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Field: The present invention reIates_IP_an edge polished wafer with a
suppressed sag in the outer peripheral portion thereof, to a polishing
cloth for 10 edge polishing, and to an apparatus and nethod for edge
pol i shing. Background Art: In recent years, there has been demanded a hi gh
flatness level for wafers, for exanple, thin dzﬁk-shapfd mafFrs, sucr as a
sem conductor silicon 15 single r ereinafter also sinply
referred to as a silicon mafe?),Dgﬁgﬁgggrgﬁggtrate including a quartz wafer
or others, a ceramc substrate including alumna, alumnumnitride or the
| ike. A manufacturing process for the wafers, for exanple, a' silicon

fer, rises: oy LG cylo ical sem conduct or
}Aﬁgg{ vvicf[\rpal wre Z%@Eib@ﬁr@&f@%@eﬁd?g)@@ﬂ%;@éﬁﬁﬁr the like to
i in disk- ; in t Q chanfering a
Bgi ?Ipﬂe'; 2: nedlgz pimﬁﬂgﬁéwg?@w&h@%ﬁ%ﬁww fsI i Ici ng st eg Eﬁ
revept chipping of the ' hereof . _a | apping step o appi ng bo
gur:‘/_ages of IOItohegcharnc ere %%@Bﬁﬁ&fﬂ BQMSMS and flatness |evel
thereof, an etching step of imersing the | apped wafer into an 25 etching
solution to etch all the surfaces thereof for renoving processing 2

Novenber 2004 2 darmage renmmining therein; and a polishing step of mrror
pol i shi ngT%Glmlqeﬂj@eldg:

The present invention relates to an edge polished wafer with a
suppressed sag in the outer peripheral portion thereof, to a polishing cloth for

10  edge polishing, and to an apparatus and method for edge polishing.

Background Art:
In recent years, there has been demanded a high flatness level for
wafers, for example, thin disk-shaped wafers, such as a semiconductor silicon
15  single crystal wafer (hereinafter also simply referred to as a silicon wafer), a
glass substrate including a quartz wafer or others, a ceramic substrate
mcluding alumina, aluminum nitride or the like. A manufacturing process
for the wafers, for example, a silicon wafer, comprises: a slicing step of slicing
a cylindrical semiconductor ingot with a wire saw, a circular inner diameter
20 - blade or the like to obtain thin disk-shaped wafers; a chamfering step of
chamfering a peripheral edge portion of the wafer obtained through the
slicing step to preveht chipping of the periphery thereof a lapping step of
lapping both surfaces of the chamfered wafer to adjust a thickness and
flatness level thereof; an etching step of immersing the lapped wafer into an

25  etching solution to etch all the surfaces thereof for removing processing



surface or both surfaces of the etched wafer for inprovin surfa
roughness | evel and a flatness |evel thereof. Furthernnre%zﬁﬂgmﬁhﬁégg?ed
portion of the above chanfered wafer i§. 5 usually subjected to edge
polishing prior to polishing the wafer for preventing particle generation
upon contact thereof by handling or the like in later steps. The edge
pol i shing has been perforned using a known edge polisher 10 as shown in
Figs. 12(a) and 12(b) (see JP A 99-188590). The edge polisher 10 has a

rotary drugm}2e 38 diginQf (HRreid: hat dre tof.af €s. about, a 10
rotary shaft %?1 at 81. ﬁll%fg gpeegl-q{d%%?fh??in%gﬁgié\%&ﬁgygbg%%}% %%lu}%ecl oth
(a polisfi ) 1 16 FILG .12(b I.s fixed pn all the
out er sugr‘#g%ceeogog P é@r%{ﬂg&f sdr%ffjm Z%rt(iléecgevé %ﬁafogsglg)p\)ﬁ&‘fl&g raofsgffaﬁﬁ
devi ce, i i s.knstal l,ed orrespondingly to the rotary drum 12 and can
freely c\r,%r?%gméag% ii‘?‘t?eﬁgﬁ‘glaeﬂaﬁ%esﬁgﬁg%@’@r‘?@yt he rotary drum 12. The wafer
rotating device (8 jncludes, a pase 20, and a tary shaft 22 rotatably
instal | ed on the]51 ‘fr&berstﬁ?”feazge Sgaﬁ%r%%wtm O{Q ve ghamipeadivateripe” t op
end of the raqtary shaft 22 and, subjected to edge ol i shing. 24 designates
.a no?zl e‘}S%aiY ﬁg}gﬁ‘ﬁfﬁfii%?%ﬂﬁ IPPEHﬁP@ BYig¥ F@p@l@shlagéﬁe weientar prerentongof t he
pol i shi ng clotih 16 with the wafer W Edge golis_hi ng is 20 performed by
pol i shi ngPIHECIR BaRPIETER Wern cetagt theyeo angling oh thelikeiindatdyetéps. he
-rotary drum 12 and the wafer W and pressing the wafer Wto the polishing
cloth 16 on t he Fhs edse polighing has heeprraréoraned neiheta knowmggdee fdisheexanpl e,
in the range of from 40 degrees to 55 degrees relative to a polishing
surface o0 apshpwmdnyFigeuh(adsnin A(hk(sabfPeARDH] S50, [Ttcontgeaprlisheat i on,
as the 'polishing cloths 2 Novenber 2004 3 (polishing pads) 16A and 16B,
t her e wasl@hsgghastaryab umn il8ranat is of atstomdtyra thpiolhieshiung 18lrotdtet pbbishi ng
pad) 16B (FIG 12(b)) of a single |ayer structure,

10 rotary shaft 14 at a high speed. A multi- or single layer polishing cloth (a

polishing pad) 16A (FIG. 12(a)) or 16B (FIG. 12(b)) is fixed on all the outer
surface of the rotary drum 12.

18 desi-gnates a wafer rotating device, which is installed

correspondingly to the rotary drum 12 and can freely change a tilt angle

15  relative to the rotary drum 12. The wafer rotating device 18 includes a base

20, and a rotary shaft 22 rotatably installed on the top surface of the bése 20.

A wafer W is held on the top end of the rotary shaft 22 and subjected to edge

polishing. 24 designates a nozzle, which supplies polishing slurry 26 to a

contact portion of the polishing cloth 16 With the wafer W. Edge polishing is

20  performed by polishing the chamfered portion of the wafer W with rotating

both the rotary drum 12 and the wafer W, and pressing the wafer W to the

polishing cloth 16 on the rotary drum 12 at a predetermined tilt angle, for

éxample, in the range of from 40 degrees to 55 degrees relative to a polishing

surface of the rotary drum.

25 In the above published patent application, as the polishing cloths



but also a polishing cloth (polishing pad) 16A of a two | r stru re,
that is, apnulti-layer structure (FIG 12 (a)) constitutZ%ﬁBVm§b§ﬁ®§% 16a
made of at 5 | east one of synthetic resgi.n foam nonwoven fabric,
resin-treated nonwoven fabric, synthelic |eather, or conposites thereof;
and an el astic sheet 16b such as a synthetic rubber sheet or a sponge
sheet. I'n the above edge polishing nethod, in order to increase a
pressed-down anount into the polishing cloth (polishing pad) 16A or 16B,

10, 1ers AR, aRETRACI R 40,36 Rl B STl ot ol e
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strucgﬁre i% has ,been fQund_agEording to experinments by the present
i nventbr 1 oge ofifymihetic regin Pamy nEIWerrHiatyie, itsABreated popmuvened
ext endi ng ?PO pmaor pore into a wafer main surface froma wafer chanfered
portion 3fbric, synthetigleathers ar comporides thereotmndsam blastvedmet d6bistehng i s
referred to as over-polish and a width of the polished portion 32 is
referred 2®azynbhetisBrbhassheet ar disponghehepdt h of the wafer chanfered
portion 30 is generally on the order of 5.00 ,m Therefore, the sumof the
25 waf er chanf erlad ther above 3edgeabmlishi0® method, tihe ood@r -tholihsleasedgh 32 2
Novenber 2004 4 (about 500 j,m is about 1000 m that is, about 1 nm An
edge excl psissed-dowm aEount)intorthe| milisdsse mbetbufiRhin®pad) Walkeor R face is
currently 3 mmfromthe periphery of the wafer; therefore, if an
10  there are disclosed techniques using soft polishing cloths (for example, Suba
400 having a thickness of 1.27 mm and an Asker C hardness of 61 used in
Comparative Examplg of the above published patent application; Suba 400
having a thickness of 1.27 mm + synthetic rubber having a thickness of 1 mm
and a rubber hardness of 50 used in Example 1 of the published patent
15 application; and Suba 400 having a thickness of 1.27 mm + sponge sheet used
in Example 2 of the published patent application).
In the case where edge polishing is performed using a polishing cloth
of the above noted structure, it has been found according to experiments by
the present inventor that as shown in Fig. 13 a polished portion 32 is
20 produced extending 500 pm or more into a wafer main surface from a wafer
chamfered portion 30. In this specification, hereinafter, such excess
polishing is referred to as over-polish and a width of the polished portion 32 is
referred to as an over-polish width. The width of the wafer chamfered

portion 30 is generally on the order of 500 um. Therefore, the sum of the

25  wafer chamfered portion 30 (about 500 {1m) and the over-polish width 32



over-polish wdth is about 500 m an influence thereof on ¥@% éﬂg@p SS IS
5 smal |l . However, there have recently increased demands fo

possi bl e edge exclusion area (E. E ) .for wafer flatness neasurenent. ThIS
is for inproving a yield of device chips obtainable fromone wafer.
Generally, there has been a tendency that while a relatively high flatness
| evel is achieved in a central portion of a wafer, a wafer thickness 10
decreases froman inner position of about 5 nn1fron1the waf er peri pher al

edge to t(lggoﬁp E;ngs %{llcq %ﬁ%}aﬁs ref.gied to as a sag in the outer

peri pheral portio causes o IJ:tlhe waf er peri pher aI sag
may be consi der f pol i shin sures
pol i shing a waf ;hﬁh éggérjlg}é%}lggéeaﬁ ggﬁrﬁf#ﬁi@%ﬁs ?%“ﬁ%’ﬁﬁﬁg 08 fitatetn d so
on, 15 es IIyth ated at the bou y portion betweenthe
chanf er edgQl %g%cr%tllsocﬁl %Iaa¥ﬂ3egﬁﬁ O@u&’feaﬁ%np e%yoﬂggb“e % dhgrelgre ¥ @mn
|nfluence of e i.shin For examl in case of an edge excl usion
area (E. E g]gﬁv%%g‘” lsfaibaghégg HiBadBrafuancy fheresfron analiey atpeb$ sh wi dt h
of ab ut 50 woul d fI uence %Mf er flatness |evel and generate a
sag i OB’&V%h aﬁ&r TSRty inareassk demapds ciov sieesmhllehle
| nvent i on )g? present_ i nventor has_performed various investigations to.
25, . i sl rdeassdesensres (Foda) fagyaloydiataess massubeingnt, Thss s r esul t
of which 2 Novermber 2004 5 the present invention has been conpleted wth
the new fiPh#PRERVIBS 2aviablef e‘@%ﬁhw@lqwhlmb&& fronange werfabl i ng achi evenent
of good wafer flatness with uppression of a wafer peripheral sag even in
case of an edge%@@r@lg}’,oﬂleaﬁdm E&n B) tenolenop fthat Wil esselatiasiyr Bignt of 1
mm and a structure of a polishing cloth preferably used for manufacturing
an edge ghitneselewdfienchidvedtinea central portion of a wafer, a wafer thickness
10 decreases from an inner position of about 5 mm from the wafer peripheral
edge to the chamfered portion, which is referred to as a sag in the outer
peripheral portion of the wafer. While causes of the wafer peripheral sag
may be considered to be a difference between polishing pressures when
polishing a wafer main surface, an influence of a polishing agent and so on,
15  especially the sag generated at the boundary portion between the chamfered
portion and the main surface is considered to be due to an influence of edge
polishing.
For example, in case of an edge exclusion area (B. E) for wafer
flatness measurement of 1 mm, an over-polish width of about 500 pm would

20 influence a wafer flatness level and generate a sag in the outer peripheral

portion of the wafer.

Disclosure of the Invention:

The present inventor has performed various investigations to

25" improve the above conventional edge polishing technique, as a result of which



above novel over-polish width. It is an object of the pre v nto
provi de a novel edge polished wafer with a suppressed sagfﬂhv%ﬁé§2é¢gr
peri pheral portion thereof, a polishgng cloth for edge polishing which is
used for manufacturing the novel edge polished wafer with good
productivity and high efficiency, and an apparatus and nethod for edge
polishing with the pollshlng cloth preferably used for edge polishing the
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conditio nuf acture an edge polished wafer W|th an
over-pol1s Véﬁ%‘ﬁogﬁppﬁgs}%glée@aof 50 gm Moreover, in order to perfectly

climpnate an 04 ENGHiGh SEde FRSERHABAIEIE ! Bidig!h clofandapd one o
rreasurenﬁ]aﬁsﬁd YyafZR with yit USSR Qééc%hgly"hmﬁb bﬁtepr%E@%@gélypdrﬁontﬂ%ré&ﬂge of

from 50 200 m e varil ous rre S ‘are concel vabl e for
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apparatus and method for edge polishing with the polishing cloth preferably
used for edge polishing the above novel edge polished wafer.

According to one aspect of the present invention, there is provided an
edge polished wafer wherein an over-polish width generated by edge
polishing is controlled to 400 pm or less.

In a wafer whose chamfered portion is mirror polished, by
controlling the over-polish width to the range of the order of 0 to 400 um,
there can be attained a wafer with a high flatness level up close to the
peripheral edge thereof through further polishing of the main surface thereof.
While an over-polish width is preferably in a state of the perfect absence
(zero), in order to perfectly turn the chamfered portion into a mirror-polished
state taking into account variations in processing conditions, it is enough to
manufacture an edge polished wafer with an over-polish width of the order of

50 pm. Moreover, in order to perfectly eliminate an influence of edge

polishing under very strict conditions of an edge exclusion area (E. E) for



usi ng an apparatus conprising a rotary drumwith a poli shi?go%r%g} %gjgered
on an outer surface thereof and a wafer rotating device holding ang'

rotating a wafer, wherein the wafer-gs edge polished such that the wafer
in rotation is put into contact with the polishing cloth at a prescribed
angle thereto while supplying polishing slurry to the contact portion of
the polishing cloth, and the contact portion (a polishing fabric |ayer) of
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mmor |less. A wafer wt e€ss C

obt ai nedywalpy Wgerdff 1R wafBold é(g%é‘goﬁkl%c{‘ sEélY e R @ﬁf&rinﬁ]&gﬁéﬁ?gﬁs of 65

or higher. Wile the above waf an be obtai ned using bot i ng

cloths ofugitb"Had \Lvﬁﬁet'hesl%dli’ﬁiﬁ‘% R16WR%ada gﬂéédﬂlﬁ\ﬂeﬁngﬁ% 'tHetdih SvRiOVi ded
C t ol b I t

that a hardness of a conta portion of a I shing fabric layer with a

\tNﬁL elrooi isss%ﬁﬁga%gr@liisélﬁlhgssel?frysﬁihgi}g?onth@t pasforP bf the polRAIMy LRYEN asd ructure
the contact portion (a polishing fabric layer)-of the polishing cloth with the
wafer has an Asker C hardness of 65 or higher. With contrivance on the
polishing cloth in use, an over-polish width is reduced and thereby a wafer
having an over-polish width of 400 pm or less can be produced stably.

According to another aspect of the present invention, a polishing cloth
for edge polishing comprises a multi-layer structure of at least two layers
including a polishing fabric layer and a sponge layer having a hardness lower
than the polishing fabric layer being laminated, wherein an Asker C hardness of
the polishing fabric layer is 65 or higher and an Asker C hardness of the sponge
layer 1s 40 or lower. It is especially preferable that the polishing fabric layer
has a thickness of 1.3 mm or less and the sponge layer has a thickness of 1.0 mm
or more. In addition, another polishing cloth according to the present

invention may be of a single layer structure including only a polishing fabric

layer having an Asker C hardness of 65 or higher, in which case a thickness of the



a contact area between the wafer and the polishing cloth ifh$h§n85rbggeral
direction is small. Consequently, it is necessary to rotat’é he ma?e
slowy in 10 order to mrror-polish alt _the chanfered portion along the
peri pheral portion of the wafer, leading to a | onger processing tinme and
to poorer productivity. For this reason, an Asker C hardness of a
polishing cloth of a single layer structure is preferably 78 or less. In
case of a polishing cloth structure of at |least two |layer including a 15

pol i shi ng,f1aby;i . bejng | am nated, wherein an Asker
C hardneg% 0 I?Eefgg%ﬂ%}ﬁ‘?ﬂa%fr%??%@l iaiéé:ﬁml gr j(?gg‘or hi gher and an Asker C

har dness of the l.ayer is.40,. |. r contact area toward the
center. of the Igvg‘?a[e}?ﬁ:vé%y%% OWFWngﬁWaWé’ﬁfLGQMOF esHfagyee OBtAined wi dth
Is contr t 00 m. .or less,,while the. co ct _area between the wafer
and the 8%4( ?gﬁi“ﬁ‘g OLZLO”‘ B%W?ﬁ?@b%@ﬂgp%pﬁkea{a g@?@%‘?’ﬁsc%fnfifbér gl

t her eby f.ergbl y, enabl 1. n reduyction in time for mrror polishing all the
chanf er e%&t ﬂf?nglb‘?vet ‘ﬁ%%e\}{/g‘PBrbe ohtaad using bash pediishing elgtihmetiasirsland

t hi ckness, of the sponge | ayer, .an applicable upper limt of the polishing
fabri | rerisérﬁlci?l%"écﬁndsé Iﬁﬂwéﬂf?dﬂeifsﬁm@turﬁarmow adajleat wi hawrdnesasifen C
hardness of 81 or higher, for exanple, can be 25 used with al most no

“speci fi c $IHAELPPIIHOIHP %‘ipﬂbéh%ﬂgafabﬁ-‘ﬁefaﬁér &b mgwefestin thasbave Wddveober 2004
8 hardness, with which a mrror-finished surface is obtainable free of :
scr at cheshighgy, ioneaseiof éhe sngde dayergtoastube the pbhshing fabtic lapeeit o v
reduced over-polish width and good productivity. Note that while there is
no speci f& gontdatiarani ketwean dheuppfer dadrthe gblishinghelotinés shefpdiishgel i shi ng
fabric Igﬁr, it is 5 practically sufficient if the upper limt is an Asker

C har dnesgirefticthtasm8l. Cavisequewtly, ibhié hecddsarets otate SReGiafb sl t@t i on. on
alower limt of the hardness of the sponge layer as well, it is

? B actli0cal dxfles 6 fhizi@npolish ahiehb ohemfetddipérticn albnAgkerpdeifiANgssiol about

- of the wafer, leading to a longer processing time and to poorer productivity.

For this reason, an Asker C hgrdness of a polishing cloth of a single layer
structure is preferably 78 or less.

In case of a polishing cloth structure of at least two layer including a

15  polishing fabric layer‘_and a sponge layer being laminated, wherein an Asker

C hardness of the polishing fabric layer is 65 or higher and an Asker C

hardness of the sponge layer is 40 or lower, a contact area toward the center-

of the wafer can be limited smaller, that is an over-polish width is controlled

to 400 pm or less, while the contact area between the wafer and the polishing

- 20 cloth in the peripheral directioﬁ can be large, thereby preferably enabling

reduction in time for mirror polishing all the chamfered portion of the wafer.

Especially, by adjusting hardness and thickness of the sponge layer, an

- applicable upper limit of the polishing fabric layer is raised, so the polishing

fabric layer with an Asker C hardness of 81 or higher, for example, can be

25  used with almost no specific limitation provided that the polishing cloth has a -



Thus, if the polishing cloth of the two |ayer structure

mrror polish the chanfered portion of the wafer, there CZ%H%QQ%%%gpégd a

| onger contact |ength between the wafeg . and the polishing cloth in the
waf er peripheral direction with a suppressed over-polish w dth, thereby

I mproving polishing efficiency and increasing productivity- In this case,
with an excessively thick polishing fabric |ayer, an effect froma sponge
| ayer 15 decreases; a thickness of the polishing fabric layer is preferably

1.3 MM Or bl & Wik E‘hﬁi@ﬁ al Igliiﬂ%?"?ﬁﬁslgéd glr?amsotgl%tlﬁgﬁ?[ﬂ% zrelei tlI®pof the

f
polishing cloth is orter to thereby incréase requen ;)S’Clézftc}é‘%hangi ng

‘the polishj , t h i f erabl t he, ord 1.3
I N S R T s e M P
the thickpess. ii5.4l ess.than 1 20 it tfect of making |

of the conraurd L EREm AL sbofBroiertinhr P B v R tRercinnoBr ey « he.

periphery;.thereof. Contrary.to this, if the thickness i s excessively
| ar ge, ithfIE&btﬂql? P’&&F‘tuﬁ%erﬁﬂﬁ %g}#lﬁél%‘g}’lp%q) et BIsRIng Fpelanes. asar y

drum therefore . the thickness is preferably on the order of - 1lmmto 2nm 25
As destri B&F%%Hyé“ Fﬂénédgéh‘?)bllpp%g&m\ﬁdﬁ an fgkene bawdnesaof pbpuki@Penber -
2004 9 na&ﬂgactured ysing the apparatus with the polishing cloth having an
Asker C hilrpewes, gvhye Gierpi shap sprsafic Jimtesionn gncankiivterohmit aof lge
polishing nethod) that a polishing load is 2 kgf or nore and a tilt angle
of the wahardoesgdifise speaspdryenhpngvall, ot bs prasticallyesuffiempataf the dowéd
degrees to 55 degrees. 5 Note that the tilt angle of the wafer against the
pol i shi ngligtibihandsker Shhardngise of abpetlBet ween the normal of the polishing
cloth and the wafer and if the tilt angle is |less than 40 degrees,
non- processi ng ellsiy, yif dbeupalishing clokiunfiahy tear layer Setweess ishesahasf er ed
portion and a main surface of the wafer; while nore than 55 degrees, an
over -Idbl i shrmir gidlishsthearyemfard portion of the wafer, there can be obtained a

longer contact length between the wafer and the polishing cloth in the wafer

peripheral direction with a suppressed over-polish width, thereby improving

polishing efficiency and increasing productivity. In this case, with an

excessively thick polishing fabric layer, an effect from a sponge layer

15 decreases; a thickness of the polishing fabric layer is preferably 1.3 mm or

less. With the thickness of 0.5 mm or less, a lifetime of the polishing cloth is

shorter to thereby increase the frequency of exchanging the polishing cloths,

so the thickness is preferably on the order of 1.3 mm to 0.7 mm. A thickness

of the sponge layer is preferably 1 mm or more. If the thickness is less than 1

20 mm, it reduces an effect of making larger of the contact area between the

wafer and the polishing cloth along the periphery thereof. Contrary to this, if

the thickness is excessively large, it is difficult to adhere the polishing cloth

around the rotary drum; therefore the thickness is preferably on the order of

1mm to 2 mm.

25 As described above, the edge polished wafer can be preferably



10 non-processing further easily occurs in the outernost | I rtion
of the wafer. In order to control an over-polish width tg?§88aﬁﬁggpg%ess
using a conventional relatively soft_§plishing cloth (an Asker C hardness
of about 60), a nmethod is conceivable that the | owest possible polishing
load is applied. In 15 this condition, however, there-arise inconveniences
that a non-polished portion is left and that it takes an extrenely |ong
time for edge polishing. In order to performefficient edge polishing with

t he above .0 vi.ew of: roductd vi ty, .it. is.preferable that a

pol i shi ngml%glglg&ﬁ:é%%d R5eok en%})rpea,rpag?\%lwéhf ?‘!111? \f’b]é?}b'ln@ C&&‘ht %@V]\ﬁgf%ﬂA& & nst the
pol i shing~cl oth is i.n.the, range of from 40 20 degr.ees,to 50 degqrees.

Furt her m)?g,la dngs 6%\?;@ i Pf‘ﬁ}egn‘ﬂn HgBTYPEFTEE (f?él%gﬁﬁ)ns ﬂ%né’gﬁ?eﬁig’di‘é‘é%i ly by
adopting th | i.shing ¢l.aot h hayin n Asker C hardness _of 65 degrees or
more. Wi in&%h‘gﬁst&ééiar elistnglgad dn % Kef el aaf adilimnele of khe wifen
polishing load, it is only required that a sinking amount of a wafer into a
25 pol i shi#net brspplshingrolothels Wethmtange ohfmm &8&9@@@‘8 thB5 plelsredsi ng
cloth and 2 Novenber 2004 -10 thereafter, the polishing |load is properly
det er M nebfolvthat the fd angleanf the srafpysigeinsi idehpeliskiog dloth oreanssan
Practically, the upper limt of the polishing |oad may be on the order of
5 kgf. 5 ®rglefformee %epwemtm nphm abofithe gelisEng clath and tHe sexfeptindef

il lustration show ng an exanple of a polishing apparatus for edge

pol i shi ngthec 8¢ dingle tio lebe thaesédtddgreent howprodeesaig easilpasctufh)inshows t he
apparatus with a polishing cloth of a nultilayer structure and a part (b)
shows t hebapplaratpoetiont etavepal hehign tired hoefioa @idgl@almyerfacd @f $hé uct ure;

FIG 2 is a descriptive illustration of a main part of an edge polished
wafer; while more than 55 degrees, an over-polish width is larger and
10 non-processing further easily occurs in the outermost peripheral portion of
the wafer.
In order to control an over-i)olish width to 400 pm or less using a
conventional relatively soft polishing cloth (an Asker C hardness of about 60),
a method is conceivable that the lowest possible polishing load is applied. In
15 fhis condition, however, there arise inconveniences that a non-polished
portion is left and that it tékes an extremely long time for edge polishing. In
order to perform efficient edge polishing with the above apparatus in view.of
productivity, it is preferable that a polishing load is 2 kef or more, and a tilt
angle of the wafer against the polishing cloth is in the range of from 40
20  degrees to 50 degrees. Furthermore, the above efficient edge polishing may
bé achieved easily by adopting the polishing cloth having an Asker C
hardness of 65 degrees or more.
While no specific limitation is imposed on an upper limit of a

polishing load, it is only required that a sinking amount of a wafer into a

25  polishing cloth is confirmed depending on hardness of the polishing cloth and



wafer of the present invention; FIG3 is a perspective illugtiahi@noghow ng
a wafer in an exaggerated form 15 FIG 4 is a site map of a specinen

waf er edge polished in Exanple 3; Fl.Gg5 is a cross sectional profile of

t he speci nen wafer edge polished in anple 3; FIG. 6 is a site map of a
speci men wafer edge polished in Conparative Exanple 2; 20 FIG 7 is a
cross section of the specinen wafer edge polished in Conparative Exanple
2; FIG 8 is a graph showing results of values of site flatness neasured

at E E Ofhekedifioh el dmBkBel 1681 o ASpERIPALALINEEXAL %5 hahlydin ™ C O

is a graph show ng evaluation results In

> 10 19 SHGLORTRAY Jie (80P a8 & 1k OPraOMRITAL SBRE: @%ﬁﬁg%&fe%s ons in

graph show ng eval uation resul'ts of cont ac

Exanpl es 1§0 ik I@Q@HESJT?%B%I%M& 13{)@#%%54 to 6; FIG 11 is a graph

show ng eval uatfon resul conta ths of edge sections in Exanples
5 to 19 and Conparative Exanples 4 to 6; 5 FIG 12 is a descriptive
illustration showi ng an exanple of a prior art edge polishing apparat us,

wher ein a i a)..sho he, apparatus with a polishing cloth of a
mul ti I52ye1§9§§p§%?%}?§08\r,ﬁ\%t§e&rat%flﬁ? shows the apparatus with a polishing
cloth of a. si nglglc%ély.er tructure, and FIG 13 is a descriptive
illustration of 115 ARV Wustratign shogges apexssnplerni@ padfshing Best
Mode for Car rlyl n fOJt t he i,%enti on= Description will be given of one
embodi merfPRATAEHE I edes polipking renerding tnthmpeesenh inventierowbensinng
drawi ngs. It if ﬂeedl ess to say that =

¥ "part (a) shows the apparatus with a polishing cloth of a multilayer structure

and a part (b) shows the apparatus with a polishing cloth of a single layer

10  structure;

FIG. 2 1s a descriptive illustration of a main part of an edge polished

wafer of the present invention;
FIG.3 is a perspective illustration showing a wafer in an
exaggerated form;
15 FIG. 4 1s a site map of a specimen wafer edge polished in Example 3;
FIG. 5 is a cross sectional profile of the specimen wafer edge polished
in Example 3;
FIG. 6 is a site map of a specimen wafer edge polished in
Comparative Example 2;
20 FIG. 7 i1s a cross section of the specimen wafer edge polished in
Comparative Example 2; |
FIG. 8 is a graph showing results of values of site flatness measured
at E.E. of 1 mm in Examples 1 to 4 and Comparative Examples 1 to 3;
FIG. 9 is a graph showing evaluation results of over-polish widths in

25 Examples 5 to 19 and Comparative Examples 4 to-6;



15 exanpl es shown in the figures are presented by way of i i and
various changes and nodifications of the exanples nay be nia}c}lg%&[j%ozgpél

departing fromthe technical concept_g&_the present invention FIG 1 shows
an edge polishing apparatus 10a according to the present invention, which
is simlar to the prior art apparatus 10 shown in 20 FIG 12 in terns of
basi c construction, but is different therefromin that there are used

pol'i shing cloths (polishing pads) 17A and 17B different in structure,

especially hard 10 s f [l y | i.shin | gt;hs ol j shing
pads) 16A and ?ggs mh%r%%gg%}? S?h%?neé) Fg%\l&%loﬁlegeg‘glt[%aoft%@%‘%JSH ]g"egtri ption
on the Lt r th t h l.ishin oths. In FIG 1, fhe sane or
simlar ps?é@h%es%é{rlgﬁgén ?;Welgggrtgsltys@gd @8%@?&?(&@%%11% B similar
menbers. 2 Nove%gﬁ;r ]ég04 -12 In,JP.A 99-‘188590 defcri bed above as wel I,
there are shown an- xR BEaRl SHowing e¥aluadion msplieiicoakasigengts of a
single laygr str.uctur Fl 12(h)) an exanple of that of a

mul ti -1 a;%fgessneF{}BP%ﬁ%%%ﬁEFéttédl%srﬂg&gmw&‘@ ExgraplesA 9§ As descri bed
above, however, tFl &ft he. publ i shed patent 5 application there is disclosed
nei t h&r necessi fyCF d2 iohidestripiige alusivatiopdhosrng windexampleaof hanfier i n
processing. a main surface of a wafer to a high flatness 1|evel, nor

t eachi ngsfréedge pobsbing pppatatupcsberdinparidh) shiwe the aphat@Bsofith a si ngl e
| ayer structure for_ reaching the solution of how to control the

over - pol ikdAishing plothfofa mudtilayeb|sérucinge and shpadnids shofvstthe sipeetsus6a and
16b 10 constituting the polishing pad 16A of a nultilayer structure, and of
the di stwitbut polishiagicdothrofrasidgbskyeestmetutdiangheet s 16a and 16b. That

is, the polishing cloth 17A for edge polishing of the present invention is
clearly differeflGatl8ds brdusctipeivpdllustrabignndd b phrifofBipEiok ﬁ){@éd%e
e

structure described in the published patent application, 1n that t
pol i 48i ngpalBhetiotafet.7A is, as shown in FIG 1(a), of a nultilayer structure
constituted of at
Best Mode for Carrying Out the Invention:
Description will be given of one embodiment of the present invention
below based on the accompanying diawings. It i1s needless to say that
15 examples shown in the figures are presented by way of illustration and
various changes and modifications of the examples may he made without
departing from the technical concept of the present invention.
FIG. 1 shows an edge polishing apparatus 10a according to the
present invention, which is similar to the prior art apparatus 10 shown in
20  FIG. 12 in terms of basic construction, but is different therefrom in that there
are used polishing cloths (pblishing pads) 17A and 17B different in structure,
especially hardness, instead of the prior art polishing cloths (polishing pads)
16A and 16B. Therefore, there is not repeated the second description on the

points other than the polishing cloths. In FIG. 1, the same or similar

25 reference symbols are used to designate the same or similar members.



| east two | ayers, an outer polishing fabric |ayer 17a and ?Nobé}ﬂﬁérz?)@@”ge
| ayer 17b, and by specifying hardness of each of the layers in the
respective prescribed ranges, good-edge polishing (with an over-polish
width of 400 m or less) is enabled. 20 It . is necessary that the
polishing fabric layer 17a is made of non-woven fabric, resin-treat e_d'
non-woven fabric, synthetic resin foamor synthetic |eather, or a
conposite thereof and hardness thereof is an Asker C hardness of 65 or

hi gher and pref }- ' ori det al " fera sed are
S:Jga 400 H (pan %ﬂ?y%%?gﬁgggﬁscgg%%ﬁba %Owgn %&g@egﬂ%"#aﬁrﬁness of

78), Subac:8RRIaF ﬁﬁgﬁémﬁgﬁéﬂﬁ‘@?mﬂhééﬁd A %rs%lgggﬁéress 51'}%%?35{[@2004

13_ Nitta Conpany and ot hers. el n, ardn L supgd with
har d i$hi : nge nember, is a valu
aﬁrAQEZf ICJ:i(EO g?p%%r1 tﬂ%’gﬁnﬁggﬁ&@%\e erfﬁ{,gp%g%y% ?%“%Wﬁ Cgﬁﬁaﬁﬁt;ﬁa?ﬁ%%ts i
tester. TSl Vv iy Syaccardance wi,ith SRS 0101, | s a standar
of “the soci oty SEIORIRED ATaREERL RGN o, J %ﬁ%gaéﬁﬁsﬁeeﬁsg?bntge b
: | m I egi fi.c way but shou ve flexibility to be
att achapt s I 50 ) BB o Gese gt Bpdrolfibgn e
ker C h . qFor .exanpl e, sponge-|ike 10 silicone referred to as a
éisl ?Ez'one %ﬁ%@:&s{%gbﬂa@r&faﬁoﬁ‘ﬁ%’fqgé gp1n gerace pbagealento atlnghlfllqweﬁaé e{| al
b ferably used. Fyrthernore, the sponge layer is not limte o]

Such sporiGEsh Gk tRatEEaId 3 BFCBLNS desinnts ot nokisring dotht h6Beofrmy be
used el ast.ical ly defornmable materials whose hardness falls in a desired
range. No%lﬁgfenégy%i#rémﬂtwee Ifeveteaching the Beludioms of chowhio spatgd tlyer 15

is not specified either, it should be practically on the order of 10 in
It Zr nE of pogﬁr-pgi;gérw@thaqfcﬁqgge@rable range in hardness of the sheets 16a and 16b

10 constituting the polishing pad 16A of a multilayer structure, and of the
distribution ratio in hardness between the sheets 16a and 16b.

That is, the polishing cloth 17A for edge polishing of the ;present
invention is clearly differentiated from the polishing pad 16A of a multilayei-
structure described in the published patent application, in that the polishing

15 cloth 17A is, as shown in FIG. 1(a), of a multﬂayer structure constituted of at
least two layers, an outer polishing fabric layer 17a and an inner sponge
layer 17b, and by specifying hardness of each of the layers in the respective
prescribed ranges, good-edge polishing (with an over-polish width of 400 pm
or less) is enabled.

20 It.is necessary that the polishing fabric layer 17a is made of
non-woven fabric, resin-treated non-woven fabric, synthetic resin foam or
synthetic leather, or a co_mposite thereof and hardness thereof is én Askér C
hardness of 65 or higher and preferably 68 or higher; to be detailed,
preferably used are Suba 400 H (an Asker C hardness of 68), Suba 600 (an

25  Asker C hardness of 78), Suba 800 (an Asker C hardness of 81) made by Rodel. -



The sponge layer 17b is set lower than the polishing fabriZ:Nb?é@g 34 I n
ternms of hardness and required to be of an Asker C hardness o Oeroréﬂfower

The polishing fabric layer 17a is preferably 1.3 mmor less in thickness
and 20 the sponge layer 17b is pref érlgb'ly 1.0 mmor nore in thickness.

Mor eover, the polishing cloth 17B for edge polishing is, as shown in FIG
1(b), of a single layer structure constituted of a polishing fabric |ayer
17 alone, but is distinctly differentiated fromthe polishing pad 16B of a
single | %%Cstructure described in the above published patent application
in that b@ OFRAYX, AR OFBFGness of the polishing fabric layer in a

prescribed rang ood 2 venber 2004 -14 edge polishing treatnment (with
an over-polish %l[?ff%ﬁl’cﬁn %ggelhag@rﬁ%%%midécat%b#@esﬁ@fﬁ@@bﬁhéﬂ&cbtha
polishing fabric layer of the polishing cloth 17B for edge poli shing,

t hose si rﬁl}‘gra PRORSFe MHBRY poRi YHuggmeasured Maflean AskenC bEpe appbeed. 5 In
an edge polished wafer Wa according to the present invention, an

over - pol i kardpegs poeterc gue ddnpyofed gwring hehilneps testamt Miis del & alk®Oin i m or
less as shown in FIG 2. Wth such a structure, even when an edge

‘excl ui oragprdanceEwith) SEIE Ols uwkinbnis arstandafd of she fSwtetiysofl Raisbet he sum
of the chanfer (500 n) and the over-polish width (400 mor less) is 900 m
or | ess; In@lusher, dapae, no peripheral sag is generated so that flatness of
the wafer is not affected thereby. In order to nmanufacture an edge

pol-i shed wafer \Matertalsdisad ihdhehponpe dagant atenyeniindiedoin 4 hpesise Wiy t he
polishing apparatus 10a with the polishing clothl7A or 17B for edge

pol i shi nghwicetnndd igvedld-ibility &6 &t attbchablemb th8 roRGgalrReh ksl Hrdnsss
performed in conditions that a polishing load is 2 kgf or nore and a tilt

angl e of df0 wafless tin teRmsPOf hahAfeeCCORArdiveskS For bLREmPIANGSorYe-fikOM 40
degrees to 55 degrees. Note that the tilt angle of the wafer
10  silicone referred to as a silicone rubber sponge or simply, a silicone sponge, or
the like material may be preferably used. Furthermore, the sponge layer is
not limited to such sponge foam materials, and besides the foam materials
there may be used elastically deformable materials whose hardness falls in a
desired range. Note that while the lower _limit of hardness of the sponge layer
15 1is not specified either, it should be practically on the order of 10 in terms of an
Asker C hardness.
The sponge layer 17b is set lower than the polishing fabric layer 17a
in terms of hardness and required to be of an Asker C hardness of 40 or lower.
The polishing fabric layer 17a is preferably 1.3 mm or less in thickness and
20  the sponge layer 17b is preferably 1.0 mm or more in thickness.
Moreover, the polishing cloth 17B for edge polishing is, as shown in
FIG. l(b), of a single layer structure constituted of a polishing fabric layer 17
alone, but is distinctly differentiated from the polishing pad 16B of a single

layer structure described in the above published patent application in that by

25  specifying hardness of the polishing fabric layer in a prescribed range, good



agai nst the polishing cloth 17 nmeans an angle forned between.{&gbdo00RI of
the polishing cloth surface and the wafer. 20 By edge polishing under a
pressure of 2 kgf or more in ternms of ya . polishing |oad, a stock renoval
can be increased, with the result that edge polishing can be stably
perfornmed even in a short time wthout |eaving any unpolished portion.
While no specific limtation is inposed on an upper limt of the polishing
load, it is sufficient practically if a value of the order of 5 kgf 25 is

set to thedappslishin® treafMELD NG &1t LEnangl e R g_range
of 2 Novenbgearf)pzé&dgwmfa rom 48&%?&@%@%@%‘8@%&% 4365%&%&;6&582&% on and

3§ 22 D eitaled SR h ARl offs RANKIRE B0 e A ARNERTLYDOLI hAG £ 0, e

effectively edge polis t he wor nd t he

producti vij 0! I the tilt.angle.i.s.less than 40 degrees,
non- pr ocesséllenggl?lss e ’sgﬁ (%Sga%%gluarr tlfonthae %’%"&RP&%??@D%S?‘?% aydt ?\Z"\‘eﬁnﬁ% ¢chanf er
and a nai yiface, while on the other hand, if exceeding 55 degrees, an
over-polisnm wdth increases and further non-processing is easy to occur in

t he ow ernost petipheral tion of he .er. FJ]G 3 is a perspective
il usth% ation shgrvr\l/i ;grbegg%?ﬁghe\ﬂ?wﬂ%ﬁn al”f?"&@éﬂ%é?é’ 2 ATEHH LnXRBERNAR

ref erence nur_rerlal 34(1%] i cat es, a pgrtigﬁ inthe vicinity of the main
surface of VEHE Mgl &F PRy ¥ Bl ralishiggiip gonastled oAl 1m orless ence

nuneral 36 i,ndi cat pQrtion in the vicinity of the outernost periphery
t her eof r&f R9%R 1L ﬁ&"z 2a%€?§cﬁﬂﬁé fetfyaciawe: ¢ whepamegdaecexchusionalrea 34a

i ndi cat es(]f7 P@?ﬁt act length between the sloping section 34 and the 15

pol i shi ng“¢l I ipeagiremnandiaxy & yeafen grelage isdanimdheatues of thervhactfer engt h

bet ween the |eadi ng _edge section 36 and the polishing cloth 17. The | onger

the cont a®00 eyt #ed 3hg avrr Bdishamadth {408 hont er less 180908 himgot ilems;

beconmes; it i s expected to inprove a polishing efficiency to that extent
10 therefore, no peripheral sag is generated so that flatness of the wafer is not

affected thereby.

In order to manufacture an edge p‘o]ished wafer Wa according to the
present invention by the use of the polishing apparatus 10a with the
polishing cloth17A or 17B for edge polishing according to the present

15 1invention, edge polishing is performed in conditions that a polishing load is 2
kgf or more and a tilt angle of the wafer to the polishing cloth 17 is in the
range of from 40 degrees to 55 degrees. Note that the tilt angle of the wafer
against the polishing cloth 17 means an angle formed between the normal of
the polishing cloth surface and the wafer.

20 By edge polishing under a pressure of 2 kgf or more in terms of a
polishing_loe_xd, a stock removal can Be increased, With the result that edge
polishing_ can be stably performed even in a shoft time without leaving any
unpolished portion. While no specific limitation is imposed on an upper limit
of the polishing load, it is sufficient practically if a value of the order of 5 kgf

25  1s set to the upper limit. Furthermore, by setting a tilt angle in the range of



Whi |l e description will be given of the present invention Lfﬁgvgﬂﬁgzoég
det ai l ed manner taking up exanples, I's needless to say t e exanpl es
are presented by way of |IIustrat|on ind shoul d not be construed by way of
limtation. (Exanples 1 to 4 and Conp Pative Exanples | to 3) As specinen
wafers, there were used wafers obtained by chanfering 25 peripheral
sections of wafers with a dianeter of 200 mm and a crystal axis 2 Novenber
2004 -16 orientation of <100> followed by etching. A chanfer of each

ecinmen wafer. s su t d to ed e O|IShIng i ng f 7 kinds of
ool sh nngfB i0,8eSrindbh Srapte 5 Sonltischigndt Sadiges BRAIEnAE shown
FIG 1, ectively. Table 1 5 Processing conditions Polishin oad2.
LSf Drum#®8 aﬁ%%a?;‘p@éa@é@n@%#mpkm%% %ﬁ%a %Y%@@dgsm%hpéﬁpﬁgati me150

sec. (tine required for one rotation of a wafer) Conparative Sin Exanple
| Suba- Li t'&9 wogkingiémeapay hegiwgaced pndsbsprodocExidpphay defvrietsed. If

the tilt angle is less than 40 degrees, non-processing is easy to occur in a
5 bo.undary portion between the chamfer and a main surface, while on the
other hand, 1f exceeding 55 degrees, an over-polish width increases and
further non-processing is easy to occur in the outermost peripheral section of
the wafer.
FIG.3 is a perspective illustration showing a wafer W in an
10  exaggerated form, wherein a reference numeral 34 indicates a portion in the
| vicinity of the main surface of the wafer W referred to as a sloping section and
a reference numeral 36 indicates a portion in the vicinity of the outermost
periphery thereof referred to as a leading edge section. A refereﬁce numeral
34a indicates a contact lvlength between the sloping section 34 and the
15 polishing cloth 17 and a reference numeral 36a indicates a contact length
between the leading edge section 36 and the polishing cloth 17. The longer
tﬁe contact le;ngths 34a and 36a are, the shorter the polishing time becomes;
it is expected to improve a polishing efficiency to that extent.
While description will be given of the present invention in a more
20  detailed mar.mer‘taking up examples, it is needless to say that the examples
are presented by way of illustration and should not be construed by way of
Limitation.
(Examples 1 to 4 and Comparative Examples 1 to 3)
As specimen wafers, there were used wafers obtained by chamfering

25  peripheral sections of wafers with a diameter of 200 mm and a crystal axis



| Exanple 4Suba 600 th ng ¢ o Exanple 1Suba 400H + Sponge; figobigher 2004
Mil tilayer Exanpl e 2Suba 600 + Sponge nenber clothExanpl e 3Suba 800 + Sponge
nmenber Conparative Exanple 3Suba 400-+4gSponge nenber Hardness and thickness
of polishing cloths and sponge nenbers (silicone sponge) shown in Table 1
are as follows: Suba-Lite (nmade by Rodel N tta Conpany): an Asker C _
hardness of 53 and a 10 thickness of 1.27 mm Suba 400 (made by Rodel N tta
Conpany): an Asker C hardness of 61 and a thickness of 1.27 nm Suba 400 H

made by dRdeetatidint dfa< 100D &ll0we BBy A8KAhe C A8k 4885 SofYacA& RN plekness
E)f 1. 27ynm 15 Suba 600 (nade by R%del Nltta Conpany .ac p%sﬂ% a}ahardness

of 78 andsauBjdveyEiPedgedRMhidd ubii e tﬁﬂﬁs < f;nd% 0%§0§H}1§1Lé[bﬁ L m‘%ﬁl ?y27 mm

Rodel Nitta Conpany): an Asker C harfﬂ 33 f];]\lg‘d( ¢ ne;srrm o2
Sponge Nendidle1 aaAsHgs &@ﬁ&% q a ness D
Tgblg 2 there 1ar ealgﬁogmpover C’}ﬁf@aﬁ h (g?' t%}e Speci rﬁ%FheCtWeY

Table 1
5 Processing conditions
Polishing load 2.5 kegf
Drum rotation 800 rpm
speed
Tilt angle of 45°
a stage
Polishing time 150 sec. (time required for one rotation of a wafer)
Comparative Suba-Lite
) Example 1
Single C "
layer cloth | ~ormparative Suba 400
Example 2 _
1. Example 4 _ Suba 600
TP lot
olishing cloth Example 1 | Suba 400H + Sponge member
Multilayer Example 2 Suba 600 + Sponge member
cloth Example 3 Suba 800 + Sponge member
Comparative
Example 3 Suba 400 + Sponge member

Hardness and thickness of polishing cloths and sponge members
(silicone sponge) shown in Table 1 are as follows:
Suba-Lite (made by Rodel Nitta Company): an Asker C hardness of 53 and a
10 thickness of 1.27 mm
| Suba 400 (made by Rodel Nitta Company): an Asker C hardness of 61 and a
thickness of 1.27 mm
Suba 400 H (made by Rodel Nitta Company): an Asker C hardness of 68 and a

thickness of 1.27 mm

15  Suba 600 (made by Rodel Nitta Company): an Asker C hardness of 78 and a



waf ers subjected to edge polishing with polishing cloths. ZTNSW‘HI%QP@JU sh
w dt h was obt ai ned by perform ng observation on a nmagnified I mage of an

out ernost peripheral section (a chanfer) of each of the specinen wafers
with a video microscope to evaluate 47\ dth (length) of a mrror polished
portion 10 on a main surface thereof, using a boundary between the chanfer
and the outernost periphery of the main surface as reference. Table 2

Ki nds of polishing clothsOver-polish wi dths Conparative Suba-Lite600 Ftm
50 [tm E%E{@ e 1 rati ve Suba 400500 m 50 tm Exanple 2 Conparative
Suba- 400 613%8 00 m 50 m Exanple 3 Exanple 1Suba 400H + Sponge
menber 40 anpl a 600 + Spaqnge nenber 200 m 20 m Exanpl e
3Suba 80%@%%@%@%5%%e§%£§ﬁ%69% e Askes{6borduess of A1 andre
results of .edge pglishing show the fact that even if the sanme 15 condition
is applié ﬁsﬁglléﬁe@@of the polishing cloth is low, the over polish
wdth is wvaried easily. In case of an Asker C hardness of 65 or |ower, the
vari at i orPhomReeBemper-apRiskar (i kiatiness obA5 tame otlickneds oSD0mor nore.  On
-‘the ot her hand, in case of an Asker C hardness of 65 or higher, it was 2
NovenBer 2004 118 Table 2 there are shown over-polish widths of the specimen

wafers subjected to edge polishing with polishing cloths. The over-polish -
width was obtained by performing observation on a magnified image of an
outermost peripheral section (a chamfer) of each of the specimen wafers with
a video microscope to evaluate a width (length) of a mirror polished portion
10 on a main surface thereof, using a boundary between the chamfer and the

outermost periphery of the main surface as reference.

Table 2 .
Kinds of polishing cloths Over-polish widths
Comparative )
Example 1 Suba-Lite 600 pm + 50 um
Comparative
Example 2 Suba 400 600 pm + 50 um
Comparative
Example 3 ‘Suba 400 + Sponge member 500 pm = 50 um
Example 1 | Suba 400H + Sponge member | 400 pym + 20 um
Example 2 | Suba 600 + Sponge member 200 pm + 20 ym
Example 3 Suba 800 + Sponge member 100 pm + 20 um
Example 4 Suba600 | 150 pm + 20 um

The results of edge polishing show the fact that even if the same

| 15  condition is applied when hardness of the polishing cloth is low, the over
- polish width is varied easily. In case of an Asker C hardness of 65 or lower,

the variation of the over-polish width was on the order of + 50 um or more.

. On the other hand, in case of an Asker C hardness of 65 or higher, it was



possible to restrain the variation of the over-polish w dthngehtig Jogyel of
the order of 20 gm Then, the edge polished specimen wafers were each
subj ected to wusual polishing on a maiyg surface thereof using a si ngl__e

waf er polishing 5 machine with a polishing cloth of a non-woven fabric
type and a polishing agent containing colloidal silica, a stock renmoval
thereof being 10 gm A cross section and site flatness (SFQR a cell size
of 256 x 25 mMmat an E.E. of 1 mm) of the wafer were nmeasured with an

opLl oAl nsne!Btleshidh 1S ARAR bl'the GRA-6RIH idlied LN CR, ! ©

Front | east-sQuare Range) 1s a value 1ndicati : ran of the
unevennes d%g%@qu%o average surface of a front side reference that was
cal cul ate?ci%r at eac gﬁ'e (cell) with reference to flatness. In FIGs. 4 and

5 there are sho si;t e cross section in 15 terns.of flatness
in Exanple 3 (S\S@’é&éo’(ﬁ%e@%%r?%ggh’g%sé)reﬂm?%svﬁ%%ﬁ’ Ve each isggﬁﬁff)a‘; f;ﬂt from
. : _ o0 . . e

ogor 1 n caane OSsHing GRS pOHR: e dBSEREwt NI SIHRLFI etes polishinEno

[ I wa erfectl. rated. The good site herein neans a site
\aﬁglrggglrzgﬁa]%g .Téﬂgﬁh Be q%ééggc?% ?{Jf‘t%}'ﬁ’ﬂﬁ’g{l Talrig| tgpe andyadprtighisge are
h | t nd a ¢r.qss section in terns of flatness in Conparative
SExg\rlrmpl 2 Zellg%{p@%%@pgggﬁq@afg ar e AtockremorpEthereofbeing kasmi A Omspar at i ve
Exanple 2 were 21/52 = 40% , a good site yield being 60% In Conparative
Exanpl e 25ectto sibp flatness (SﬂfR'sme% sigelaf 25r< RBannyat ahdl.Eaopémpheral
sag was geperated. 25 In FIG 8 there are shown results of site fl_at ness in
Exanpl es @f the walenpoesrBaaspoed witly aanep tGedpmnatintecElatmpd sssmeaterilg

measured at an EEE. of 1 nm In FIG 8,
device.

10 The term SFQR (Site Front least-sQuare Range) is a value
indicating the biggest range of the unevenness against an avefage surface of
a front side reference that was calculated at each site (cell) with reference to
flatness.

In FIGs. 4 and b there are shown a site map and a cross section in

15 terms offlatness in Example 3 (Suba 800 + Sponge member), respectively. As
1s apparent from FIG. 4, bad sites in Example 3 were 1/52 = 2%, a good site
yield being 98%. In Example 3, it was confirmed, as shown well in FIG. 5,
that no peripheral sag was perfectly generated. The good site herein means a
site where SFQR is 0.18 pm or less.

20 Furthermore, in FIGs. 6 and 7 there are shown a site map and a
cross section in terms of flatness in Comparative Example 2 (Suba 400). Asis
apparent from FIG. 6, bad sites in Comparative Example 2 were 21/52 = 40%,
a good site yield being 60%. In Comparative Example 2, it was confirmed, as
shown well in FIG. 7, that a peripheral sag was generated.

25 In FIG. 8 there are shown results of site flatness in Examples 1 to 4



an over-polish width is assigned to the abscissa and a go ' [
relative to a standard of flatness SFQR : _Si 0.18 gmis gisjglg{ééﬁlgoﬁ?gbéfhe

ordinate. It was confirnmed that at anqEe E. of 1 mmwith a standard of
flatness SFOR < 0.18 5 gm a good site“yield of site flatness was about 60%
at an over-polish width of 500 gmor nore, for exanple, a good site yield
of site flatness was 62% at an over-polish width of 600 gm and a good

site. yield of site flatness was about 60% at an over-polish width of 500

gm  whi |-eg M toh s S0 eOkek | ] 150 fm 400.gmor lte good
site yi el%l was n??rrpr oveegkt %ﬂg%%’;f%ﬁ@%oé%ﬁsﬁxg%ﬁé?ﬂ%ﬂ: %E%fu\%l E%?SIE? %’ al nost
all 0.18 . : e, of; a.wafer; therefore, . jt . is ‘
essenti al &?‘8({}'&; %%%agigsdg%sﬁgééé}%éfh& PRECisS A 2 898 Spigariald widhyen for
I ncreasin ol sit ield | ¢h.can be achieved by controlling an over
polish wi t%s gafr%cp%gs()fg]c%f‘?%ngg%&to@g ”@Hé‘?‘l@?ﬂ%nﬁ‘?gﬂg\{%f’rﬁﬁﬁﬁ-sm W@scl ot hs
~used in ed ol j shi,ng, an, aver-polish w dth s, aple to be 15 controll ed
to 400 gr’r?gg&r%?fs , %‘%cﬁni%%%aogéllﬂ@ &’ﬁ@h?l%aF‘ig@@gﬂﬁ’%ﬂﬁﬁﬁﬁﬁgré Bthi eved
by the use of thﬁ E)ol .S Tnfg ,clﬁt h Suba 400 (Ooryarat i ve Exanple ZQ that is
mai nl y us®d PEPRSHEUPREhet Sitetiatness was ahopd60% at gaayeravbish vaidthofE. E. - of
1 mm a pﬁgé)pheral sag_was observed_ in the wafer peripheral section in
case of arPQ¥E opBIrehiayexemple, 8@Dod Bitegheldmiants Aatness wanB2¥ @tamn E. E.
of 2 Mm a good.site t?goel d sometines decreased when an over-polish width
was on t hevesiRpdishowidthoph 600 Lo aedm gned sithideldsofcsits fidéness wes aboat a
pol i shi ng a9ent easily intrudes into an over polished portion which is
excessi vef9%pul a8 ovdr-palish widkshrafsi0t poharhildevibiisncorsoled evef-pblish waf er
is affected up to a portion in the vicinity of 2 nmfromthe 25 periphery
t her eof , WidthofgH)( jmnsori lesglepgoutbsite gieldmwapeimtoved t6 @0% bi- atbrbor 2
Novenber 2004 -20 polishing the main surface. In case of an over-polish
wi dt HOof 150 m Thedviey8FQR halwabaire atmioetiall eTgl uwasr Tk @P6&Y ¥ 6drface
of a wafer; therefore, it is essential to improve a good site yield in a wafer
peripheral section for increasing a good site yieid, which can be achieved by
controﬂing an over polish width. It was confirmed that by changing kinds of
polishing cloths used in edge polishing, an over-polish width was able to be
15  controlled to 400 pm or less, which is a value greatly lowered from 500 pm
achieved by the use of the polishing cloth Suba 400 (Comparative Example 2)

that is mainly used in the current practice.
Moreover, in measurement at an E.E. of 1 mm, a peripheral sag was
observed in the wafer peripheral section in case of an over-polish width of 500
20  pm. Even in measurement at an E. E. of 2 mm, a good site yield sometimes
decreased when an over-polish width was on the order of from 500 to 600 pm.
This is considered because a polishing agent easily intrudes into an over
polished portion which is excessively polished, with the result that the main
surface of the wafer is affected up to a portion in the vicinity of 2 mm from the

25 periphery thereof, although this is dependent on an operating condition for



(Examples 5 to 19 and Conparative Exanples 4 to 6) As spec) N@lebdres4
there were used wafers obtained by chanfering 5 peripheral sections of
wafers with a dianeter of 200 nmand vwggh a crystal axis orientation of
<100>, followed by etching. Processing conditions for edge polishing were
as follows= six kinds of polishing cloths shown in Table 3 were used,
three levels of polishing | oads were adopted, 2 kgf (Exanples 5, 8, 11, 14
and 17, and Conparative Exanple 10 4), 2.5 kgf (Exanples 6, 9, 12, 15 and
18, and Cpnjiahatg Yiee Exaipkarfape. aldl cdse kiff a BRIRIEZH 'wi 10%?1’5_01ﬁn?nd 19,
and Conparative Exanple 6), and edge polishing was performed wt _ai edge
pol i shi ng happetatths Adve MYeH trandl éas ot oB@E33 Processing conditions

Pol i shing loads2 kgf, 2.5 kgf , 3 kgf Drumrotation speed800 rpm T Tilt angle

of a staged@xankisles Shon® shdenmphakivas. Aabiahed, §pr 10 sec. at a fixed
position wt hg% rotation Single | alyerCorrp ra?ileveé)guba 400 (1.27mm

Ex I 4 6 tg . 7. nmpl esSuba 600
BT £ |0 LS EPPAEENRO G ok AR SRR

5  peripheral sections of wafers with a diameter of 200 mm and with a crystal
axis orientation of <100>, followed by etching.

Processing conditions for edge polishing were as follows: six kinds of

polishing cloths shown in Table 3 were used, three levels of polishing loads

were adopted, 2 kgf (Examples 5, 8, 11, 14 and 17, and Comparative Example

10 4), 2.5 kef (Examples 6, 9, 12, 15 and 18, and Comparative Example 5), and 8

kegf (Examples 7, 10, 13, 16 and 19, and Comparative Example 6), and edge

polishing was performed with a edge polishing apparatus as shown in FIG. 1.

Table 3
Processing conditions
Polishing loads 2 kgf, 2.5 kgf , 3 kef
Drum rotation
speed 800 rpm
Tilt angle of 450
a stage
Polishing time A wafer was polish‘ed for 10 sec. at a fixed position
without rotation
Comparative ' )
Single layer | Examples 4 to 6 Suba 400 (1.27
cloth Examples
5 to 7 Suba 600 (1.27mm)
Examples Suba 600 (0.7mm)
s 8 to 10 + Sponge member (2mm)
Polishing cloth
B8 Examples Suba 600 (1.27mm)
Multilayer 11to 13 + Sponge member (Zmm)
cloth - Examples Suba 600 (0.7mm)
14 to 16 + Sponge member (1mm)
Examples Suba 800 (0.7mm)
17 to 19 + Sponge member (2mm)




cloth g Exanpl esSuba 600 (1.27mm) Muiltilayerllto 13+ Spon gp@rzb A1)
cl ot hExanpl esSuba 600 (0. 7nm 14 to 16+ Sponge nenber (1N%NE§arrp es%uba

800 (0.7mm 17 to 19+ Sponge nenber (%Tn) 2 November 2004 -21 Val ues of

har dness of polishing cloths and spongé nenbers (silicone sponge) used in
Table 3 were the sane as those described above. Measurenent was perforned
on an over-polish width of each of the edge polished speci men wafers, and
contact |engths of the sloping section and the 5 edge section shown in FIG

2 SRS Wl BB ARt on USRS |

apparent fromFIG 9, in edge polis I'ng Bt ( Suba

f ' t - ish w hs of, speci,ne waf ers
wor 2 200 TFOSRE) ot o SHIBIEL ¥ Sro @ Bhe PRALED o Hhige mﬂ%ﬁ?glg’_eﬂg_ag’&vﬁsri g
i1 hi f hard di.ti r.a polishin clo o]
cloth fal al, hin.a.range .0 rdness condi onst'fl?o Mﬁk&%‘#

the present | nls}aé% HoN 25 FEOREPE P O ER Rame s %’é‘% g}l%_éeh_ I thge w?s
ble to hescentrolled to 400 maor less with a of .polishing cloths of a
it gye‘%"%@r‘*ﬁc‘“’?&?’é“‘%%%’ LT ctoﬁl%ﬁ@)leHﬁg‘sagélsqr?ﬁgﬁl%?qngy?hﬁt@ﬂr?& thele_ y

Ex | es to 7). reove i s copfirnmed that even when the polishing
(15 ?o d vﬁf@eﬁ?ﬁﬂ)ﬁﬁﬁlﬁgﬁ’d‘ anmtéritﬁrﬁ?%ﬂépf@ ¢h prg shown inHEGse? tehilng cl oth
was changed, .using any of the polishing cloths according to the present

i nventi orFeSPEEIYRIEr - pol i sh width can be controlled to 400 mor |ess.

Furthernore, as shown in FIGs. 10 and 11, in the polishing cloths of
As is apparent from FIG. 9, in edge polishing with a soft polishing

cloth (Suba 400) of a single layer structure, over-polish widths of specimen
wafers were 500 um or more for any of polishing loads, while when a
10  polishing cloth falls within a range of hardness conditions for a polishing
cloth of the present invention, an over-polish width of each specimen wafer
was able to be controlled to 400 pm or less with any of polishing cloths of a
multilayer structure (Examples 8 to 19) and a single layer structure
(Examples 5 to 7). Moreover, it was confirmed that even when the polishing
15  load was changed and when thickness of each layer of the polishing cloth was
changed, using any of the polishing cloths according to the present invention

the over-polish width can be controlled to 400 yum or less.
Furthermore, as shown in FIGs. 10 and 11, in the polishing cloths of
a multilayer structure according to the present invention (Examples 8 to 19),
20  the contact lengths of the sloping section and the edge section are both longer
than those in the polishing cloths of a single structure (Examples 5 to 7 and
: Comparative Examples 4 to 6); when a rotational frequency of the polishing
cloth (the rotary drum) and a rotation speed of the wafer are both constant,
the polishing rate are increased. Therefore, it can be seen that a time

25  required for edge polishing is reduced to that extent so that the polishing



a multilayer structure according to the present invention 4 {xagRhe084t 0
19), 20 the contact |engths of the sloping section and the edge section
are both [onger than those in the polpghing cloths of a single structure
(Exanples 5 to 7 and Conparative Exanples 4 to 6); when a rotationa
frequency of the polishing cloth (the rotary drum) and a rotation speed of
the wafer are both constant, the polishing rate are increased. Therefore,
it can be seen that a time 25 required for edge polishing is reduced to

that ext effficis@cy iphdéetapebhghiiRgrdvipvenber 2004 -22 efficiency is
advant ageously 1 nproved. On the other hand, in the polishing cloths of a

singl e structur @n grEAfiHbthdit 1AL tRE SRHhil & EALLOL (RSATR G Rel0 7). the
n an gg Y6t h

contact |lengths of the sloping secti he edge sectironare
A e R T T A T R
that an ooyt seRii% ad® chd e KBl A3 S PR rcthan ke TN (he
Bbove e HRgERiAe okl PR mBiares 8ne3Fe TR RRISTE CodNT 3 HRTRSTER ki ng up
i ar v ot ERYSHBRer Thar v Gatnials euarn arernt. anerase sher

Chant or od® TArFeREP ARGAL A GEIOLRP RGOS ihebealeg i dDOpveitdmg part i cl e

generation fro he chanfer (for inproving surface roughness of the 15

chanfer). CapabMofeythat thpl sresentomventiomust mpt Jmittskdoi tkel abowe, an
edge polished wafer of the present invention is capable of suppression of
a waf er pFarbesiereat. s hdpdnathe cbevenExamilemodesceiptidmtinaseen B thee use of
a polishing cloth for edge polishing of the present o
10 present invention taking up silicon wafers as examples, the present invention
can be applied in a similar way to any other wafers such as a quartz wafer
and a ceramic substrate wherein high flatness is required, the peripheral

section is chamfered, and further edge polishing is necessary for preventing

particle generation from the chamfer (for improving surface roughness of the

15 chamfer).

Capability of Exploitation in Industry:
As described above, an edge polished wafer of the present invention
is clapable of suppression of a wafer peripheral sag and achievement of good
20 flatness. By the use of a polishing cloth for edge polishing of the present
invéntion, there can be efficiently manufactured an edge polished wafer
having an over-polish width controlled to 400 pm or less. Furthermore, with
an apparatus for edge polishing provided with a polishing cloth for edge
polishing of the present invention and a method for edge polishing using the

25  apparatus, an edge polished wafer of the present invention can be efficiently



invention, there can be efficiently manufactured an edge EPN ﬁ
havi ng an over-polish width controlled to 400 mor |ess. t ernDre mnth
an apparatus for edge polishing provtggd with a polishing cloth for edge
polishing of the present invention and a nethod for edge polishing using
the 25 apparatus, an edge polished wafer of the present invention can be
efficiently 2 Novenber 2004 23 nmanufactured. 2 Novenber 2004 -24 CLAIMS
1. An edge polished wafer, wherein an over-polish wi dth generated by edge
pO|IShIngmh§uﬁ9Rb£&i|ed to 400 mor less. 5 2. The edge polished wafer
according to claim1l, wherein the edge polished wafer is a sem conductor
silicon single crystal wafer. 3. A polishing cloth for edge polishing
conprising a nmulti-layer structure of at least two layers including a
polishing fabric |ayer and a sponge |ayer having a hardness | ower than the
polishing fabric |ayer being 10 | am nated, wherein an Asker C hardness of
the polishing fabric layer is 65 or higher and an Asker C hardness of the
sponge layer is 40 or lower 4. The polishing cloth for edge polishing
according to claim3, wherein the polishing fabric layer has a thickness
of 1.3 nmor less and the sponge |ayer has a thickness of 1.0 nmor nore.
15 5. An apparatus for edge polishing conprising a rotary drumwith a
polishing cloth adhered on an outer surface thereof and a wafer rotating
device holding and rotating a wafer, wherein the wafer i.s edge polished
such that the wafer in rotation is put into contact with the polishing
cloth at a prescribed angle thereto while supplying polishing slurry to the.
cont act



20 portion of the polishing cloth, the polishing cloth in usgvhighdrobhne
polishing cloth for edge polishing according to claim3 or 4. 6. An
apparatus for edge polishing conprisL@Q_a rotary drumwith a polishing
cloth adhered on an outer surface thereof and a wafer rotating device

hol ding and rotating a wafer, wherein the wafer is edge polished such 25
that the wafer in rotation is put into contact with the polishing cloth at
a 2 Novenber 2004 25 prescribed angle thereto while supplying polishing
slurry to the contact portion of t@féﬁg&'shing cloth, the polishing cloth
being of a single |layer structure rncluding only a polishing fabric |ayer -
havi ng an Asker C hardness of 65 or higher. 5 7. An apparatus for edge
polishing according to claim®6, wherein a thickness of the polishing

fabric layer is J.3,mmoyf. ] ess. 8. method for e 0l.i shi ng, rein a
chanf er edi/'por ti G%n %fig% p\?/é?%?é “fasfg%d’@éerﬁb]il ia'%’h%‘é?r\}ﬁﬂq%g‘ ‘g r&it ﬂbevggﬁy
over-polish width.to.400 ~L r less. 9. A nethod for edge polishing
accordirmf#g?Qéhﬁ 5}5ﬁﬂ@?@ﬂ%gﬁﬁéﬁaiﬁneﬁéﬁ¥%r portion is edge polished such
t hat polishing,load is 2. kgf or_nore, a tilt_angle of the wafer against
t he p%i i s#ri ng clotthergeiRp %E‘gdrﬁﬁ&%r BFCOF'aHFﬁ 40 clydyrlec¥berrigstheegdses using
an apparatuys . accorgding to any one of clains 5 to 7. 2 Novenber 2004 26
ABSTRACT Bhibifiedetiatords & seanispndacter stiqosrengieamastal waler.ch a waf er
peripheral sag is suppressed, a polishing cloth, a polishing apparatus and
a 5 polishing netheelishipgpelothsimgdepepokising Thmpntdieg #soprbviaged by
controlling an over-polish width in edge polishing to 400 mor |less. Also,
t he structure of at least two layers including a polishing fabric layer and a sponge
layer having a hardness lower than the polishing fabric layer being
10  laminated, wherein an Asker C hardness of the polishing fabric layer is 65 or
higher and an Asker C hardness of the sponge layer is 40 or lower.
4. The polishing cloth for edge polishing according to claim 3, wherein
the polishing fabric layer has a thickness of 1.3 mm or less and the sponge
layer has a thickness of 1.0 mm or more.
15 5. An apparatus for edge polishing comprising a rotary drum with a
polishing cloth adhered on an outer surface thereof and a wafer rotating
device holding and rotating a wafer, wherein the wafer is edge polished such
that the wafer in rotation is put into contact with the polishing cloth at a
prescribed angle thereto while supplying polishing slurry to the contact
20  portion of the polishing cloth, the polishing cloth in use being the polishing
cloth for edge polishing according to claim 3 or 4.
6. An apparatus for edge polishing comprising a rotary drum with a
polishing cloth adhered on an outer surface thereof and a wafer rotating

device holding and rotating a wafer, wherein the wafer is edge polished such

25  that the wafer in rotation is put into contact with the polishing cloth at a



olishing cloth has a nulti-layer structure of at |east tV@Nb@éﬁﬁEézooz&
Pncl udi ng a polishing fabric |ayer an Asker C hardness of which Is 65 or
hi gher and a sponge |ayer an Asker Cardness of which is 40 or |ower, or
a single layer 10 structure of the polishing fabric layer. Further, the
polishing apparatus and the polishing method are provided by edge
polishing such that the wafer in rotation is put into contact with a
rotary drum having the polishing cloth adhered thereon at a prescribed

ang o pgﬁﬁéﬁr%@t AnSHPRRYIRY PRI Sipddyind BEGdhib® LRGF AN R BREAdON ©f
portion of the polishing cloth, the polishing cloth being of a single layer
structure including only a polishing fabric layer having an Asker C hardness
of 65 or higher.
5 1. An apparatus for edge polishing according to claim 6, wherein a
thickness of the poh’shihg fabric layer is 1.3 mm or less.
8. A method fof edge polishing, wherein a chamfered portion of a wafer
is edge polished while controlling an over-polish width to 400 pm or less.
9. A method for edge polishing according to claim 8, wherein the
- 10 chamfer portion is edge polished such that a polishing load is 2 kgf or more, a
tilt angle of the wafer. against the polishing cloth is in the range of from 40 |

degrees to 55 degrees using an apparatus according to any one of claims 5 to

7.





