1 DESCRI PTI ON METHOD FOR POLI SHI NG WAFER AND PCLI SHI NG PAD FOR POLI SHI NG
WAFER, Technical Field: The present invention'relates to a nethod for
polishing a wafer and a polishing pad for polishing a wafer preferably
used in the nmethod for polishing a wafer. 10 Backgrou
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Technical Field:

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

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



waf er; a polishing step of making a mrror surface of the wafer; and a 25
cl eaning step of cleaning the polished wafer to renove abrasive slurry or
dust 2 particles deposited thereon. The main steps of the wafer

manuf acturing process are only |isted above, and sometimes other steps
such as a heat treating step may be added, the above one step may be
performed at nultiple stages and the step sequence nay be changeable. 5
The polishing step, anong the above steps, includes various forns of

pol i shing nethods. For exanple, a mirror-polishing nethod for a silicon
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polish both surfaces of a wafer sinultaneously as in the |apping step, a
single REPEESSpNG AL distad BHEVE.0apd| Jommetames rpher \whémr sueltiasmacheaked on a
pl ate 10 one by one, and a wax-free polishing method to polish a wafer held
by a badéteatingakeranay detasdedatie abotroone sigpngapbheeirfornmidedt multiple At
present, there is mainly used a polishing nethod using a wax nount batch
type onestagesqambthe bliepgegppacameay hochahgedblane surfaces of plural wafers
adhered onto a plate nmade of such as glass or ceramics with wax. In this
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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 to 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.




achieved. This kind of polishing pad has been w dely enployed for stock 25
renmoval polishing of a silicon wafer. 3 A polishing pad of a suede type has
a base material of polyester felt inmgregnated with polyurethane, and a
foamed |layer is formed in the polyurethane, by renoving a surface portion
of the foaned | ayer openings being fornmed 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-
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wor k. Though this type of a polishing pad has been we I'n chem cal
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of the sag in an . outer gerip.heral ortion of a wafer. It is inportant to

keep a cORSPSHt 2 fiFAIRRerabragasreasy thacy® Aurag long time polishing. In
10  addition to the above polishing pads, a polishing pad such as a foamed
urethane sheet is available.

As a method for fabricating a polishing pad such as a polishing pad
of a non-woven cloth type or the like, there is exemplified a process for
fabricating a polishing pad with arbitrary characteristic, wherein a polyester

15  felt is impregnated with resin such as polyurethane 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
impregnation 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 it has been known that a polishing pad with low compressibility
contributes to a reduction of the sag in an outer peripheral portion of a wafer.

It is important to keep a constant quality of each of the polished
wafers in a polishing step. For the purpose, while stabilization of a polishing

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



wafers in a polishing step. For the purpose, while stabilization of a
polishing 25 pad is inportant, especially there-becone issues surface
roughness, 4 conpressibility, a conpressive elasticity nodulus, and others.
For exanple, if the conpressibility of4the 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, vibration in
5 processing, etc.) cannot be absorbed to deteriorate flatness of a wafer.
Conversely, if t_B_ .conpressibili ti/ i s excessively large, the anount of
surface CQBPIESHPEHYoR CORPIgBsIVE Blasfichadnbdubreeandathers. o cause a sag in an
outer peripheral portion of a wafer. Also, as for the surface roughness of
the polishing pHer ekampledf she tompressilshioofithe salisting pbds defreansda hi gher
content of inpregnated resin therein, a contact ratio between the

pol i shi n¢ peablemdarisesothatr theehifhlecalof poetision i agpoliwdiieg appaestuso(d ncr ease
a sag in the outer peripheral portion. Conversely, in a case where the
surface sbapanefsa birn tieblepl sueficegdefiection iofictiRaseeh Gublyf Fibbatioh tin’ oughl vy,
the conpressibility itself beconmes larger to further increase a sag 15 in

t he olt emprpeasspiger elic.)poahhon beDabsdrbedr tn AfetébibrdteVARtAQR: of e WaBseNt
i nventi on has been made in view of the above circunstances, and therefore
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effectively preventing a sag in an outer peripheral portion of a wafer and
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polishing a wafer. The surface roughness an are

properti @sriphssflpatRea ofd Wagach other, and when the surface roughness
becones coar ser,

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

10  smoother surface thereof and a higher content of impregnated resin therein,
a contact ratio between the polishing pad and an outer peripheral portion of a
wafer rises to increase a sag in the outer peripheral portion. Conversely, in a

case where the surface roughness of the polishing pad is increased by buffing

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

15  in the outer peripheral portion.

Disclosure of the Invention:
The present invention has been made in view of the above
circumstances, and therefore an object of this invention is to provide a
20 method for polishing a wafer effectively preventing a sag in an outer
peripheral portion of a wafer and a polishing pad for polishing a wafer
preferably used in the method for polishing a wafer.
The surface 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 become |arger. Though it is desired that in
order 5 to reduce a sag in an outer peripheral portion of a wafer, the
surface roughness is increased to theg.largest value 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

f 1 at ness tofreduee veafsag, ih hen raser Qerighdral porbibht ¥f of wafee! tishisgfpad can be
defined by enploying a ratio of the properties, and have achi eved the
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to the 10 present invention conprises the step of : mrror-polishing a
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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 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.
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 compressibilify.
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



25 Especially, it is preferable for the conpressibility to be in the range
6 of from2%to 4.5% If the conpressibility is l'ess than 2% influences of
a shape of a turn table of a polishing apparatus and slight vibration in
processi ng cannot be absorbed to therdby generate a sag in an outer

peri pheral 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 from 15 mto 19 m Wen a wafer is polished

usi ng a Pdlfremi 2% f@aél-%\%-t Hf the contpressihdityiisrless thay&%,ainfbidnehe dfwaf er
with high quality can be obtained. 10 Brief Description of the Draw ngs:
FIG 1 ishapgrebla showitabhle ofed qrolisiahg papsiraten fislislighe vibugtiorsim
(m/conpressibility (%9) of a polishing pad and flatness (in a case

excl udi n@roegssmg eranpet i b ealmorbed ttcotthefebs gehewite aa podg shednwaiugsr i n
Experinental 15 Exanple 1; FIG 2 is a graph showing a relationship

bet ween gerirdweeal poxtivreadverssly. oMore@ar| fihagopdsteasiblilidyalsiassxcebdlof case
excluding an outer peripheral portion of 2 mMm of a polished wafer in

Exper b ment.5%, Exafaekedebrefdien ¢ 4 podishidp paghenéoidaged 8 g oAU Bubst ween
conpressibility (%9 20 of a polishing pad and flatness (1 n a case

excl udi ngeaipRehEpoftedr Adrably, portion of 2 mm of a polished wafer in
Experinmental Exanple 1; and FIG 4 is an explanatory sectional view for

schematically SBMABED xEhaRAl 8 pRABIIAL AREIRITR B ARbioT 19
I nventions ym to 19 um. 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
(um)/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. 2 is 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. 3 is a graph showing a relationship between compressibility (%)

20 of a polishing pad and flatness (in a case excluding an outer peripheréll
portion of 2 mm) of a polished wafer in Experimental Example 1; and

FIG. 4 is an explanatory sectional view for schematically showing an

essential part of an embodiment of a polishing apparatus used in a method

for polishing a wafer according to the present invention.

25



25 7 Best Mode for Carrying Qut the Invention: An enbodi nent of the present
I nvention wll be explained below wth reference to the attached draw ngs.
This enbodinment is nerely illustrati-ve, and the present invention nay be
nodi fied or changed variously 5 without departing fromthe technical idea
of the present invention. FIG 4 shows an enbodi ment of a polishing
apparatus used in a nethod for polishing a wafer according to the present
i nvention and is an explanatory schematic sectional view of an essenti al
part for Bést\Wlode fordOmetying Outehe duvéntien:of a pol i shing apparatus for a
wor k equi pped with a single wafer 10 polishing head. In FIG 4, reference

humeral 10 desi dmatathodimeht sifithe prRenBinentiohivwill be G@IsinHChEdwaS an
apparatus polishing a single side of a wafer W for exanple, a

sem condugithr rafef@ices b6 hthas adtarhbldCcarawaicdl - Tie BRlHodnBgL i@pﬁférr?fyus 10
includes: a turn table 12; a polishing head 14; and abrasive 15 slurry feed

tube 16. iTMagtrawive, AABRe bledehtlibehGoh ﬂafb@%%ggw%ﬁi chghg&i Qbribdkl by a

rotary shaft 18 and a polishing pad 20 is ad onto t top surftace

t her egf . WitBout a%gaM§ﬁow Re hebichiem Pdﬁ‘éﬁgéﬁfh@}e@bﬂg iﬁ@&ﬁﬁﬁ?aﬂb g vaf er

hol di ng pl ate bo 22 of the polishing y vacuum chucking or the

like, 20 n3ehs ahabiibodYmbhiE @Ok @Bﬁé‘lﬁn@eggPéﬁl@@duﬁémﬁ %n%?%%é& piessed

onto the polishing pad 20 of the turn-te at a prescri | 6ad. The
o urry 1 EOpil b A eelilie ORI eSh SRR b AT G BRRBRY T,
I's fed beineaRtinsMRhal Mbadr tageegs%%fal?iﬁ]ﬂt Pad szlgov;[ri%gt nelsRrdsh 2
outline 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 is 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 rotated 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 slurry
L is fed between the wafer W and the polishing pad 20 to thereby polish‘ a

25  surface of the wafer W.




25 surface of the wafer W 8 The polishing head 14 is constituted of a

waf er holding plate body 22 wth the wafer hol ding face 22a and many .

t hrough-holes h for vacuum chucking, gand a hol ding back plate 24, wherein
t he through-holes h are connected to a vacuum apparatus not shown via a
vacuum recess 26 fornmed 5 in the holding back plate 24 and via a vacuum
path 28 to vacuum chuck the wafer Wn the wafer holding face 22a by vacuum
generation. Further, there is formed a space 34 surrounded by an outer

cover 30, the ﬂweqmmghmghe@dlauesaéklsﬂbdlt@dloﬁamafafhsldaﬁg plateiy3® and a
conpressed air feed path 36 extends into the space 34 and connected to a

conpr essexithi thel dfeedasldiint fsovna Aupqhaﬁgalﬂﬁoagﬁqfowéseu Sor2Shakahab! € by
regul ating a pressure of the conpressed air feeder. Needless to say, a
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t he present |nvg2nt|on S notg restlrﬁl cted to the ﬁ%o OEE% In FIG 4.
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a polishing pad having a specific perfornance accor |ng to present
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as shown in A polishing pa use pre ent
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measur ed bly feed tﬁ% extends into the space 34 and connected to a compressed air

10  feeder not shown. A polishing pressure is adjustable by regulating a pressure
of the compressed air feeder.

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
usea a polishing pad having a specific performance according to the present
invention as the polishing pad 20, for example, in a polishing apparatus 10 as
shown in FIG. 4. A polishing pad used in the mathod of the present invention,
namely a polishing pad according to the present invention necessarily has

20 {surface roughness (um) /compressibility (%)} of 8.8 or more at a stage before
polishing. That is to say, a quality of a polishing pad is adjusted so as to meet
a préscribed condition in the present invention at an as-received state (at a
stage when a polishing cloth is. fabricated or purchased).

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

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



25 in conformty wth JIS L-1096. To be concrete, using a digital |inear
gage (for 9 exanple, |IDB-112M made by M tsutoyo Corporation), a thickness
Ti is read after an elapse of 1 mn.after an initial load WO is appli ed,
and the load is increased to W, a thickness T2 being read after an el apse
of 1 mn. Then, the conpressibility (% is calculated with an expression
of {(T1 - T2)/T1} x 5 100. The initial load WO is 300 g/cn2 and the |oad W
is 1800 g/cn2 for evaluation. The surface roughness is nmeasured on a

surface ekample! 1BBIPMatadsvbl Mitstey@ 0aSDr BN bl fheclitst MIMBnte o f
contact type (for exanple, Surfcom 480A made by Tokyo Seimtsu Co., Ltd.)
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I nvention, that is to say, a polishin accor present
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of froml1l5 mto ased on an eXpression o

conpressbpéjﬁiatt%n(% = 3.8 or nore, which shows a feature of the present

i nvention. For é€xanple, for a polishing pad with the surface roughness of
on the, order of. from2%to
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conpressibjlity is, preferably on.the order of from2%tqg_ ,3.9% Though a
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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 used 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 (pm) /
'compressibility (%) = 3.8 or more, which shows a feature of the present
invention. For example, for a polishing pad with the surface roughness of 18
20  pm, the compressibility is preferably on the order of from 2% to 4.7%, and for
a polishing pad with the surface roughness of 15 um, the compressibility is
preferably on the order of from 2% to 3.9%.
Though a fabrication process for a polishing pad of the present

invention is not different from a prior art process, it is necessary to pay

25 special attention to a relationship between the compressibility and the



25 special attention to a relationship between the conpressibility and the
-10 surface roughness for the polishing pad of the present invention. \Wen
fabricating a polishing pad neeting {{g-conditions required for the
polishing pad of the present invention, for exanple, the conditions for
fabricating the polishing pad is adjusted as follows. For exanple, for an
non-woven cloth 5 type polishing cloth of a polyester felt inpregnated with
pol yur et hane, an inpregnation amount of polyurethane is adjusted so as to

regul at e sbfice G a886d b ithy ﬁdlislh?n?'batdhsg' Q?ﬁ?re&%n@%&eﬂti&{"t lWh%Hgl ler

than 2%, followe by buffing a surface o polishing pad wt
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10  of the present invention.
Also, in the method according to the present invention, it is required
to keep a ratio of {surface roughness (um)/compressibility (%)} of the
polishing pad to be 3.8 or more even during polishing of a wafer. However,
due to polishing conditions such as influences of abrasive slurry, etc. and
15  operating time, etc., a quality of a polishing pad inevitably changes even
during polishing. Therefore, in an actual polishing operation, a ratio of
{surface roughness (um)/compressibility (%)} is adjusted to fall in the above
range at least at the start stage using the polishing pad. Also, in fepeating
polishing operations, a quality of the polishing pad is gradually changed,
20  while a ratio of {surface roughness (um)/compressibility (%)} is to be adjusted
so as to be 3.8 or more by dressing etc. of the polishing pad in the course of the
polishing operations.
Exampies

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



25 concrete manner taking up exanples below, it is needless to say that the
- 11 exanples are shown by way of illustration only and should not be
construed by way of limtation. (Expgjinental Exanple 1) A ratio of
{surface roughness (~tm/conpressibility N) of a polishing 5 pad was
changed to investigate a relationship between the ratio and wafer flatness
after polishing. Using a flatness tester 9700 E+ made by ADE  Corporation,
flatness was neasured in terns of SFQR (Site Front |east sQuares < site

> Range: eﬁhﬁfpﬁé@ﬂﬁ@sl@cﬁwﬂ@-’%ﬁ&i&Wh&rﬁﬁ?ﬂzﬁ%ﬁnﬂrﬁ]&mtﬁlﬁ bes&%ﬁqn%dlo

excl uding an outer periphéeral "portion o W th a size of

square celylwapbfliblitati®y val ue of the cells on the wafer surface (SFQRmax)
was evaluated. Wth a polishing apparatus simlar to the polishing

appar at USExpEQWenit 1 Ek%n el1) Wwhich there were used various polishing pads
adhered thereon each a\?i ng a different ratio value of {surface roughness
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{surfacefoughness /[conpressibility W of the ol jshing pad. As shown
in FIG §°TP19‘ f’ﬁ% Sp W RS ( measuredyin dpresyofa B seSI‘teh rphhtlpests and

t here was aa?ood | i near corr_e(hgion bet ween them That is to say, it is

found t oSBT ST PRt (BARES i dillerensearh npdulation: ip mackhsite ovas wafarhe
surface) excluding an outer peripheral portion of 2 mm with a size of 25 mm
10 square cell, and the max value of the cells on the wafer surface (SFQRmax)
was evaluatéd.

With a polishing apparatus similar to the polishing apparatus

~ shown in FIG. 4 in which there were used various polishing pads adhered

thereon each having a different ratio value of {surface roughness

15  (um)/compressibility (%)}, 8-inch silicon wafers subjected to etching

treatment were polished using abrasive slurry containing colloidal silica (at a

pH value of 10.5) under polishing conditions of a poliéhjng pressure of 300
g./cm2 and a polishing time of 15 min.

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

20 max‘in a case excluding an outer peripheral portion of 2 mm) of the polished

wafer and the ratio of {surface roughness (um)/compressibility (%)} of the

polishing pad. As shown in FIG. 1, it was found that the ratio largely affects

the flatness and there was a good linear correlation between them. That is to

say, it is found to be important to define a quality of the polishing pad by the

25  ratio of {surface roughness (um)/compressibility (%)}.



25 ratio of {surface roughness (im/conpressibihty NI. -12 At present,
there.is required a quality of SFQRmax = 0.13 gmor |less as flatness and
it is found that when defining the quality by the ratio, with the ratio of
3.8 or nore, a high flatness wafer can“be stably obtained. In addition,

FIG 2 shows a relationship between the surface 5 roughness (m of the
polishing pad and the flatness (excluding an outer peripheral portion of 2
nm) of the polished wafer, and FIG 3 shows a relationship between the

conpressibility pgal i .shi n e ss__(jin,a case excluding
an outer peri ph‘é(regfé%glrtt %ér}% gjf nglﬁg?d %ﬂqiaiﬁyﬁgbmaxwaﬁﬁ”%ri% be
understo fdqurees en hf t surface r ness 10.and.the
conpr ess%%i tﬁt?l %E %rggldi lhglg\?l?%%ﬁ?t g@ﬁprcgqir&&g t?‘ﬁeq"iaqiigtbyeﬁéq Fie Wt;‘h
fl at ness . therefore a.preferable polishin d cannoj be defi ned,
but by égég?#lﬁ\gftsh%g’r: Tt adiglh fafncks ‘?’Bﬁgr?ﬁé‘g%e Stapicohiginadi bi 1ty (9]
as in the presgnt % entif EEG e can be defiﬂed a polishing pad which
controls the frat}Edio8s ﬂ;? SHawEaR yelafiomshimbetweon the iwwéace surface
roughpess 1 /conpressibility (%9} is 3.8 or nore, it is preferable that
t here caﬁoﬁé“(‘%)’és{hng}) H'gﬁf}PaRﬁl g Paganad theyflatpesst(eaelnding lagy entaro be
required hereafter. _(ExanEIené) Usi ng a_pol.ishing aeﬁaratus simlar to the
pol i shi n§eEBHsFak gertiem Rfin2i mop of the rmhﬁ%gdaW@&Ii, sinch FI6hd3 vitiows lae
conpressip%%jty of 3.9% and 20 the surface roughness of 16.2 m ({surface
r oughnes $eletionshunbetateansihe comprepsibility ofthe pohishingphdandithe 8atnésss- i nch
silicon %afers were polished. Flatness values of the ﬁolished waf ers were
measur ed Win@saseepsludiagoar jowter pexiphevalhgoxtiore of (e mmhef ahepwlisheds of 3
mmand 2 nm As a result of polishing, flatness values of all the polished
waf ers Wwafer. Ascan be 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 portions of 3 mm and 2 mm.

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

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



25 were SFQRmax = 0.12 gmor |ess. Even when eval uation was perfornmed on a
13 wafer surface excluding the outer peripheral portion of 2 mm fl atness
values were SFQRmax = 0.12 gmor lesp3.it is found that the wafers are

stably polished to be flat up to the outer peripheral portion. (Exanple 2)
5 Using a polishing apparatus simlar to the polishing apparatus shown in
FIG 4 having a polishing pad with the conpressibility of 4. 6% and the

surface roughness of 17.8.gm ({surface roughness (gn)/conpressibility (%}

- bawTel i f 8-i il f r Li shed.
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g;nclotrjd! ﬁg%ﬁ@%ﬁ% Q@ﬁ%@ﬁﬁ%ﬁ@g} OOU&S%?’EE%SFQ?%%OWI atness val ues were

SFQRmax or less; it is found that the wafers are stably 15
pol i shed@%aréglpfg?jat up to the outer peripheral portion. (Exanple 3) Using a

i shi iml.ar.to th i shi, a ratus . shown in FIG 4
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val ues of, the polished wafers were nppasured under tight conditions

excl udi ntPo8 CE)é‘PPSgEP%‘-I ohdrtd vy rZrémurfﬂCﬁnnoaxl:g&:inzssnﬁmm)/somprre&ubthtgf
polishing, .flatness values of all the polished wafers were SFQRmax = 0.10
gmor le &)} EvéRThhene dvandred; piecaasofp8rinch rbicam veafers were polished.

Flatness values of the polished wafers were measured under tight conditions
10 excluding outer peripheral portions of 3 mm and 2 mm.
As a result of polishing, flatness values of all the polished wafers
were SFQRmax = 0.13 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 um or less; it is found that the wafers are stably
15 polished to be flat up to the outer peripheral portion.
(Example 3)
Using a polishing apparatus similar to the polishing apparatus
.shown in FIG. 4 having a polishing pad with the compressibility of 3.2% and
the surface roughness of 17.5 pm ({surface roughness (um)/compressibility
20 (%)} = 5.47), one hundred pieces of 8-inch silicon wafers were polished.
Flatness values of the polished wafers were measured under tight conditions
excluding outer peripheral portions of 3 mm and 2 mm.
As a résult of polishing, flatness values of all the polisHéd wafers
were SFQRmax = 0.10 pm or less. Even when evaluation was performed on a

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



25 wafer surface excluding the outer peripheral portion of 2 mm fl atness
values .14 were all SFQRmax = 0.10 mor less; it«is found that wafers are
stably polished to be flat up to the puter peri pheral portion.
(Conparative Exanple 1) Using a polis}n ng apparatus simlar to the

pol i shing apparatus 5 shown in FIG 4 having a polishing pad with the
conpressibility of 4.6% and the surface roughness of 14.5 m ({surface
roughness (gm/conpressibility (%} = 3.17), one hundred pieces of 8-inch

silicon ywahersy VST“%RHPA& shgdo gﬂ %trnllga%s? %g:isu?o%.ncg Bfégi? vﬁa%}ﬁs hed s?i@tglﬁr S were

measured under tight condition exc I Ng out ér | pheral “por s of 3

mm and 2p h&@t‘fﬁergrt@&%%f%‘&%?%%ﬁ@%{%%@%ﬁess values of all the

pol i shed*wafers ~ we B a wafer surface excl udi ng

t he oute [ [ onti@n of 3 mMm and there were not obtained polished
waf er s wk?ﬂ&%ﬁg{iﬁ%?gav lﬁelg of 0.13 gmor |ess. Wen eval uati on was

performed on a fer sur.face excludi ng the oyter peripheral portion of 2
mm the flatness ¥ \%Pﬂ&% EPBATS 5‘:"&’3 r gf’ é?el@og‘ﬁgl%ia@l?aé?‘félsi nferior
to those {n a.c cl udi ng t.he. oute ripheral portion of 3 nm_ it is
f ound® t h§ OWﬁénmrfﬁﬁm%ﬂg’Pialﬁﬁ%%%ﬁgﬁ?t  EPORES 351D Ogéﬁé&.nd

Capabi | i of loitation in I ndustyry: 20 As described above, according to
the poli iﬁ‘? ﬁ&r%g rﬁ?&gggﬁ?@ of H4-5 e i(gwr#@epw%meﬁﬁe(ug:gé@mressibém on,

when pol i sS}i ng._.a \gaf er, there can be controlled a sag on an outer

per i pher 80)or 8ildh pRErwRdreds pirges) of, 8zneh gsitinom rwateus eveyse polinked
portion of 3 mmor |less thereof, and flatness of SFQRmax = 0.13 mor |ess
can be aéhriapss valnes afidhepolished seafercwark mpasnredinader tighp epnditiomal

portion of 2 mm )
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 um or so on a wafer surface excluding the outer
peripheral portion of 3 mm, énd there were not obtained polished wafers with
flatness values of 0.13 pm or less. When evaluation was performed 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 portion of each wafer was sagged.

Capability of Exploitation in Industry: _

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

25  peripheral portion of 2 mm.



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
5 with a polishing pad of non-woven .fgpric impregnated with resin, wherein
a ratio of surface roughness of the polishing pad to conpressibility

t hereof {surface roughness Ra (gnm/conpressibility (%9} is 3.8 or nore. 2.
The nmethod for polishing a wafer according to claim1, wherein the
conpressibility of the polishing pad is in the range of from2%to 4.5% 10
3. The nethod for polishing a waf eciagapegding to claim1 or 2, wherein the
surface roughness of the polishing pad is in the range of from15 gmto 19 -
gm 4. A polishing pad for polishing a wafer, of non-woven fabric _

i npregnated with resin, wherein a ratio of surface roughness of the
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wherein a ratio of surface roughness of the polishing pad to compressibility
thereof {surface roughness Ra (um)/compressibility (%)} is 3.8 or more.
2. The method for polishing a wafer according to claim 1, wherein the
compressibility of the polishing pad is in the range of from 2% to 4.5%.
10 3. The method for polishing a wafer according to claim 1 or 2, wherein
the surface roughness of the polishing pad is in the range of from 15 pm to 19
pm.
4. A polishing pad for polishirig a wafer, of non-woven fabric
impregnated with resin, wherein a ratio of surface roughness of the polishing
15  pad to compressibility thereof {surface roughness Ra (um)/compressibility
(%)} is 3.8 or more.
5. The polishing pad for polishing a wafer according to claim 4, wherein
the compressibility of the polishing pad is in the range of from 2% to 4.5%.
6. The polishing pad for polishing a wafer according to claim 4 or 5,
20  wherein the surface roughness of the polishing pad is in the range of from 15

pm to 19 pm.



