;rse3ec2 (6T2AG DESCRI PTION METHOD FOR POLI SH NG WAFER AND POLI SHI NG PAD
FOR POLI SHING WAFER 5 Technical Field: The present invention relates to a
nmet hod for polishing a wafer and a po_Ii'S_shi ng pad for polishing a wafer
preferably used in the nethod for polishing a wafer. 10 Baﬂm@Mﬂmmmmmmmml
Conventionally, a nethod for manufacturing a silicon wafer

sem conductor substrate generally includes a crystal grow ng prgg&gess for
produci ng a single crystal ingot by a Czochral ski (CZ) nmethod, a Floati nE

15 Zone nelting (FZ) method or t ' a waf er manuf act ﬂ‘ﬂﬂﬂﬂ s
where this single crystal ingot Fibé¢ﬁ£%@ﬁ§ﬁh at | east one nJNNMﬂ m N
thereof is processed into a mrror-like surface. To describe the «poomeess
nore detailedly, the wafer manufacturing process conprises: a slicing step
of slicing the single_crystal ingot taq obtain a_thin and disk-shaped wafer
a 20 chanfering step MQ%PQLﬂ@HIMrVXAF&%@WrH on of the wafer
obt ai ned through the slicing step to prevent cracking and chi pping of the
waf er a | apping step R@L1$H€N§n?@ R PREISHENGEWAHHAE step that renpves
machi ni ng deformation remaining behind in the so chanfered and | apped waf er
a pol bshing step of making a mirror surface of the wafer and a 25 cl eaning
step of cleaning the polished wafer to renove abrasive slurry or dust 2
parti cl esTedpnedltlédld:her eon. The main steps of the wafer manufacturing
process are only listed above, and sonetines other steps such as a heat
treating step mfthdpreadaedhvdrttornbelveesorea sahodedyr pelipkinigod Medenhndul ti pl e
stages and the step sequence may be changeable. 5 The polishing step, anong
the aboves §itiRhing HRIQUEAS pyHEhDUS af Gl plefoeAblyhused At fidmethod fxanpl e,
a mrror-polishing nethod for a silicon wafer conprises various nethods
such as apdlpdfingiad@afee! i shing nethod to polish both surfaces of a wafer
sinmul taneously as in the |apping step, a single wafer polishing nethod to
poliglp a single wafer vacuum chucked on a plate 10 one by one, and a
wax-free polishing nethod to polish a wafer held by a backing pad and a
tenpl ate Eﬁp;n%hnﬂggﬂg adhesi ve such as wax. At present, there is mainly
used a polrshing nmethod using a wax nmount batch type one side polishing
apparatus to pold rfac I . |.at e made
ofauch as gl nec Gl Rbbuty, REURIL Brth bR LB HEEH S 1808 ° T
pl ate on which th maferg ar e hel d hf ﬁ%ﬁcgd on_a fqrn table on gh%ch a

pol i shi ng‘eI Sggnt:%n %ﬁ%’f' &4 3%8 WEEREHE o i B ?sh& (ffB’S g e%rotwc}ngrprffﬁ%esr otrop ring
the vafer,} SRSt S 0et! et 50 By T e MBI G0 RbehOT, A Hohking

15 Zone melting (FZ) method or the like, and a wafer manufacturing process

where this single crystal ingot is sliced and at least one main surface thereof
is processed into a mirror-like surface. To describe the process more
detailedly, the wafer manufacturing process comprises: a slicing step of
slicing the single crystal ingot to obtain a thin and disk-shaped wafer; a
20 chamfering step of chamfering a peripheral edge portion of the wafer
obtained through the slicing step to prevent cracking and chipping of the
wafer; a lapping step of flattening this wafer; an etching step that removes
machining deformation remaining behind in the so chamfered and lapped
wafer; a polishing step of making a mirror surface of the wafer; and a

25  cleaning step of cleaning the polished wafer to remove abrasive slurry or dust



Generally, there are enployed as the polishing pads used in the polishing
met hods polishing pads made of such as a non-woven cloth type or a 20 suede
type. A polishing pad of a non-woven cloth type which is fabricated by

i mpregnating a polyester felt (having Za-texture of a random structure) wth
pol yur et hane, has porosity and noderate elasticity and is excellent in a
polishing rate and a flatness level, so that polishing with I ess of a sag
is achieved. This kind of polishing pad has been wi dely enpl oyed for stock
25 renoval polishing of a silicon wafer. -3 A polishing pad of a suede
type has parbwées depesitel théreponl yd@heemafiel dtepanof etoaweatbrwidamufattuete hane,
and a foaned layer is fornmed in the pol yurethane, by renoving a surface
portion girotéss hoamedy llsyed ahpes) ngd smhegniear sobdr tdtepencht 4d & hayer is
called a nap layer). This polishing pad is 5 specifically used in final

pol i shi ngreatingatep aluydsd yddel, yhe ¥bbed né Btdph@al QRIRITIRVET afRTALBE Ween a
work and an inner surface of the foaned |ayer to thereby perform polishing

of the wasthgedhadahe bhipsdtRRcemay BOhahkatbhipad has been wel | used in
chem cal mechani-cal polishing to obtain a damage-free surface, a peripheral

sag i $ easy to olfgllﬁhglgtdp?_aaa&ﬂ eoé’%v%géé&gs fihéluihgs gggii[oli}is,?&r}l%of he

above polishing pads, a polishing pad suc oane ane sheet is

L o i S MR B A 21

pad of a non-woven h type o exenpl ocess

For. fabr iakhhuioROLl SBEH RAGAILILARPL FPhYc D ARt 6 uberel

pol yest er felt 1's 1npregna res t he
surface t h.S 0 witha roll-shaped gr.indstone attached wth super
hard abr a‘&q 53210%9%’1 Sﬁ%ﬁ%@%gﬁ” %FﬁF@Bitaesggﬁi@%daﬁgsiawiSﬁ@l?,.a AN n
material ,_a.content of impregnation thereof and a buffin ondition for the
surface C‘gﬁ{eg&fol@gl%gégesb%flﬁgtgpﬁgﬁda Stte Yispaaenem-chugked opriRlaihg pad
of this kind, At 20 esent,. a pol.ishing pad with conpressibjljty of the
or denﬁoof %Bya?n%ﬁrg‘{ Gs¥axFhee E‘PLH %‘%Eéﬁ’fﬁ%d\ﬂmql agWaEY b?ﬂdnéymad with
| ow conpr.essi.bi Iiay contributes to a reductjon of the sag in an outer

peri pher aba%b?g Paf s %t%f)ét? Witheut usipgedhesivesueb@s waxoAs dasserdual i ty
of each of the polished fers_ in a polishing step. For the purpose, while
stabi | i zaties® 1%1“1%}1%36Pﬁ%‘\im\?an@olgnbﬁdn?@loﬁn%%ng@nW,aXe@pbm batah tymer endecone

i ssues surface_roughness, -4 conpressibility, a conpressive elasticity
modul us, Hfe pelirbing apparagwatmpelish pne surkocepotskirbl wafersafditered pato shi ng
pad is decreased, a problemarises that the influence of precision in a

pol i shi nga ayipte anade (of stchpes aflass tour cernatite wishriare feftihictiodishdg t he
turn table, vibration in 5 processing, etc.) cannot be absorbed to

det erlifor aappdrasusdbs pdhtecomerhéch tieowaborselry held id placebonpaassnltabldyn i s
excessively |l arge, the anmount of surface depression of the polishing pad
becores |whih & potiahiez paddgadhersd and evither lgpkdesaihg p@pliedrtoain apyef er .

Al so, as for the surface roughness of the polishing pad, in a case of a

top ring the wafer is polished while rotating the turn table and the top ring.

Generally, there are employed as the polishing pads used in the

polishing methods polishing pads made of such as a non-woven cloth type or a

20  suede type. A polishing pad of a non-woven cloth type which is fabricated by

impregnating a polyester felt (having a texture of a random structure) with

polyurethane, has porosity and moderate elasticity and is excellent in a

polishing rate and a flatness level, so that polishing with less of a sag is

achieved. This kind of polishing pad has been widely employed for stock

25 removal polishing of a silicon wafer.



10 snoot her surface thereof and a higher content of inpregnated resin
therein, a contact ratio between the polishing pad and an outer peri pheral
portion of a wafer rises to increase_%_sag in the outer peripheral portion.
Conversely, in a case where the surface roughness of the polishing pad is

i ncreased by buffing it roughly, the conpressibility itself becones |arger
to further increase a sag 15 in the outer peripheral portion. D sclosure of
the Invention: The present invention has been made in view of the above

ci rcunst ances, - fQre i e hS . j QNel Syt rovi de a 20
met hod for poli ?hn?%% ahgé)% grO%PP ]g%%% %e&g eb% g\l]?érsl% i?]yngg%glag% p?ﬂ,ye%p]&o%}/ter

peri pher I . a polishin aq for .polishi,ng a. wafer
prefer abf%/n %}gggh?er? t léﬁnﬁg&g%e%glepo IIlAS hi r?&agle\%ag%ﬁf‘?r Tﬁeiloﬁ?lefiag% Hughness
and the Lhilq are.propertd es_associ ated with each other, and when
the surf g@éﬁ%@hﬁ%’s@ %Sg}f)ﬁélgg @05\1@3?9 p%“‘?rhé’?éﬁﬁ’pw@%dbﬁﬁef WPEBHIES t o
becone | grger.. Though it is desired that in order 5 to reduce a sag in
an out er %gpg 6%’?%#%‘3@9?1(@“&3339%“é“tlhlf‘iadt%léag drverte Thitgrhiebng rad #cr eased
to the lar esft al ue passible and the conpressibility is reduced to the

| onesP valPGei}ss: iBP%f iphEngl gedishing whareincabyasive edurryohnbl inhdref or e
only one of them has been controlled so far. In order to solve the 5 above
probl em foamed]aset acts betveer arwerds aed andenensurfacackthe foamedrlager tant

di scovery that in order to keep the flatness of the wafer, the nost

sui t abl e tHexehy perorm pdishing o thadvarkn Beowd thiedtyby ofrppolyshiggapadati o of
the properties, and have achi eved the present invention. That is to say, a
net hod f drapbsensweHgisedviafcbenticelondtmanical pdleshiog po ebtain 4 damaize dnee
conprises the step of : mrror-polishing a wafer with a main surface of the
waf er beiswyface, coperipherilt sag ipehsy tbnecpadwing dongwaies paishingi nr egnat ed
with resin, wherein a ratio of surface roughness of the polishing pad to

conprl@ssiddditiby theheafbovespolistiagr pad)nes®lRaiiEYR saeiReasidaimdd y (9}
is 3.8 or nore. 15 A polishing pad for polishing a wafer according to the

present iwmeehihesheés iefavadlabiven fabric inpregnated with resin, wherein a
rati o of Surface roughness of the polishing pad to conpressibility thereof

surface roughnesss Randthall/ 6P MBSk higotishidg pha sBch 22'a PBliShing e there
is a tendency where the larger the IJ?éat iﬂ(;mof t g sSrfcace aZ rloulé%ness to the

conpr essi & hifioh-wohnbabiiehyb ol ti MRSS thBR $PeKbHifldd™ f@“fggsoirféﬁ pl aced

on the upper linit of the ratio, while the ratio Is Sulta ess in

view of BrRutiRcepbidalose SR LiSn AIPLESRILL Yy ERATE! R deter

consi dering easy fabricatl e poli'shing cl e rati

Phe. ompr yaaiRegh et i b0 kbl Pt deBRAE W oy sk B BRI IEY ° 1"
pol | shi not Shesd st LA SHRRe E Gria o HENSFR 1R, BaBLRRB B et HhEtior beo °
Nor cover, Bt EateBntrT8dbfedttl MBh R GnBL AT B aySftaliR FartEnliaf essi on

of a pol iigrrrﬁi)rne%n%%ﬁj)neQﬁgfjero?ggﬁdaas %%fhplgaQOI?&ll%i%gfl for the surface control

compressibility and other properties of the polishing pad of this kind. At

20 present, a polishing pad with compressibility of the order of several % is used

and it has been known that a polishing pad with low compressibility

contributes to a reduction of the sag in an outer peripheral portion of a wafer.

It is important to keep a constant quality of each of the polished

wafers in a polishing step. For the purpose, while stabilization of a polishing

25 pad is important, especially there become issues surface roughness,



peripheral portion adversely. The surface roughness is preferably _
controlled in the range of from15 ~mto 19 ~, m Wen a wafer is polished
using a polishing pad with the above nmentioned range, a polished wafer with
hi gh quality can be obtained. to Briefd Description of the Drawings: FIG 1
i s-a graph showing a relationship between f surface roughness
(~m/conpressibility (%9} of a polishing pad and flatness (in a case
excluding an outer peripheral portion of 2 nm of a polished wafer in
Experimental 15 Exanple 1~ FIG 2 is a graph showing a relationship between

surface roumgpressibility, m)conipmsgivkietdutigtypmddais, fandlt thsss.(i n a case
excl uding an outer peripheral portion of 2 mm) of a polished wafer in

Experinent al Ex&tuplexainplé) iBtha compaegsilsidity 5 ohé Psh@hihglgfm BnRbid Rat veen
conpressibility (%9 20 of a polishing pad and flatness (in a case excl udi ng

an outer perolihar atispothiptheinfudhde 6f prechgbh $hetp¥BSiEhe dpRXREL (BNt al
Exanple 1; and FIG 4 is an explanatory sectional view for "'schematically

showi ng ashagesenta shripaablof s@faeedamat &f (12 Rakh StabY mg{sﬁhUﬁbgsed in

a method for polishing a wafer according to the present i'nvention.

Best MW0depropssstias, ¥td caMhot (N AHAYARG 98 AR TR gif{gﬁgéssmof t%h:‘ﬁg%esent

invention wll be explained belowwth reference at t'ac ¥ awi ngs.

mod 11 6d o0 Ehsage bRl B, BB R APEHp AR A dea
of the pr@eﬁﬁ@@sibﬂvo?ngﬂeoﬂoliﬂig‘g ﬁlad becomes large to cause a sag in an outer
peripheral portion of a wafer.
Also, as for the surface roughness of the polishing pad, in a case of a
10  smoother surface thereof and a higher content of impregnated resin therein,
a contact ratio between the polishing pad and an outer peripheral portion of a
wafer rises to increase a sag in the outer peripheral portion. Conversely, in a
case where the surface roughness of the polishing pad is increased by buffing
1t roughly, the compressibility itself becomes larger to further increase a sag

15  in the outer peripheral portion.

Disclosure of the Invention:
The present invention has been made in view of the above
circumstances, and therefore an object of this invention is to provide a
20 method for polishing a wafer effectively preventing a sag in an outer

peripheral portion of a wafer and a polishing pad for polishing a wafer

preferably used in the method for polishing a wafer.
The surface roughness and the compressibility are properties
associated with each other, and when the surface roughness becomes coarser,

25  the compressibility tends to become larger. Though it is desired that in order



shows an enbodi nent of a polishing apparatus used in a nmethod for polishing
a wafer according to the present invention and is an explanatory schematic
sectional view of an essential part faor.showi ng a constructive outline of a
pol i shing apparatus for a work equi pped with a single wafer 10 poli shing
head. In FIG 4, reference nuneral 10 designates a polishing apparatus,
which is constructed as an apparatus polishing a single side of a wafer W
for exanple, a sem conductor wafer such as a silicon wafer. The poli shing

appar at usia1 Q. dhel Udess r bleg.1v: t shing. he 14, and .abrasive
15 sl ur r>s/t % g%%lﬁht%ugegﬁ%.lﬁThg ?‘Iﬁeﬁ {)g%fjée@ ﬁ(glltiog{]é)? e ‘35%5’ 3P85%‘fl'if%(éed
rotation . {18 and ;a poli.shin d 20 is adhered onto
the top slfjor%?glggg? %é?lg%)e?ars)é‘?'ﬁtgﬁfle 14 eg\fa\(aelpe‘ﬂpis?%ﬂee?gdgﬁe 50%8?"%?5?1?1‘2‘1‘36?5}19 face
22a of a hol di n |.at e body . t he poli shi head 14 by vacuum
chucki ng %@Eﬂ%%% tﬁitgg,lg‘ﬁgsta uPWé@‘éie’%etMngmﬁss‘Fﬂ chwald qachypider;

si mul t anegusl ressed ontop th l'ishin ad 20 of the turn table 12 at a
prescri be eF%ﬁé& O*i*fyeoﬁf)rog§ﬁ9’él g’l‘gg??n Eopgmﬁég grigs. tlReondsritersohite thed 20
fromthe abrasive slurry feed tube 16 at a prescribed flow rate, and the
abr asifve 31qVeRroplern, t&’@dnﬁ%ﬁ%ﬁgai’ﬁ@%‘#@ﬁdW%ﬁwuﬁﬁéuébI‘MlﬁhﬂrlfgstpiéanO to
thereby polish a 25 surface of the wafer W 8 The polishing head 14 is

const i t ut @gcOrery that ar dpuitadepp dbe flatapsoof whe iwathe, theef moshehitiablp f ace
22a and many . t hrough-holes h for vacuum chucki ng, and a hol ding back plate
24, wher ed¥alitye of i odishing exdn canebe otefomde dyt emplovngum satparddt tise not
shown via a vacuumrecess 26 fornmed 5 in the hol ding back plate 24 and via
a vacuum peperiestamd/bavauaclubvuek thepreaseheinWimivt.he waf er hol di ng face 22a
by vacuum generation. Further, there is formed a space 34 surrounded by an
outer cover 30, Tlwd hkotaisay, hactethbatfer Jblhingm avufot alcc@ldissito hady 32,

and a conpressed

10 present invention comprises the step of : mirror-polishing a wafer with a
main surface of the wafer being in contact with a polishing pad of non-woven
fabric impregn.ated with resin, wherein a ratio of surface roughness of the
polishing pad to compressibility thereof {surface roughness Ra (um)/
compressibility (%)} is 3.8 or more.

15 A polishing pad for polishing a wafer according to the present
invention is of non-woven fabric impregnated with resin, wherein a ratio of
surface roughness of the polishing pad to compressibility thereof {surface
roughness Ra (um)/compressibility (%)} is 3.8 or more.

Since there is a tendency where the larger the ratio of the surface

20 roughness to the compressibility, the better the flatness, no specific
limitation is placed on the upper limit of the ratio, while the ratio is suitably
10 or less in view of the surface roughness and the compressibility.
Especially, considering easy fabrication of the polishing cloth, the ratio is

preferably on the order of from 5 to 6.

25 Especially, it is preferable for the compressibility to be in the range



air feed path 36 extends into the space 34 and connected to a conpressed
air 10 feeder not shown. A polishing pressure is adjustable by regulating a
pressure of the conpressed air feeder. Needless to say, a polishing
apparatus used in a nmethod for polishighg a wafer according to the present
invention is not restricted to the enbodi nent shown in FIG 4. 15 A nethod
for polishing a wafer according to the present invention uses a polishing
pad having a specific performance according to the present invention as the
polishing pad 20, for exanple, in a polishing apparatus 10 as shown in FIG
4. A pol ishfrom pedtaudeido nftthe Jsmigredsibilifyhis ReesBAL 2%y aflhdires ARl Y a
polishing pad according to the present invention necessarily has 20

{surface gioiyghoess thgiMable asaepslidhihit ¥ppaltudf ardd &1Pht ik afibnist age
before polishing. That is to say, a quality of a polishing pad Is adjusted

SO as to pRRbsSAnPr &MdtbBE &RSHILEA O itheldlR, Reefite LNYE ;fglo.rblfa‘togg@% !

as-received state (at a stage when a polishing cloth is ricat

pur chasedjerifiesl pb?ﬁoﬁ%@l}%ﬁs%?*gi\@r%év&f iPtl'RgJ:ecing FAGIRAL, IS BaRYL 6 by a

method 25 in conformty wt 96. To ncrete,” using a digital

| i nears gageof fQlrf I < u Corporation), a
thi ckness T1'is rr%%eaag?%?{ggnggﬁﬁg}%ﬁg%dn?gﬁ%wrg %rﬁa %%gﬁpa?nloc‘)%ﬁr WO is
appl i ed, isdncreased to WL, a thickness T2 being read after
an el apseﬁé()}gp%}%ﬁlll?%aﬂ%%fw?ﬁg}&onpr essibility (% is calculated with an
expression of {( code2) T x5 100. The jnitial load WO is 300.9/cn2 and
the load W is 18Y0° %&FQ"’? hré%?ﬁllﬁﬂ?éﬁgbiyh@@mu@g@ F%ﬁ%@&r@%asured
on a surface of ol i shi-ng pad w t.h a.roughness neasuyr.ing instrunent of
cont act t??)ém% ft8?192&5]r‘rplk@}eq‘53r‘f'ﬁgﬁ1 lﬁQ{Yksﬁﬁgé‘%ﬁ}g'ﬁoR%li’Ség rﬁ%‘gﬁ’l@bﬂ}e Ltd.)
under prescribed conditions 10 ( .a jmeasuring .lepgth of 12.5 nm  a measuring
speed of %b%yenrr‘?faﬁflﬁflegrﬁ‘fige’& Poﬁ?heﬂga ‘&Wg }&ﬁﬂl%la\]/]é}’lﬁ%l.belfgﬁé&e&]l-ly, t he
conpressibility of a polishing pad used in the nethod of the present

i nve on, that is to say, a polishing pad according to the present

i nvention, | Eﬁg;f.er,abl y.in the range of 2 %to 4.5% Therefore, 15 the
surface rg@@ gripfion g3dhe dhamgngsid according to the present invention is
preferably controlled to be 7.6 ~,mor nore and nore preferably in the
range of from 1FKmkis agraph dayddganrcaationshipsmitorenfsisfiadeamaghnegiiness Ra
(=.m [/ conpressibility (%9 = 3.8 or nore, which shows a feature of the
present i fwehedmpressinliex @6Plof a fadishing phil shidnfiatreds Vi b dake escluidaee
roughness of 18 20 ~,m the conpressibility is preferably on the order of
from 2% t en/uiey panigheoal portidn shi2nmmadf wi pdlidhed wafdrane Pxpugimm@ss] of 15
Vim the conmpressibility is preferably on the order of from2%to 3.9%

Thougtb a Eabmipdaftli on process for a polishing pad of the present invention
is not different froma prior art process, it is necessary to pay 25

speci al attenti dFIG.@ & 4 ghasH OMGEhing DAIWEIBAshIPLAMERhESHIFRA +dustdst he
(um) of a polishing pad and flatness (in a case excluding an outer peripheral
portion of 2 mm) of a polished wafer in Experimental Example 1;
FIG. 3 is a graph showing a relationship between compressibility (%)
20  of a polishing pad and flatness (in a case excluding an outer peripheral
portion of 2 mm) of a polished wafer in Experimental Example 1; and
FIG. 4 is an explanatory sectional view for schematically showing an
essential part of an embodiment of a polishing apparatus used in a method

for polishing a wafer according to the present invention.

25



-10 surface roughness for the polishing pad of the present invention. Wen
fabricating a polishing pad neeting the conditions required for the
pol i shing pad of the present inventiqn7_for exanpl e, the conditions for
fabricating the polishing pad is adjusted as follows. For exanple, for an
non-woven cloth 5 type polishing cloth of a polyester felt inpregnated with
pol yur et hane, an inpregnati on anount of polyurethane is adjusted so as to
regul ate the conpressibility to be on the order of 2% (slightly smaller

t han 2% ’Bé&!m&@%magﬁﬁ%@t@?qﬁ?gﬁﬁoﬁf the polishing pad with a

grindstone wth surfac 100 to adjust its surface
roughness and t t th onditions 10 of th resent.invention.
Also, in the rre'?ﬁ% %@%&flﬁgo t%let Hléesﬁpgslgﬁ?r}ﬂ?ﬂv‘gﬁli §ntX fm}egi ﬁ@am red to
keep a rati f.{surface roughnes ~. m/compressibility (%9} of the

pol i shi ng%btgld%?%i%%c%. g Hhe r‘?&F%C eﬁr%&hg‘?g p@ﬁ’rss KRrRpdiment st @erelnever
due to polj shi conditions such as .influepnces of abrasive slurry, etc. and
15 oper at ﬁlh'ﬁ‘tlfa}qﬁ@; a@ﬂ(,t&l,e DY e8Rp venhen uay) Péﬂ?‘ﬁ‘é‘egeﬂi shaagpd yBrpushanges
even ring.polishing. Theretore, in an actyal polishing operation, a ratio
of {s??lr]f a@@&&&%ﬁé&‘gﬂ%%m shujcg |1<i6t6y0;('j 5@6} Preseadjineeriaon.o K414 i n the
above range at |east at the start stage using the polishing pad. Also, in
repeat i ngSHOTS S fglppsEmentopk a pokishing yapparatus peedshi rmy mathods for adual | y
changed, 20 while a ratio of {surface roughness (~,m/conpressibility (%}
is to be Belishinsd walersaeesrdingstathy prescat bpventdesiamg istan eaplaragorol i shi ng
pad in the course of the polishing operations. Exanples Wile description
will be gichematic shetignalseiew iofivamntessential partofer 8howimg metenstenctéve t aki ng
up exanples below, it is needless to say that the -11 exanpl es are shown
by way of owtlingsef atpaishing yaparactatieo firda nworkbeqaipsidr weth bysinwale @fafer
limtation. (Experinmental Exanple 1) A ratio of {surface roughness

(~. M¥&onpoeledsnpibleatly (%9} of a polishing 5 pad was changed to investigate
a relationship between the ratio and wafer flatness after polishing. Using
a flatness testdn BIOQ, keferades byundddal Qur Aosighhtd, a ffMsRasSs appard@asured in
terms of SFQR (Site Front | east sQuares < site > Range: ditference of

undul at i owhiich BaRhssivceedas an &aﬁwﬂcﬁfs@\ingécsliﬂgk@d@af OUBEy W%rfbfher al
portion of 2 Mmmwth a size of 25 mm 10 square cell, and the max val ue of

the cell sepmphe yabaficottidRse watbrRRY) a¥as sﬁ%@%%aﬁgﬁ:l \g‘ltl% ;ﬁ)%ﬂ%}lﬁ%h' ng

apparatus simlar to the polishing apparatus s h there

wer e usedayNgaia@us 100hichidg Padh @Q&%r%ﬂhs} @g#ggglsgggg%l H%Yia?go ?P{jégaﬁéeer ent

rati o val ue of {surface roughness 15 ( ity I nch

St 11 omn vakers fuuBeted 1. g;ﬁqﬁa;g? ﬁé%@&%ﬁ@% pﬁé%(;?%&ﬁ%f%ﬁ%%ﬂ%@?r asive

slurry containing coll oidal at a er polishing

mn A1 G ARaEP S PR B R RS R RB NSRS h R R 207

max: in at}g‘%%gf_excl uding an outer peripheral portion of 2 mm of the
pol i shed water and the ratio of {surface roughness (~, m/conpressibility

0 f th | irshi d. .Asush in FIG .1, if.. f d that t ti
L L R B bl B i T

qual |ty of SRime Rt bRk 25dine potinBinsdivas | Sherap et deekithghineshie,
(-m /fd) LS Srio ailtleidtl}/y {Zfl/g i)blishi_nlgzhead 14 and simultaneously pressed onto the
polishing pad 20 of the turn table 12 at a prescribed load.

The abrasive slurry L is fed onto the polishing pad 20 from the
abrasive slurry feed tube 16 at a prescribed flow rate, and the abrasive slurry

L is fed between the wafer W and the polishing pad 20 to thereby polish a

25  surface of the wafer W.



At present, there is required a quality of SFQRmax = 0.13 ~mor |ess as
flatness and it is found that when defining the quality by the ratio, with
the ratio of 3.8 or nore, a high flat_r%_ss waf er can be stably obtained. In
addition, FIG 2 shows a relationship between the surface 5 roughness (gym
of - the polishing pad and the fl atness (excluding an outer peripheral
portion of 2 nm of the polished wafer, and FIG 3 shows a relationship
bet ween the conpressibility of the polishing pad and the flatness (in a
case excl udi ng 0 NeRi ral ] . | shegl, waf er .
1 O]g(gl?s{h&ﬁg thﬁgﬁfmals cBﬁéﬁhﬁ@d%&' F%Y%%l h%i(*légg)lgi% E%ciéfe

As can be unders i'gures, even I sur roug 10 and
th ibilit individ troll t hei | at i ith
F1'atness U1 Pht VHETeRolab i e aR8 isrvs Fbing'ehche oS b B neo.
but by adopti th ti f f = ibilit 9

as. i 1t heBiOEe: APAvamdigE bhck Seln 2o RTETRGLE HEPRERTRED I i ch

controls the flajness easily. Especially, when the above ratio of {surface
roughnessc%gleftﬁf* ?Q:Brﬁ?rcé%‘gi BPPRY4FUB 0L SHEWAL BlagR VAGHRM Kecesss26 famaedp| e
that there can, bge easil nuf actyred a wafer having a flatness | evel to be
requi red H’e?léeahfﬂé]ru}g EﬁgrPE;@ 44 apd Ay 2V arayuns miakly 280 arasuyan shiack dheto the
pol i shing apparatus, shown in FIG 4 having a polishing pad with the

conpr essi Waifer |V o the gmfernholding frcedief b sagwugtgenetaden.16. 2 ~m ({surf ace
roughness (~m/conpressibil i.t%/ (%) = 4.15), one hundred pieces of 8-inch
silicon wafers wewethgo|theneis formedreespaced4dmyroandérbbyahisiter cowreédls wer e
nmeasured under tight conditions excluding outer peripheral portions of 3 nm
and 2 nm ths haldiegblack gflafeo?4 shdray ahhalaredastiaboéy 38f and b tdmppassedhed
wafers 25 were SFQRmax = 0.12 ~mor |ess. Even when eval uati on was

per f or redannfead path B6vaftends initbathe space 3diangl tdimeotddeto pecinphesseld gerti on

of 2 mm flatness values were SFQRmax = 0.12 ~, mor less it is found that

t he v er feeglee nst shdbynpd| peliwting présulrk & adijustable b regtikities ppbesab
portion. (Exanmple 2) 5 Using a polishing apparatus simlar to the polishing
appar at us oftiebrhprdsksé adr feiadenlg a polishing pad with the conpressibility

of 4.6% and the surface roughness of 17.8 ~m ({surface roughness

(~m / conpr essi bi Nebdleb$to sap; & polRReh ULt a5Re 9h 8- iRehodi frcon
waf ers were polished. Flatness values ot the polished wafers were neasured

under ti ORGLERAY! § hOUTBr hosiEhyH) e YL SIntNBLLANBATL RRLEEANReR o dpgm and 2
mm IS

As a result of polishing, Tlatness values of all the po ed wafers
were SF oﬂiﬂe?@ EO%Alin! 8§ -4 Even when eval uation was perforned on a
waf er surface exc USI ng the outer peripheral portion of 2 nm flatness

val uegswere SF F‘gh(gde%‘fﬁ g?l?%}lg{lﬁlae%f&t a{lczbr‘fh%g]?op&E?;f“é&%tvﬁ%kﬁf’é;:npl o

stably 15 pol i she “to the ou I'phe portion. .
Fla 4 nagelg s iiad BRA LR Mol berbPaalie b B B p et "
f hne 17.5 1~ f hr ~m/ Lhility 20
() =5 YR eR P e inEans ) BT RHORPE: Y o inhils EREAL B AP Sher.
excel udi ng “BEVE o6 o RSB LIS U Hi HA fnheAS ez GQUrETBR
PO o T S oA o A e S e e e

excl udi.ng ,t he, out er .peri pheral portion.of | at ness val ues -14 were
all sg surfags HonetiRess (Ra 2cqmp¥e§81%3h%<"/§>%§? %é%frsorsraé as$taBe\Pefefiel shed
to be flat &l,p to the outer peripheral portion. . .

polishing. That is to say, a quality of a polishing pad is adjusted so as to meet

a prescribed condition in the present invention at an as-received state (at a

stage when a polishing cloth is fabricated or purchased).

Here, the compressibility of a polishing pad is measured by a method

25  in conformity with JIS L-1096. To be concrete, using a digital linear gage (for



(Conparative Exanple 1) Using a polishing apparatus simlar to the

pol i shing apparatus 5 shown in FIG 4 having a polishing pad with the
conpressibility of 4.6% and the surfa%e roughness of 14.5 ~m ({surface
roughness (~,m/conpressibility (%} 3.17), one hundred pieces of 8-inch
silicon wafers were polished. Flatness values of the polished wafers were
nmeasured under tight conditions excluding outer peripheral portions of 3 nm
and 2 mm 10 As a result of polishing, flatness vaI ues of all the polished

waf ers we a XCl out er
peri pher a({)ga ion OF 1@1%6@%}??1}@%“ e&o\grcgpgnoo tl§§ ﬁgﬁgﬁ%ﬁsugLé% ‘?ﬁéfe

with flat es of 10,13 =m or val ua n rmed on a
waf er sur a%rZax\e{iel(l: 5’ 15?1151 %ﬁ%?nplélﬁ‘il%]é)vge‘%iﬁ PBBE‘(’)@ ”En%gﬁfbfﬁ at ness
15 val ues. were t er h are.inferjor to ose in a
case excl%fef?ﬁeﬁ&B \&ﬁn t%@?#%ﬁﬁ?igewlfqam @‘Fr anRlaprse 0# m’éhn@‘ £Rat t he
out er perj.pheral rt on,of .eac r was sagged.  Capabilit f

Expl oi 'Ito at’ quﬁpli'eﬁﬁﬁ’é 1F3S/(%£ ﬂa@eﬁm@h %Fbéﬁ@resﬁt%b?ﬁﬁﬁ‘é Tﬁ'ﬁm}ﬁbl i shi ng
netho usin e palishin ad of the present invention, when polishing a
waf er thls‘? ﬁw tl@irl@%(gﬁ{;@dma%%@/%z andoﬁheelroaldewlpvcﬁeﬂéw Ehem? or
thereof especially a sag on an outer peripheral portion of 3 mmor |ess

t her eof , e¥fduptigRness of SFCQRmax = 0.13 ~mor |ess can be achieved on a
waf er surface excluding an outer 25 peripheral portion of 2 mm -15
CLAIMS 1. A net Hdw serfaporosghmegsas wasasuredmpr a siunfpcehe s pelisihg pad
mrror-polishing a wafer with a main surface of the wafer being in contact.
5 wi th a with shirngghaeksomemvrivay enstraimérnt ioffpccagnat aspwi (fbr resinplepher ei n
a ratio of surface roughness of the polishing pad to conpressibility

t her eof {Surftameld0dugludeds Rekyo-BihciospCeosJithi) hidder PR scritfedechddtion®re. 2.
The nmethod for polishing a wafer according to claim1, wherein the
conprigssi ba mdasueing kagplobt $Dis@npadnieasiifingpeearndo. Drhiein, 2%t . 5% 10
3. The method for polishing a wafer according to claim1 or 2, wherein the
surface ret@bnessafd ab®a Raluehing pad is in the range of from15 ~mto 19
Vim 4. A polishing pad for polishing a wafer, of non-woven fabric

i npregnat ed w t hEgg&diAlly WRRE eédinﬁré’s@fﬂlﬁtﬁfofsyf) Qﬁnhguggﬁelﬁed)fmt e

polishing 15 pad to conpressibility t ereof {surface roughness Ra
(~m) / cONPRRIBLPLF thY pbdde t'1ﬁv§nt§ 2t ay, Q%oﬁghi 48 o .dFIS)%
pol i shing a wafer acg Ing to claimd4, erelnt ressi yof t he

pol i shi ngypag.dsdnt %&&ﬁl&ﬁqg%rgf‘ergﬁmnztﬁé Parfec®d? 2 % to 4.5%. Therefore,

15  the surface roughness of a polishing pad according to the present invention is
preferably controlled to be 7.6 pm or more and more preferably in the range of
from 15 pm to 19 pm based on an expression of surface roughness Ra (um) /
compressibility (%) = 3.8 or more, which shows a feature of the present
invention. For example, for a polishing pad with the surface roughness of 18

20  pm, the compressibility is preferably on the order of from 2% to 4.7%, and for
a polishing pad with the surface roughness of 15 pm, the compressibility is
preferably on the order of from 2% to 3.9%.

Though a fabrication process for a polishing pad of the present
invention is not different from a prior art process, it is necessary to pay

25  special attention to a relationship between the compressibility and the



6. The polishing pad for polishing a wafer according to claim4 or 5, 20
wherein the surface roughness of the polishing pad is in the range of from
15 ~~mto 19 ~.m .AF. AF - 10 -

. AFl . AF3. AFY. Al u3. Ava. A(l . AYl . Al uE. AY%. AF. AYl . AY2. AF_ -OQbW7' !'s

/ 35dsPT} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
]ca] ca] cal]ca]ca]ca]ca]cal]caljcaljcajcLaj]cRal'gqTs Gk S Y;

L1 ##3$$% 990884 xsni d_Z] c"a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca

e L R R R R
3. 53075 cBuFsell dyRERch Bertntethrdiadly B iy onelin) ca) ca)

C a) ca] ca].ca] ca] cal ca] ca] ca] ca] ca] ¢ca] ca! g=l =>: GA\CC8D=DKEFHHJ J
E%%Wﬁe ]preient] 1nv]en€i]on, }or élxan]lple] the] cor]1 1ti]ons fgr fabricating the

XX5YZ}\ @ EMN "} xsni d_Z] ca] ca] ca] cai ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
] ca] ca] caPeA§RAERAT A égql@é?%élﬁcfa lewpc alf emprampley fop an gon-weyeaaelbfbbbc+W
XX5YZ}\ @E*L"} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] captRe) pelishingadletd] ehpceqlyajten fel] isaregnarst mith polyurethane, an
1098 ()- 109 ()-s10% ()-F 109%& ()- 10% ()- 10%& ()-
| 109 f & (Ynpywgeagen agugunt) ofipolynosghgne igladi@sted so as to regulate the
1098 () - F&L10%& () - 109%& g)) -2 110% ()-7 ezOD@ ! 10%& 10 10
10Y9#10%Reqmpessiaigy ¢) be rmatay@rdey -of' 2% (el H(t)y sttt Abah (9%), Holdowed
}A<ZOD@F ! 10! SYz#10% & ()-4 FFz#109& ()-: ! SFFz#10%
& () -: #10b@&bUfERE # 50 Rice Jof 9ke HOREhinE-pad witBz0ghih @¥tond WOV st} facd ®inish
of about #100 to adjust its surface roughness and thereby meet the conditions
10  of the present invention.
Also, in the method according to the present invention, it is required
to keep a ratio of {surface roughness (um)/compressibility (%)} of the
polishing pad to be 3.8 or more even during polishing of a wafer. However,
due to polishing conditions such as influences of abrasive slurry, etc. and
15  operating time, etc., a quality of a polishing pad inevitably changes even
during polishing. Therefore, in an actual polishing operation, a ratio of
{surface roughness (um)/compressibility (%)} is adjusted to fall in the above
range at least at the start stage using the polishing pad. Also, in repeating
polishing operations, a quality of the polishing pad is gradually changed,
20  while a ratio of {surface roughness (um)/compressibility (%)} is to be adjusted
so as to be 3.8 or more by dressing etc. of the polishing pad in the course of the
polishing operations.
Examples

While description will be given of the present invention in a more

25  concrete manner taking up examples below, it is needless to say that the
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(Experimental Example 1)

A ratio of {surface roughness (um)/compressibility (%)} of a polishing

5 pad was changed to investigate a relationship between the ratio and wafer

flatness after polishing. Using a flatness tester 9700 E+ made by ADE

Corporation, flatness was measured in terms of SFQR (Site Front least

sQuares < site > Range: difference of undulation in each site on a wafer

surface) excluding an outer peripheral portion of 2 mm with a size of 25 mm

10 square cell, and the max value of the cells on the wafer surface (SFQRmax)
was evaluatéd.

With a polishing apparatus similar to the polishing apparatus
shown in FIG. 4 in which there were used various polishing pads adhered
thereon each having a different ratio value of {surface roughness

15  (um)/compressibility (%)}, 8-inch silicon wafers subjected to etching
treatment were polished using abrasive slurry containing colloidal silica (at a
pH value of 10.5) under polishing conditions of a polishing pressure of 300
g/cm? and a polishing time of 15 min.

FIG. 1 shows a relationship between results of the flatness (SFQR

20 max'in a case excluding an outer peripheral portion of 2 mm) of the polished
wafer and the ratio of {surface roughness (um)/compressibility (%)} of the
polishing pad. As shown in FIG. 1, it was found that the ratio largely affects
the flatness and there was a good linear correlation between them. That is to
say, it is found to be important to define a quality of the polishing pad by the

25  ratio of {surface roughness (um)/compressibility (%)}.
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thefr%tl% g?%g or more, a high flatness wafer can be stably obtained.

In addition, FIG. 2 shows a relationship between the surface
roughness (pm) of the polishing pad and the flatness (excluding an outer
peripheral portion of 2 mm) of the polished wafer, and FIG. 3 shows a
relationship between the compressibility of the polishing pad and the flatness
(in a case excluding an outer peripheral portion of 2 mm) of the polished
wafer. As can be understood from the figures, even if the surface roughness
and the compressibility are individually controlled, their correlations with
flatness are low; therefore a preferable polishing pad cannot be defined, but
by adopting the ratio of {surface roughness (um)/compressibility (%)} as in the
present invention, there can be defined a polishing pad which controls the
flatness easily. Especially, when the above ratio of {surface roughness
(um)/compressibility (%)} is 8.8 or more, it is preferable that there can be
easily manufactured a wafer having a flatness level to be required hereafter.
(Example 1)

Using a polishing apparatus similar to the polishing apparatus
shown in FIG. 4 having a polishing pad with the compressibility of 3.9% and
the surface roughness of 16.2 ym ({surface roughness (um)/compressibility
(%)} = 4.15), one hundred pieces of 8-inch silicon wafers were polished.
Flatness values of the polished wafers were measured under tight conditions
excluding outer peripheral portions of 3 mm and 2 mm.

As a result of polishing, flatness values of all the polished wafers

were SFQRmax = 0.12 um or less. Even when evaluation was performed on a
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(Example 2)

5 Using a polishing apparatus similar to the polishing apparatus
shown in FIG. 4 having a polishing pad with the compressibility of 4.6% and
the surface roughness of 17.8 um ({surface roughness (um)/compressibility
(%)} = 3.87), one hundred pieces of 8-inch silicon wafers were polished.
Flatness values of the polished wafers were measured under tight conditions

10 excluding outer peripheral portions of 3 mm and 2 mm. |

As a result of polishing, flatness values of all the polished wafers
were SFQRmax = 0.13 pm or less. Even when evaluation was performed on a
wafer surface excluding the outer peripheral portion of 2 mm, flatness values
were SFQRmax = 0.13 pm or less; it is found that the wafers are stably

15 polished to be flat up to the outer peripheral portion.
(Example 3)

Using a polishing apparatus similar to the polishing apparatus
shown in FIG. 4 having a polishing pad with the compressibility of 3.2% and
the surface roughness of 17.5 pm ({surface roughness (um)/compressibility

20 (%)} = 5.47), one hundred pieces of 8-inch silicon wafers were polished.
Flatness values of the polished wafers were measured under tight conditions
excluding outer peripheral portions of 3 mm and 2 mm.

As a result of polishing, flatness values of all the polished wafers

were SFQRmax = 0.10 um or less. Even when evaluation was performed on a

25  wafer surface excluding the outer peripheral portion of 2 mm, flatness values
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(Comparative Example 1)

Using a polishing apparatus similar to the polishing apparatus
shown in FIG. 4 having a polishing pad with the compressibility of 4.6% and
the surface roughness of 14.5 um ({surface roughness (um)/compressibility
(%)} = 8.17), one hundred pieces of 8-inch silicon wafers were polished.
Flatness values of the polished wafers were measured under tight conditions
excluding outer peripheral portions of 3 mm and 2 mm.

As a result of polishing, flatness values of all the polished wafers
were SFQRmax = 0.14 um or so on a wafer surface excluding the outer
peripheral portion of 3 mm, énd there were not obtained polished wafers with
flatness values of 0.13 um or less. When evaluation was performed on a
wafer surface excluding the outer peripheral portion of 2 mm, the flatness
values were on the order of 0.16 pm, which are inferior to those in a case
excluding the outer peripheral portion of 3 mm; it is found that the outer

peripheral portion of each wafer was sagged.

Capability of Exploitation in Industry:

As described above, according to the polishing method using the
polishing pad of the present invention, when polishing a wafer, there can be
controlled a sag on an outer peripheral portion thereof, especially a sag on an
outer peripheral portion of 3 mm or less thereof, and flatness of SFQRmax =
0.13 pm or less can be achieved on a wafer surface excluding an outer

peripheral portion of 2 mm.
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<:>?@\BCQE§_?;L ‘1])0 1% a%\}_m% \J /r\nalgbs?.lcxl'(faa{cgeh(; tlillenarg?e% being in contact
5 with a polishing pad of non-woven fabric impregnated with resin,
wherein a ratio of surface roughness of the polishing pad to compressibility
thereof {surface roughness Ra (um)/compressibility (%)} is 3.8 or more.
2. The method for polishing a wafer according to claim 1, wherein the
compressibility of the polishing pad is in the range of from 2% to 4.5%.
10 3. The method for polishing a wafer according to claim 1 or 2, wherein
the surface roughness of the polishing pad is in the range of from 15 um to 19
pm.
4, A polishing pad for polishirig a wafer, of non-woven fabric
impregnated with resin, wherein a ratio of surface roughness of the polishing
15 pad to compressibility thereof {surface roughness Ra (um)/compressibility
(%)} is 3.8 or more.
5. The polishing pad for polishing a wafer according to claim 4, wherein
the compressibility of the polishing pad is in the range of from 2% to 4.5%.
6. The polishing pad for polishing a wafer according to claim 4 or 5,
20  wherein the surface roughness of the polishing pad is in the range of from 15

um to 19 pm.



