28/ 03/ 2006 -1- DESCRI PTI ON METHOD FOR POLI SHI NG WAFER AND PCLI SHI NG PAD FOR
POLI SHI NG WAFER Techni cal Field: The present invention rel ates t28/40B¢¥2006
for polishing a wafer and a polishing,pad for polishing a wafer preferably
used in the nmethod for polishing a wafer. 10 Background Art:

Conventionally, a nethod for manufacturing a silicon wafer used as a

sem conduct or substrate generally includes a crystal growi ng process for
:producing a single crystal ingot by a Czochral ski (CZ) method, a Floating
15 Zone nelting (FZ) nethod or tIB‘ESb}Iﬁ?T 6'1\9 a waf er manufacturing process
where this single crystal ingot is's |ce<% and at | east one main surface
thereof 1is processed into a mrror-like surface. To describe the process

nore detailedly, the wafer manufacturing process conprises: a slicing step
of slicing the singl | | i,a.and di sk-shaped

waf er; a 20 chanferi n@@%pﬁbcﬁ%ﬁmﬁéwmm edge portion of the
waf er obtained thro licing step to prevent cracking and chipping
of the wafer; a Iap%gﬂééﬁ@?ﬁg%ﬁggp@%@WQM@R an etching step

t hat renoves nmachi ning deformation remaining behind in the so chanfered

and If'hpped waf er; a polishing step of making a mrror surface of the
wafer; and a 25 cleaning step of cleaning the polished wafer to renove

abr asi veTethniegd Bieldfust 28/ 03/ 2006

The present invention relates to a method for polishing a wafer and

a polishing pad for polishing a wafer preferably used in the method for
polishing a wafer.
10
. .Background Art:
Conventionally, a method for manufacturing a silicon wafer used as
a semiconductor substrate generally includes a crystal growing process for
;producing a single crystal ingot by a Czochralski (CZ) method, a Floating
15 Zone melting (FZ) method or the like, and a wafer manufacturing process
where this single crystal ingot is sliced and at leést one main surface thereof
-1s 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 peripherai 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 remaim’ﬁg 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 eleaning the polished wafer to remove abrasive slurry or dust



2 particles deposited thereon. The main steps of the wafer manufacturing
process are only listed above, and sonetines other steps such a28/ 0242006
treating step may be added, the above one step may be performed at nultiple
stages and the step sequence may be clangeable. 5 The polishing step, anong
t he above steps, includes various fornms of polishing nethods. For exanple,
a mrror-polishing nethod for a silicon wafer conprises various nethods
such as a both side polishing nethod to polish both surfaces of a wafer
sinmultaneous|y as in_the | apping step, a single wafer polishing nethod to
pol i sh a Rarfigles depasitedatharasnenhBhednam atqpsatfotlic) wafer myawnfactating a
wax-free polishing nethod to polish a wafer held by a backing pad and a

t enpl at e BAPE¢ssURTEU ORlIy Liathte abees, st sametines Athqir eigpatsuck Bere Hest mai nly
used a polishing nmethod using a wax nount batch type one side polishing

appar at ugreatigpbliephmey besddbdoiir: alfovel onealtepalsr 5o pelifered abhouliplP! at e
made of such as glass or ceramcs with wax. In this polishing 15 apparat us,

the pl at etageswidthd stepwaliassceanayhl chaneRbRced on a turn tabl e on  which
a polishing pad is adhered and with a | oad being applied to an upper top

ring $he wafer The p@li'sﬁilii@dstwidrﬁoﬁ%ﬂi’é hp&y hét@pé,% el kzgrﬁbﬁg fﬁfe}ﬁs %gf’. ring.

Cenerally, there are enpl oyed as the polishing pads used int I shi ng

met hods  pelisisicneeBR6Es. T8 Sfanspieh P nifr YRS )%ée%ﬁi% PE Hhidh 20

suede type. A polishing pad of a non-woven | ricated

P RSt Mgl Ak bl AT, N HIE PSR
0, PohIBILORY At 880r8 08 R55 T BAELa 52 DRLABRIREDLAS il 5% o 2
st ock Zéafe‘i'rﬁ)o\iﬂhlﬂé’ h&RbAY0 %foh%hsail lsi.ncgcl’g W\Aﬁ{ﬂ‘e Vacuum-chucked on a plate
10 one by one, and a wax-free polishing method to polish a wafer held by a
- -backing pad and a template without using adhesive such as wax. At present,
there is mainly used a polishing method using a wax mount batch type one
side polishing apparatus te polish one surfaces of plural wafers adhered onto
| a plate made of such as glass or ceramics with wax. In this polishing
15  apparatus, the plate on which the wafers are held is placed on a turn table on
which a polishing pad is adhered and with a load being applied to an upper
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.



28/ 03/ 2006 3 A polishing pad of a suede type has a base material of

pol yester felt inpregnated with polyurethane, and a foaned | aye&28{83¥/@ 06l
in the polyurethane, by renoving a syface portion of the foamed | ayer
openings being forned thereon (this layer is called a nap layer). This
polishing pad is 5 specifically used in final polishing, wherein abrasive
slurry held in the foaned |ayer acts between a work and an inner surface
of the foaned layer to thereby performpolishing of the work. Though this

type of a poliship@idads phaorRegibdealbhe 438 steCﬁL%@%]ﬁﬂ ?frﬁcg aakbf #di

polishing to obtain a daimage-free surface, a periphera 1S easy to
pads, a polrepragd WB (Ve depe, Anld LHRER ayRs B IRRE RIS A2
non- wover o ek e sor ApREieR SR o G R Aot i

pol yest erots ffied e a Bhthavh it Earatnem ReRDcl B malicbitaned ana « ne
e P HEABRAY it Bt 0B e St eSS Bl
resin materia a content of inpregnation thereof and a buffing condition

for the. RaAReLIayer aets brtwesms work ppdianingqn surlaes obthefornieddager the

pol i shi nglyfag of this kind. At 20 present, a polishing pad with
conpr essFHIEPY pegtorphpolislyag offthesvenia) Thoneh thisdtyaedfia pplishingaradnown

112 2B ke ke et pobshinga i et o
keep a constant quality of each of the polished wafers in a polishing step.
For the puiipesse pepipheral sag i easy dn @iun doling omg time polishing. In
10 addition to the above i)oh'shing pads, a polishing pad such_ as a foamed
_ urethane sheet is availa}:ile.
As a method for fabricating a polishing pad such as a polishing pad
of a non-woven cloth type or the like, there is exemp]iﬁed a process for
fabricating a polishing pad with arbitrary characteristic, wherein a polyester
15  felt is impregnated with resin such as polyui'ethane and the surface thereof is
ground with a roll-shaped grindstone attached with super hard abrasive
grains thereon (this process is called buffing). A resin material, a content of
1impregnation thereof and a buffing condition 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 1t 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
wafersin a po]ishing step. For the purpose, while stabilization of a polishing

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



25 pad is inportant, especially there becone issues surface roughness,

28/ 03/ 2006 4 conpressibility, a conpressive elasticity nodul us, 28w03VI20®6
For exanple, if the conpressibility of the polishing pad is decreased, a
probl em arises that the influence of -precision in a polishing apparatus (a
shape of a turn table, surface deflection of the turn table, vibrationin 5
processing, etc.) cannot be absorbed to deteriorate flatness of a wafer.
Conversely, if the conpressibility is excessively |large, the anount of
surface depression of the polishing pad becones |arge to cause a sag in an
outer peiomessbilyys aicommrbssivealasticitilmodulas, fnd otlkarssur f ace roughness of
the polishing pad, in a case of a 10 snoother surface thereof and a higher

content of i npr&gnaradplesf the tvenptessibiktycefithe YolishinOp AL IINEaRANAL,
pol i shing pad and an outer peripheral portion of a wafer rises to increase

a sag i n & heoldemeariges thptiethel inflafchtoof pEOHYBRSIH ¥ polifhfhg athsg the
surface roughness of the polishing pad is increased by buftfing 1t roughly,

the conprshapebifl at surt seble, REeRIEESIdRBRL bO thyM el tdHIS! %ﬂ%ﬁtﬂmsﬂg 15 in
t he outer peripheral portion. Disclosure of the Invention: The present

i nvengi oprb@sshge retdd d@ardbty b Wdorb e %gggﬁﬁgh@;hﬂﬁhg&c%& f@%fet herefore

an object of this invention is to provi ( or ﬁgawafer
of ect | aBERYETE A pAILIBP LU i DI/ L0E" dle ARLLAPRE e sgpeler anc
oSS B oMy ORGSR T e
becomes GOALRELA] portion of a wafer. :
Also, as for the surface roughness of the polishing pad, in a case of a
10  smoother surface théreof and a higher content of impregnated resin therein,
- acontact ratio between the polishing pad and an outer peripheral portion of a
- wafer rises to increase a sag in the outer peripheral portion. Conversely, ina
case where the surface roughness of the polishing pad is increased by buffing

it roughly, the compressibility itself becomes larger to further increase a sag

16 in the outer peripheral portion.

Disclosure of the Invention:

The present inverntion 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 roughnéss 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



25 the conpressibility tends to becone |larger. Though it is desired that in
order 28/ 03/2006 5 to reduce a sag in an outer peripheral porti @B60342006
waf er, the surface roughness is incrgased to the |argest val ue possible
and the conpressibility is reduced to the | owest val ue possible, the
properties conflict with each other; therefore only one of them has been
controlled so far. In order to solve the 5 above problem the inventors
have conducted a serious study with a resultant discovery that in order to

keep the tol atheesaofag lie a@f@iter tjheigheshl Peortiak! 6f advakid Vinef s&eMmal i shi ng
pad can be defined by enploying a ratio of the properties, and have

achi eved rolnghpe@sieihcien¥edtd tHe laFf@dt vhabud Sostle a%d%%%%ﬁr@ésiﬂﬂ)ﬂ . ?@' ng a
waf er according to the 10 present invention conprises the step :

1101 PAHSBAI @uthate Wl oSS EE bV oD B, 00t 2t
{our f ace. BEETARFOUG BN o ot heeRoRPRIES R0l (1" SR G0 olintidls A° °
o SR DB B AR i A5aP blg Lo0
rougnnes SRRVt s BEP P ey "y FRingss of the Wl ths Mokt PHUABIA s
tendency whgre the larger the ratip o he surface 20 roughness to the
conpr essﬂB?‘ﬁb{ ftf 1R g‘l“?%rpaf%éapl ﬁ‘t’ rf&sé%edngys pawloyipg f m%!(htqf ohei s pl aced
U ew of PHBectier it hatrbesed Hee PrrscebHpssi ||ty Eopecially,
consi dering easﬁlgtaibsr Locasgliv,o 21 geti[:agde 019 lpiofig{;xinr?g (;,ll g‘:a?ér taggorzi?xigi (t);oitie
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 impregnéted 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



preferably on the order of from5 to 6. 25 Especially, it is preferable for
the conpressibility to be in the range 28/ 03/2006 6 of from 2% 228 40 3Y2 006
the conpressibility is less than 2% influences of a shape of a turn table
of a polishing apparatus and slight viébration in processing cannot be
absorbed to thereby generate a sag in an outer peripheral portion
adversely. Mreover, if the conpressibility is in excess of 5 4.5% surface
depression of a polishing pad encourages a sag in an outer peripheral
portion adversely. The surface roughness is preferably controlled in the
range of dfrfoom 2% o 45%.9 Ifntha\bemnpaeswilhidity iis 1o ilsheduushilgercdsodd shi ng pad
with the above nentioned range, a polished wafer with high quality can be

obt ai ned.shh@eBof ef thas dabh iofra YolishenDrapardtis Bh@ sighes vib@kaRh ilshowi ng a
rel ati onship between {surface roughness 4m) / conpressibility (%9} of a

pol i shi ngrpeskshnd dan@bbebs Arofbdass Erabye 3 t rd portion
of 2 nmm of a gf)gldi shed waf er ion Experi rren]?gl é’éhfg %xgdurrglgé %? #C@“{tgi‘l s a

graph s h%@irii@le@al %ﬁi&&ﬂéﬂr@el@?fmf‘éﬁv%ﬂrﬁf BHE oAPINAFTty (I Q:E(ie@s ge! I shing

pad and at ness n a case excluding an outer Eerl p era? portron of 2 nm

el at Fonany o Berace deRriathal PR pOsIRRE RS shoapiaenh bl TpgRAcERG T

rel ati onshi p betwee onpr essi bi

fl atness (i C [ an outer peripheral portion of 2 nm of a
pol i shedpﬁpggrfﬁ%%éré&n%ﬁbgr Exanple 1; and FIG 4 is an expl anatory

sectional view ’I‘Ré sﬁfﬁ%ﬁ%ﬁgﬂésg i3 ?}?‘\é\feggbﬁrncontro]led in the range of from

15 pm to 19 pm. When a wafer is polished using a polishing pad with the
above mentioned range, a polished wafer with high quality can be obtained.
10
- Brief Description of the Drawings:

FIG. 1is a graph showing a relationship between {surface roughness
(pm)/compressibility (%)} of a polishing pad and flatness (in a case excluding
an outer peripheral portion of 2 mm) of a polished wafer in Experimental

15 Example 1;
FIG. 2is a graph showing a relationship between surface roughness
(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.3isa grai)h showing a relationship between compressibility (%)
20 of a polishing pad and flatness (in a case excluding an outer peripherétl
portion of 2 mm) of a polished wafer in Experimental Exarﬁple 1; and
FIG. 41is 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.

95



essential part of an enbodi nent of a polishing apparatus used in a nethod
for polishing a wafer according to the present invention. 25 28/28/Q3d2006

Best Mbde for Carrying Qut the Inventipn: An enbodi nent of the present
invention will be explained below with reference to the attached draw ngs.
This enbodinment is nerely illustrative, and the present invention nmay be
nodi fied or changed variously 5 without departing fromthe technical idea
of the present invention. FIG 4 shows an enbodi nent of a polishing

appar at usBesteMots fer GafRobe Dart thedhi-efigg @ wafer according to the present
invention and is an explanatory schematic sectional view of an essenti al

part f or SNOW NG ek ésit 10f theOpebb A i erftidlP Wi SxABRALE HiFod OF 2

wor k equi pped with a single wafer =~ 10 po I ng" head. erence
nunmer al  1L-i¢e$LBRELES ¢ | i, s a at us, ich.ls constructed as an
g at a§gc§gdo@&a 1\?\‘/% er wgf%lpboéi%‘ﬁﬁl & %ereqy

appar at us polishing a single de EXe
Tl udos: aepratRer i 469 RSk Thr bRt MPedhe et e R uur ry ' e
otar snuriots pdRE ot e e o3be SahE Rite gV PRBORORT I ace
ol i ng_ SPATE’ BAyS39GReRh ol 0| PAHHAGE rBeRATEAD yuSPle it CRABKIGhobr { he
i ke, 20_and, rotated. by the. polishing head 14 and si nultaneously pressed
onto theP Oﬁcﬂl’ﬁ’% rYBadfﬁ’étﬁm% g it‘i’léﬂ? PresangppEentiontangd jsr ae expbaritpoad.
schematic sectional view of an essential part for showing a constructive
cutline of a polishing apparatus for a work equipped with a single wafer
10 polishing head.
In FIG.4, reference numeral 10 designates a polishing apparatus,
which 1s constructed as an apparatus polishing a single side of a wafer W, for |
example, a semiconductor wafer such as a silicon wafer. The polishing
apparatus 10 includes: a turn table 12; a polishing head 14; and abrasive
15 slurry feed tube 16. The turn table 12 is rc;ta’_ced at a prescribed rotation rate
by a rotary shaft 18 and a polishing pad 20 is adhered onto the top surface
thereof. |
Then, the wafer W is held on a wafer holding face 22a of a wafer
“holding plate body 22 of the polishing head 14 by vacuum chucking or the like,
20 and rotated by the polishing head 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 sharry

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

25 surface of the wafer W.



The abrasive slurry L is fed onto the polishing pad 20 fromthe abrasive
slurry feed tube 16 at a prescribed flow rate, and the abrasive 28{08y 2006
is fed between the wafer Wand the polg shing pad 20 to thereby polish a 25
surface of the wafer W 28/ 03/2006 8 The polishing head 14 is constituted
of a wafer holding plate body 22 wth the wafer hol ding face 22a and many
t hrough-hol es h for vacuum chucking, and a hol ding back plate 24, wherein
t he through-holes h are connected to a vacuum apparatus not shown via a

vacuum recess 2 @H@d@iﬁh@ad he ibedhitnatdpska Raddehddi ¥ Bo% gacuum

path 28 to vacuum chuck e wafer Won the wafer holdi ace a by

vacuum gegethathd® wafet Hdi@ing FR" 824 Sl HiRel, %g?@%ﬁgh?ffbrssﬂ r foﬁ! U\p%aﬁlgll%y an

outer cover 30, the holding back plate 24~an nnular ‘el as ody 32,
o a compyeeent S By L LR R R ER I ETIE <8 et o
by 20Ul GeaRG UL o o ISR SRAL £ yLBSEET olEPh B8 A9 Sy, @
(1, PSESSHL ARG 2S5 5L g Bk PSS SRR, &,
nvent; ot e $haR3B e Pr B0 EEne Sted T Rearga coraretion) | shi ng appar atus 10
vention,  nankPytisr HRRe i KA S th ST RdarbpRa tter savpeD: on
s A Y ping ek A S Lo U e etasiie Boces 35 hnd W eomdosana > 2 "
air feed path 36 extends into the space 34 and connected to a compressed air
10  feeder not shown. A polishing pressure is adjustable by regulatiﬁg a pressure
Needless to say, a polishing apparatus used in a method for
polishing a wafer according to the present invention is not restricted to the
embodiment shown in FIG. 4.
15 A method 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 example, in a polishing apparatus 16 as
r_shown in FIG. 4. A polishing pad used in the method of the present invention,
namely a polishing pad according to the present invention necessarily has
20 {surface roughness (pm) /compressibility (%)} of 3.8 or more at a stage before
| 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 Qloth is fabricated or purchased).
Here, the compressibility of a polishing pad is measured by a2 method

25  in conformity with JIS 1-1096. To be concrete, using a digital linear gage (for



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 X3 £ @3&i206
state (at a stage when a polishing elgoth is fabricated or purchased).

Here, the conpressibility of a polishing pad is neasured by a nethod 25 in
conformty with JIS L-1096. To be concrete, using a digital |inear gage
(for 28/03/2006 9 exanple, 1DB-112M made by M tsutoyo Corporation), a
thickness Tl is read after an elapse of 1 mn after an initial load WD is
appl i ed, emathpleelDBad2M madebeddieutiopo Morperdtivm) kaehkkhdsdTl ngréapd after
an elapse of 1 mn. Then, the conpressibility (% is calculated with an

expr essi aftexfar élebse of 2) iTh JafterSard Ofitial Mdad WO iidlap ;pﬁ%Q Y6l ithe 394K @ cn2 and
the load W is 1800 g/cn2 for evaluation. The surface roughness 'S

measur ed inereaseditd WE DthirkRosd Tﬂiﬂwn?ﬁé’ad \Mft&f af élagggﬂﬁi liiétng

I nstrument of contact type (for exanple Surfcom4

S t dj th of
125 mm B enE el TR TR AR, RO Gkl B 03 ‘-“r%”%ﬁlﬁ%”gn ra

val uey. E9peCTRS hiXitidl NGag ARy %%b?%@)y a0 AhePRald SW£% Eﬁﬁ%u cd, If‘%cfzngm ng

met hod of the present 1nvention e say,

to the {,g%gﬁtto I nvention, is preferably in the range of 2 %to 4. 5%

Therefore e surface roughness of a poli shi ng pad according to the
.control | dto be, 7.6 m or and nore

present inventiQn is ref erabl re
preferably in tﬂ% ?'él}f ?uglfl?eiﬂ%lién%ﬁ“trﬁ :PQ WB&@@@I Oér‘i‘ B‘PP%% i on of
surface ro hness gs%n%n I’eSSI bility,_ ( nore, which shows
a feat urg’ 4 fRughn ea}SﬂH i1Bf rup’fﬁnteﬁgr?ﬁpéa"tf GYP% (ﬁﬁ'l exAmpde.pad with

the sur fgﬁrefcén?‘{&'ﬂﬁeﬁﬁdg tby]'laokyo Seimitsu Co., Litd.) under prescribed conditions
10 (a measuring length of 12.5 mm, a measuring speed of 0.3 mm/min, a cut-off
- of 2.5 mm and an Ra value).

Especially, the compressibility of a polishing pad use(i in the
method of the present invention, that is to say, a polishing pad according to
the present invention, is preferably in the range of 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 éf 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 comﬁressibility and the



20 Am the conpressibility is preferably on the order of from2%to 4.7%
and for a polishing pad with the surface roughness of 15 m th&8/03/2006
conpressibility is preferably on thejgrder of from2%to 3.9% Though a
fabrication process for a polishing pad of the present invention is not
different froma prior art process, it is necessary to pay 25 special
attention to a rel ationship between the conpressibility and the 28/ 03/ 2006
-10 surface roughness for the polishing pad of the present invention. Wen

fabricati PedisHY ' C L equl fo he

pol i shi ngﬁﬁ‘gﬁco? %ﬁﬁﬁeﬁgrfgggﬁ%%%é B%,d ?fg?héefg?r%?rgz, wﬁé%%ghdm%rhs for
fabricati - L15dHiR LS. ad) ed..as_foll ows, .For ex Le, for an
non-mvenﬁgr%tgﬁng%%e pogP@ﬁﬁﬁ%&é‘?giﬁlﬁéé?nd‘%{‘%ﬁBF%%‘Pé?df%ﬁ the; ted with
pol yur et ' ti,on anmpunt o | yuret hane, i s ,adjusted so as to
regul at e 't eoﬁ:%{énp?%eggﬁg%n}lqno% eeWPLFeI%g? 88P§’5¥0n§(%°f Z‘T‘l? tiRg glh%ll | er
than 2%, L owed ; by buffi,n urface of the polishing pad wiith a

gri ndst orPeth:/g\nh%Iﬁg B s adivistai o foliowsy ofier sxemple fgaj%%wm%ovgurda@e
roughg_esstyﬁg%ﬁgg rebé@%?{ﬁ the conditjons 10 of the present invention.

Al so, °in ithpolestes delir wapregnptad Mitlo wolyurethaneequi red  t o
keep a ratio of {surface roiighness (m/conpressibility (%9} of the

pol i shi ngd™pEeEA 19 aqnauny; o shaer is radipeteds ip g @6 regwidter theHowever
due to polishin _(iionditions such as influences of abrasive slurry, etc. and
15 oper afPRgressHplityte be on theaondey off2% (dightbhimgllpndhamevd); fiblowedhanges
even during polishing. Therefore, in an actual polishing operation, a
rati o of bypslﬁm&@@urfmgwﬁéls@pmmwng@arthiatg‘xﬁmdgtoﬁ%naitﬁ suddiaShizth to fall
in the above range at |east at the start stage using the polishing pad.
Al so, i nok&sedileg 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, ete. 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
s0 as to be 3.8 or more by dressing ete. of the polishing pad in the course of the
polishing operations.
‘BExamples |

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



pol i shing operations, a quality of the polishing pad is gradually changed,
20 while a ratio of {surface roughness (m/conpressibility (@@}ﬁﬁ¥@3/ $06
adjusted so as to be 3.8 or nore by-gressing etc. of the polishing pad in
the course of the polishing operations. Exanples While description wll
be given of the present invention in a nore 25 concrete manner taking up
exanpl es below, it is needless to say that the 28/03/2006 - 11 exanples are
shown by way of illustration only and should not be construed by way of

i mitati exan{flepars showalbyEwayl dludtrAtisalonly 8hd shutlesst BOLGHPESd
(m/conpressibility (%9} of a polishing 5 pad was changed to investigate a

rel ati ondyi wapefhedeatidke ratio and wafer flatness after polishing. Using a
flatness tester 9700 E+ made by ADE Corporation, flatness was neasured in

terms of (BrGErimartsl Fkffipld gast sQuares < site > Range: difference of
undul ation 1n each site on a wafer surface) excluding an outer peripheral

Phe col 15 on 1 e aere? GlfetioebolR Al ElELFosS iy OB ofy B RRAR ohi ng
oPD21 5L 5L e U5 AR SRRREAN 1o PRRUE 0 Lt D
o AL S A SHBARE o L SR A (1
abrasi ve 0I urry. co ining colloidal silica (a H val yue of 10.5) under
pol i shi ngs LRS00, B]es%%m pgqﬁsHBe%r@sgq;pbs 8% (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)
___v_(r_as evaluafed.
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 ‘falue 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 relatibnship 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 (%)}.



g/cn?2 and a polishing tinme of 15 mn. FIG 1 shows a relationshiggpetmeen
results of the flatness (SFQR 20 max: in a case excluding an o r03/2006
peri pheral portion of 2 m) of the po%éshed wafer and the ratio of
{surface roughness (,n)lconpressibility (%) 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 inportant to define a quality of the polishing pad by the

present . there (< trent s e raUePIRGERRL M kbR Lo FRLARRE 20 4
the rati oope g apitae U Al PneF deBii HIF ol Y B0 Bt nea | n
Coim o PREs T Mk % et HathdRs VBEcen heRtath oBhiosd: or “per  pher a
between t he-conth LGP IG5, AEOE| # SFHioBHHP ahOar ftbar RBSSCT | n
he- e bEOURRS G5 o 6 PRBSRITgLPB, ansl b iTatnae Gaehiboe BugMess 10 and

the conpressibility are 'individually controlled, their correlations with
f I at ness PEF@beERL, portiane pb e mm) raff theappbshesh wafht,ngng ML G afnshowe adef i ned,
but by adopting the ratio of {surface roughness ([Lm/conpressibihty W as
in the prlasenshiphatimepn the corapressalibe ofidfei pdighingpad shilithe fladneds ch
controls the flatness easily. Especially, when the above ratio of {surface
r oughnes §01% casenerelmding asi outertyerigheral postign ofr2 mome ,ofithei poljstesler abl e
that there can be easily manufactured a wafer having a flatness level to
be requi wederheAeedn e understood from the figures, even if the surface roughness
10 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
15  (um)/compressibility (%)} is 3.8 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
20  the surface roughness of 16.2 pm ({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 poi'tions of 3 mm and 2 mm.

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

25 were SFQRmax = 0.12 um or less. Even when evaluation was performed on a



(Exanple 1) Using a polishing apparatus simlar to the polishin ratu
shown in FIG 4 having a polishing pad wwth the conpressibili ty%ﬁa/p@%&%ﬁé
20 the surface roughness of 16.2 jim{dsurface roughness
(tm/conpressibility 4.15), one hundred pieces of 8-inch silicon wafers
were polished. Flatness values of the polished wafers were neasured under
tight conditions excluding. outer peripheral portions of 3 mfmmand 2 mm As
a result of polishing, flatness values of all the polished wafers 25 were
SFQRmax = Wafep sirface ex¢luding dheconbten pariphatalatortion wi€ mer, fflatned: wiiues

28/ 03/ 2006 -13 wafer surface excluding the outer peripheral portion of 2
mm {1l at rveere SHRQIasax we el SHaRoeXess;0it 1i2 fgunarthagsihe whfdie Lugdblhat the
wafers are stably polished to be flat up to the outer peripheral portion.
(Exanpl e pd}ished)to by flatpgl fosthientitappariphtsal Jortibal to the polishing
apparatus shown in FIG 4 having a polishing pad with the conpressibility
of 4. 6% &Bdamiphe2sur f ace roughness of 17.8 m ((surface roughness
(gm/conpressibility (%} = 3.87), one hundred pieces of 8-inch silicon

waf ers were polUshigda pbligHiRgSspyAlaias s‘?fnifaqetop?héfﬂfl%h‘fﬂ Iee(cpﬁ)s?\_/yg# measur ed

under tight conditions 10 excl'udi ng outer peripheral por nm and

2 . ASsBowRSHIFICHTs BAYingH PltisHih® paGSRitk bl oudlrolibul)S Aok Sl vl ers

were SFQRmax = 0.13 gmor | ess. when eval uat’t on- was” per on a
o S EEREE HU 5, ST LU P R o
stably  dp3pol 3 82 mifidhbd pibbed Bf ‘B! bleoR SHhPe  Sbrd Potishod.
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 _thé polished wafers
were SFQRmax = 0.13 um 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 th‘e_ 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 ym ({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
eﬁcluding 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 pm or less. Even when evaluation was performed on a

25  walfer surface excluding the outer peripheral portion of 2 mm, flatness values



Exanple 3) Using a polishing apparatus simlar to the polishing apparatus
ghown in FIG 4 having a polishing pad with the conpressibili ty%ﬁ/pgh(f%%@
t he surface roughness of 17.5 gm ({sut4ace roughness (gm/conpressibility
20 (9} = 5.47), one hundred pieces of 8-inch silicon wafers were polished.
FI at ness val ues of the polished wafers were nmeasured under tight conditions
excl udi ng outer peripheral portions of 3 nrmand 2 nm As a result of

pol i shing, flatness values of all the polished wafers were SFQRmax = 0. 10

gm or | essercEaHrSHARmMeya 010 m \Wasleps! it Ok Mddndntltat waforal fe &ﬁbgﬁce
excluding the outer peripheral portion of 2 nm flatness val ues 28/ 03/ 2006

- 14 wer e pallish&f QRIBflaE p dOLH® Altel PeSiphbtalipprfignd that wafers are stably
polished to be flat up to the outer peripheral portion. (Conparative

Exanpl e Iboﬂiiaﬁgti&emﬂainﬁﬂbrlg apparatus simlar to the polishing apparatus
5 showmn in FIG 4 having a polishing pad with the- conpressibility of 4.6%
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excluding outer peripheral portions of 3 mm and 2 mm.
10 As a result of polishing, flatness values of all the polished wafers
~ were SFQRmax = 0.14 pm or so on a wafer surface excluding the outer
peripﬁeral portion of 3 mm, énd there were not obtained polished wafers with
flatness values of 0.13 pm or less. When evaluation was perforﬁed on a
| ‘wafer surface excluding the outer peripheral portion of 2 mm, the flatness
15  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 portibn of each wafer was sagged.

Capability of Exploitation in Industry:

20 As described above, according fo 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

25 peripheral portion of 2 mm.



15 values were on the order of 0.16 m which are inferior to those in a
case excluding the outer peripheral portion of 3 mm it is fouddA®3r 2006
outer peripheral portion of each wafer was sagged. Capability of
Exploitation in Industry: 20 As descrigqg above, according to the polishing
met hod using the polishing pad of the”present invention, when polishing a
wafer, there can be controlled a sag on an outer peripheral portion
t hereof, especially a sag on an outer peripheral portion of 3 nmor |ess
thereof, and flatness of SFQRnmax = 0.13mor |ess can be achieved on a
waf er surface excluding an outer ¢2higeripheral portion of 2 nm 28/ 03/2006
- 15 CLAIMS 1. A nethod for polishing a wafer conprising the step of
mrror-polishing a wafer with a main surface of the wafer being in contact
5with a pqushlng pad of non-woven fabric inpregnated with resin, wherein
a ratio of surface roughﬁe§’§ foppolisbin %ﬁwwmm@%ﬁﬁﬁr%%ﬁ%l lity
ssibility (%) is 3.8 or nore. 2.

t hereof {surface ness .Ra m | conpr
The nethod F8f° rr}’(ﬁ)ﬁlf’gﬂ'gr?gwﬁf%a‘f’%ﬁ #ee of the avafen beingacaptact he
|S. Ln the r%n%e of from2%to 10

b he_pol i.sh
conpr esgj bl xpgﬂ@a?gpggéffg% F PEREBRIAC Tt 8Osl m 1 or 2,

4.5% The ne
e of from

wher ei n th%{%i‘ﬁﬁl%(:%t{oodﬁ% rou ‘%0 ghﬁn&% r{&dgsvéggﬁé)frggs non woven

15 pun to
fabric gg,tﬁéifwfqm&%wéﬁﬂess s (ilm))é{ﬂﬁf; oty hi%s 3s SHGEACE Toughness of
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

10 4.5%.
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

pm to 19 pm.

4, A polishing pad for polishing a wafer, of non-woven fabric
15 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.
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%

20 to 4.5%.
6. The polishing pad for polishing & wafer according to claim

4 or 5, wherein the surface roughness of the polishing pad is in the range of

from 15 pum to 19 ym. |
7. A method for polishing a silicon wafer comprising the step of:

26 - mirror-polishing the silicon wafer with a main surface of the silicon wafer



pad to conpressibility thereof {surface roughness Ra (um/conpressibilit
(%) is 3.8 or nore. 5. The polishing pad for polishing a wafer 28£@3di24f6
to claim 4, wherein the conpressibility of the polishing pad is in the
range of from2% 20 to 4.5% 6. The pakishing pad for polishing a wafer
according to claim 4 or 5, wherein the surface roughness of the polishing
pad is in the range of from15 pmto 19 pm 7. A nethod for polishing a
silicon wafer conprising the step of. 25 mrror-polishing the silicon
wafer wth ﬁe_rrai_n surface of the silicon wafer 28/ 03/2006 - 16 _being in
contact wi tPPLEE BB PIUACHWLE AP onzwevea fakyie dmpregaatedi WKt resin,
the main surface,of the silico fer,.being_ supjected.to alkali _.conditions
by using arr 5Bt oy ady c‘éo‘#t %iSHFORoPRfSE gReing | $4 t‘%/dattﬂ ?lhfél‘ abr asi ve

of the pol i G5 sBRe ) Bl SURRRGRE Ry Hepbor oo deb st g b R
(P coM! skl i hloc e BopinBbRg TS 10,01 Tese, Wereln the
155 m g Tom . 5 ei P b BB R U B B B 11 el
N e e Bl L R s e S
pressure obr deps oxd TBbelews 300 g/ cnl.
wherein the compressibility of the polishing pad is in the range from
2% to 4.5%, and wherein the surface roughness of the polishing pad is in the
10 range from 15um to 19um. |
8. A method according to claim 7, wherein the alkali conditions
are approximately a pH value of 10.5. | ' '
9. A method according to claim 8, wherein the step of

mirror-polishing occurs at a polishing pressure of approximately 300 g/cm?2.



