately. Pattern
D40 is the portion having straight line protrusions with width 40um and
straight line indentations with width 60um and depth 0.8um formed
35  alternately. Pattern D80 is the portion having straight line protrusions with



Conparison Examle 2 60.0 0.82 79.8 Conparison Examle 3 59.0 4.05 19.5

[ 0046] <Conparison Test 1> 20 Polishing pads of Test Exanple 3 and

Conpari son Exanple 3 were used to polish the surfaces of wafers and the
steps on the wafer surfaces were exam ned for each pad. [0047] Well known
test wafers (SKW-2) commonly used for evaluating 25 planarization were
used. These are wafers produced by using a specified mask pattern to etch
the surface of silicon substrates and Having a silicon oxide film
vapor - deposited by a CVD process. In Conparison Test 1, steps of Patterns
D20, D40 anddBBEOMErend SiFRMHRdind ihle RBlidl N PR QAR 408 2hES! A i 08

pol i shed byomsddGigrdhider Qfﬁevgﬂﬂé%hbﬂgtlﬁa%afép sl gEove Egé@ergﬁ%rioo 30
is the portjsgn choﬁlrﬁ&ﬁa Lelnwin no ng\\'/égn SSTIAET 'Lt s (Bbﬁ’e
portion hayi iy ﬁﬁeru%'? rgﬁiggk%r ?FBB?E‘?L'%‘ FHOGMRAATSmeahat €epaiBht 1ine
i ndent ati o ]f Wdt R Ph'®f-8m formed alternately. Pattern D40
is the por 0o E,avi g strajght line protrusions with width 40m and

strai ght |ipe i AGENER: POHSHIRE i WormmewirHarayadepten rolighifommadhids as

al t er nat el yhowatineFie. 08 MATHR WGBS oiprodwdtngase) airghiicdd be MAGY Tus) ons
with 10  w¥shus®n wtbrstoralitibs | dsnehowdent afdbdasewi B Wrdtke 20@@ng, dept h
0.8m for mecmaldreiabizt etvpilable winnes diqnd t {BeMaf SFersslr DECEsonas: NBaAgLY ed by
usi ng ao copretutedlByyCava M@&b@le@ﬁ@ﬁfc@%%aBOIné.ﬁ%ag‘ﬂé‘El‘d%&W?ﬂf 8%18 wheps (P-1
(product nage)i sddyeed by Tencor Inc.) 5 {00481 For the po Ps Ing, a
commer ci al Iygiavajl abl e polishing machine as shown in Fig. 2A (MAT- ARW81S
(product nane) produced by MAT, Inc) was used under conditions as shown in
Tabl e 2. anf%[;zthe slurry, a comercially available slurry liquid (Sem
Sper se 25rLpr otitict frap)—10—produced-by Cabot M.croel ectronics Japan, Inc.)
was di | ut petbFH9Ral speeq g lapping plate and” | €@epm[ Tabl e| 21 Table 2 Rotati onal
speed of | Hptatinnahispeed efpetishiReg headnal | 6bsed of polishing head 63 rpm

Pol i shi ng| Polashippdbads iahighpicessigsede) 3 pis3 psiioad on fetainer ring 5 psi
Speed of phoadgbngeteaépriagati ng 1nm m nug gg; motion pistance of swinging

reci procal §p&dleawinghid Alliprocating Imm/minute
motion
Distance of swinging reciprocating 10mm
motion ' .
Slurry flow rate 200cc/minute
15
[0049]

The results of Comparison Test 1 are shown in Fig. 3A. They clearly
show regarding each of the patterns D20, D40 and D80 that a smoother
surface can be obtained more quickly if a pad according to Test Example 3 is

20 used than if a pad according to Comparison Example 3 is used. |
[0050] |
<Comparison Test 2>

Polishing pads of Test Examples 1, 2 and 4 and Comparison Examples

.‘i, and 3 were each used to polish a wafer surface as done in Comparison Test
25 . '
[0051]

In Comparison Test 2, as similar to Comparison Test 1, well known
test wafers (SKW7-2) commonly used for evaluating planarization were used.
In Comparison Test 2, steps of Pattern D80 were compared with Pattern

30  DI100. '
[0052]

For the polishing, a commercially available polishing machine as
shown in Fig. 2A (MAT-ARW681S (product name) produced by MAT, Inc)
was used under conditions as shown in Table 2. As for the slurry, a

35 commercially available slurry liquid (Semi Sperse 25 (product name)



Slurry flow rate 200cc/ m nute 15 [00491 The. results of Conparison Test 1
are shown in Fig. 3A. They clearly show regarding each of the patterns
D20, D40 and D80 that a snmoother surface can be obtained nore quickly if a
pad according to Test Exanple 3 is 20 used than if a pad according to
Conparison Exanple 3 is used. [00501 <Conparison Test 2> Polishing pads of
Test Exanples 1, 2 and 4 and Conpari son Exanples 2 and 3 were each used to
polish a wafer surface as done in Conparison Test 25 1. [00511 In
Conmparison Test 2, as simlar to Conparison Test 1, well known test wafers
(SKWr-2) c meﬂ 145 b O &Y BleHE Bhﬂ:%s%ll ARALHZAL L) gﬁé@ v‘}iﬁf}gu e Lvr&ter

W th Patt

Corrparlson q afd W3LEPS of Pattern wet e conpare ern
D100. [005 % the poI | shing, a commercially avail abl e polishing rrachl ne

as shown in 81S (p odu nane) produced b Inc) was
used under ond mqrﬂ'ﬁoﬁa aTAsShPéYln ¥h I%I%ﬁ;riheiéc

comercral P O‘ﬁv‘&iglaé dlied %thgﬁ@@@@@%b@@béalnﬂdrmgirell
produced byluEkhnif M}b&%@p@@dmtmg‘ewﬁwmﬂmd )2 oagd Wi hagdethan thamade wat er

at 1:1 andagxeding ©06@hpatieon Esatupde BforGovpaedson Test 2 are shown in Fig.
3B. They cledly 5 show regarding Pattern D80 that a snoother surface can

be obt ai nedQOraiEarispni T3> f a pad according to Test Exanple 1, 2 or 4 is
used then if a paHshia Cﬁydféldwe%%%ﬁ%é §OQ aﬁﬁad@h& c%u%azf% dnSE %‘Bles[ 0054]

<Conpar i soq. BT%I‘e éﬁcﬂ- sgtPlté E@lﬂgt eag
Conpari son W

grélpqcs use ﬁg@({ %at e sur @ﬁﬁé C]
}ch;[EkﬁesP-er(_‘l%(f Aié;% n*éfgh ; %grﬂlﬁfhﬁ ’E‘?‘i"&}gﬁ }%’ P%rfeﬁ reﬁ%ﬁxﬁm%?
12402

wer e corrpa? ‘g‘g zga,ufqy" g e3ch pad.
Non- Uni'¥ or i§ WB&@I a H@‘am\etteh@haﬁ*mfahmoamm wnifonyaity metisin
showi ng faﬂ'rei Wafﬂr(mlrfﬁnefmdmmeswedhnrtermhef vefentmerdfdsmndadd eepiatmmed in
ternms of pBbr senkagmoutl ithandas drafeviatfiel (averagd ok rempval). W dhhiltert he
waf er surf A&y N{avedageirstietks renpvalldr AusmBtiber in Wil vaheeall Neifigat es a
smal | er fltGekAddsORal MnedReKd HEIONG m eddurBinehict KRESS riRSvAERS WS for the
measur girenéorinestiany SHaMBYR 1N 12s2rddice type apparatus for measurement of :

film t}uckness (Nanospec:9200 (product name) produced by Nanometrics, Inc.)

0055

For the polishing, a commercially available polishing machine as

shown in Fig. 2A (MAT-ARW681S (product name) produced by MAT, Inc)

25 was used under conditions as shown in Table 3. As for the slurry, a
commercially available slurry liquid (Semi Sperse 25 (product name)
produced by Cabot Microelectronics Japan, Inc.) was diluted with pure water
at 11 and used.

[Table 3]

30
Table 3
Rotational speed of lapping plate 60 rpm
Rotational speed of polishing head 63 rpm
Polishing load (polishing pressure) 3 psi
Load on retainer ring 5 pst
Speed of swinging reciprocating Imm/minute
motion
Distance of swinging reciprocating 10mm
motion ‘
Polishing time ‘ 120 seconds
Slurry flow rate 200ce/minute

[0056]



20 commercially available light interference type apparatus for measurenent
of filmthickness (Nanospec9200 (product nane) produced by Nanonetrics,
Inc.) [0055] For the polishing, a commercially avail abl e polishing nmachine
as shown in Fig. 2A ( MAT- ARW81S (product nane) produced by MAT, Inc) 25
~was used under conditions as shown in Table 3. As for the slurry, a
comercially available slurry liquid (Sem Sperse 25 (pr-oduct nane)
produced by Cabot M croel ectronics Japam Inc.) was diluted with pure water
at 1:1 and used. [Table 3] 30 Table 3 Rotational speed of | appi ng plate 60

rpm Rotational ’Iﬁ@ez%gul% op@ohﬁigr%nhﬁgsqs”)ﬁgré’ Q@Wnpﬁl asoh gd L8l shing

t
Pt ot oot ?%9% in P 4? thdifgeds B v 4% S ReAIRRS c%?% theLomm
noti on - Poff % %%ges%’&‘g:%@mé? P))”ifff%w GRSYT 0’@ i HELBO 056]
12 The redd ﬂ%‘g BHhiEr | £ig8- $eandzB ase shown in g cpaiised forpn e Fig)

shown i |r? 4 |nd| cat es a val ue based on a neasurenent nade fromthe
center part[ aljetdhe edge end (5m) of the wafer. Measured val ues are shown
in Figs. 4A and 4B. Figs. 4A and 413 are shown in a conbined formas Fig.
5. 5 [TabMleb#&l4d Table 4 Shore D 60.0 66.0 75.0 78.0 80.0 hardness
(Conparison SHoré Desty 4) Edost 2)] (e 1) ¢&5epar igom L) (gpepl €)1l
Pol i shi ng| 8%aidas 226BoRpARokIN0| (Tt @) (ATesd 9) WMQ)(%CO%ﬂr@oﬁ;l)‘l 8 7.0
10.0 Pol i sBaxaempiat ¢ of Conpari son Exanple 3 wap 2000 A /min and its 10

W WNU was| 7 PaBshih90%7] 1183 1702 2265 2190 1900
rate
( A /min) .
WIWNU (%) 8.4 6.3 4.8 7.0 ©10.0

Polishing rate of Comparison Example 3 was 2000 A /min and its
10 WIWNU was 7.2%.

[0057]

The value which is required to be practical value is 1700 A /min for
polishing rate and 8.0% or less for WIWNU.

15 [0058]

‘ As shown in Figs. 4 and 5, values of polishing rate and WIWNU
required to be practical can be obtained with polishing pads with Shore D
hardness within the range of 66.0-78.5.

[0059] .

20 Fig. 4A shows that the pohshmg rate is higher than Comparison
Example 3 if Shore D hardness is greater than 70.0. In other words, it can
be concluded within the hardness range of 70.0 - 78.5 that the
aforementioned requirements to be practical are satisfied and also that the
polishing rate is higher than Comparison Example 3.

25 [0060]

Fig. 4B shows that the WIWNU is lower than Comparison Example 3
within the hardness range of 64.0-78.0. It can thus be concluded within the
hardness range of 70.0-78.0 that the aforementioned requirements to be
practical are satisfied and that the polishing rate is higher and the WIWNU

30 is lower than Comparison Example 3. The lowest WIWNU value is obtained

 1n the hardness range of 72.0-76.0.

Brief Description of the Drawings
[0061]
35 [Fig.1] Figs. 1A and 1B are each a sectional view of a polishing pad
embodying this invention.
[Fig.2] Figs. 2A and 2B show polishing machines.



The value which is required to be practical value is 1700 A /nin for
polishing rate and 8. 0%or less for WW\NU. 15 [0058] As shown in Figs. 4
and 5, values of polishing rate and WWNU required to be practical can be
obtained with polishing pads with Shore D hardness within the range of
66.0-78.5. [0059] 20 Fig. 4A shows that the polishing rate is higher than
Conparison Exanple 3 if Shore D hardness is greater than 70.0. In other
words, it can be concluded within theiBardness range of 70.0 - 78.5 that
the aforenentioned requirenments to be practical are satisfied and al so

that the peigighi ng ngseshsaﬁa gﬁef @&'té% a the PedfIR60]

Fig. 4B shgyx@o at gREF g t3h| n the
har dness r n (l:)tJ %E ardness
fange of 7 § ﬁ‘ﬁ%ﬂpé‘f GG PEAPE 1 ¢ eBb EARRISY cal
are sat| sf| "[”ﬁ hi gher_and the WW\U 30 is

| ower tRan! arl S h{eb\%’@?re\ﬂlw Vvagud shovobhareradts i n the.

har dness ra @m@FiHﬁQﬂ@:e'ﬁB‘lO Brlef Description of the Drawings [0061] 35
[Fig.1] Fi§&ig.dA andFieB5ds @ cemthinatiseof FigsalAvireldBf a pol i shing pad
enbodying this invention. [Fig.2] Figs. 2A and 2B show polishi ng machi nes.
13 [Fi g.3N1|fma1® and 3B, together referred to as Fig. 3, show the
resultg, ofg (@2§rpar| son Tests 1 and 2, Fig. 3A showing the steps in Test

Exanpl e 3 a gp r| son Exanmple 3 and Fig. 3B showing the steps in Test
Exanpl es ap g,grrparl son Exanples 2 and S. 5 [Fig.4] Fig. 4A and
4B, togeth ; ’@&”ﬂ O%% Fig. 4, showthe results of Conparison Test 4.
[Fig.5] Fi .5ainsa e&Bi%bi nati on of Figs. 4A and 4B. Numeral (s) 10 [0062]
10 ... a péPi-sKibpgkingisheet ... a pad main body 12 ... an adhesive 13 ... a
backi ngs5 sh@ét.. CMP20achine CMP machi ne 21, 21' ... a | apping plate 22 ... a

pol i shing Bedl’ .23 lappirg plazz| e
22 ... apolishing head
23 ... anozzle
24 ... a monitor
20  25... a reflected light
26 ... a wafer



24 ... anonitor 20 25 ... areflected light. 26 ... a wafer 3 14 dain(s)
[1] A polishing pad conprising a planar pad main body of a non-foaned
synthetic resin, said pad main body having Shore D hardness of 66.0-78.5,

5 conpressi bi I|ty of 4% or -l ess and conpression recovery rate of 50% or
greater. [2] The polishing pad of claim1l wherein said pad rmain body has
conpressibility of 2% or less. 10 [3] The polishing pad of claim1l wherein
said pad mai n body has conpression reqgavery rate of 70% or greater. [4]
The polishing pad of claim1 wherein said pad main body has Shore D

har dness of 70.0-78.5. 15 [5] The p%laéﬂ,@ pad of claim 1l wherein said pad
mai n body has Shore D hardness of 0. [6] The polishing pad of
claim1l vvh e| n, sai,d pad i n body has Shore D, 20 hardness of 72.0-76.0.
[7] The poI shlﬁ‘gp gﬁa@%ﬂnﬁm&%mw B¢ agaimabflsheldg neasformagkness
0.5mm - 2. B¥RshE ﬁ’&’%eﬁ%ihsﬁﬁl@sﬁﬁ\‘ill mpinfoodpdhasing rigererD thortneds ofrb6.10-78.5,

wavel engt hcopBEEHIAIBO0IHH 023eds8indTtrenprrissiohi regoyeayl rafe «f Hi%od gwheeri n sai d
pad mai n body has thickness 0.5mm- 2.0nm and transm ssivity of 30% or
greater to[2li ghThwi pblishiayehedgsh RfindSONIhOREAMaid0phe] mEhe P&y g pad
of clai m leyhpraisibiE} 6f PadeMBigh body has a surface with grooves over

10% 50% of said surface. [10] The polishing pad of claim1l further

th back f f i
‘5825“%%“?3% Thoe RoRIEEL Bud pediaiht 1 WRORRS ' B RS b st P
Shore D hardness gr eeﬁ?verry&ﬁg%c’f[ % Bgrgagﬁﬂ pad main body and

conpressi bi )it i gh than that of said pad mai n bod
i H] y’l‘ﬂe %oﬁshlng pad of claim 1 wherelg said pad mamybody has Shore D

hardness of 70.0-78.5.
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[5] The polishing pad of claim 1 wherein said pad main body has Shore D
- hardness of 70.0-73.0. :

[6]  The polishing pad of claim 1 wherein said pad main body has Shore D
20 hardness of 72.0-76.0.

[7]  The polishing pad of claim 1 wherein said pad main body has thickness
0.5mm - 2.0mm and transmissivity of 10% or greater to light with
wavelength of 350nm-900nm.
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[8] The polishing pad of claim 1 wherein said pad main body has thickness
0.5mm - 2.0mm and transmissivity of 30% or greater to light with
wavelength of 450nm-900nm.

30 [9] The polishing pad of claim I wherein said pad main body has a surface
with grooves over 10%-50% of said surface.

[10] The polishing pad of claim 1 further comprising a backing sheet affixed
to the back surface of said pad main body.
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[11] The polishing pad of claim 10 wherein said backing sheet has Shore D .
hardness greater than that of said pad main body and compressibility higher
than that of said pad main body.



