DESCRIPTION

Title of Invention: METHOD FOR POLISHING SILICON WA

POLISHING LIQUID THEREFOR

Technical Field

[0001] This invention relates to a method for polis

silicon wafers and a polishing liquid for the metho
particular, to a method for polishing silicon wafer
polishingateasthesurfaceservingasasurface
betweenthe surface and therear surface ofthe sil
soastorelativelyrotateasiliconwaferandana

while supplying a polishing liquid, and the polishi

for the method.

Background Art

[0002] Inrecentyears,asamethodforpolishinga
ofasiliconwafer, CMP (chemicalmechanicalpolish
is carried out so as to relatively rotate the silic

and an abrasive cloth while supplying a polishing |
whichfreeabrasivegrainssuchassilicagrainsar
inanalkalineaqueoussolution,iscommon. CMPha
by thatamechanical polishing actionby free abras
andachemicalpolishingactionbyanalkalineaque

are combined, to be able to obtain high flathess wi

tothesurfaceofasiliconwafer. InthisCMP pro
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silicon wafer, usually, polishing is carried out th
multiple steps from rough polishing to final polish
The rough polishing at an initial step is carried
withthe purpose of polishing a silicon wafer to be
thickness. The polishingis carried outunder the
of arelatively high polishing rate by use of a har
cloth of polyurethane or the like, that is, the pol
carried outso asto reduce the variation in thickn
siliconwaferafterthe polishing,toachieveflatt
thisroughpolishingprocess,thepolishingprocess
carried out so asto change the type of an abrasive
the size of free abrasive grains, while splitting t
ofpolishingthesiliconwafer(eliminationstocka
multiple steps (for example, 1 to 3 steps) in some
Thefinalpolishinginthefinalstepiscarriedo
the purpose of improving the roughness on the silic
surface, andthe polishingis carried outso asto
variationnnano-surfaceroughnessonthesilicon
suchasnanotopographyorhazebyuseofasoftabr
such as suede, and micro-sized free abrasive grains
samewayastheroughpolishingprocess,inthisfi
as well, the polishing processing may be splitinto

steps to be carried out while changing the type of
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cloth and the size of free abrasive grains, in some
[0003] However jnthecasewhereroughpolishing
outbyuseofapolishingliquidcontainingfreeab
(aslurry),ahighpolishingrateandacertainlev
ofawafermaybeobtained. Meanwhile,newprocess
been brought about to the surface of the silicon wa
mechanical action during the polishing. Further, d
aggregationofthefreeabrasivegrainsinthepoli

defects caused by a process such as micro-scratchin
occurred on a polished surface of a silicon wafer.
cases,processdamageoccurringintheroughpolish
anddefectscausedbyaprocessarenoteliminated
subsequentfinalpolishingprocess,andinorderto
eliminatethose, itisnecessarytoconsiderablyin

amount of polishing in the final polishing.

[0004] Then,asaconventionatechnologyforsolvi
forexample, theinventiondisclosedin PatentDocu
beenknown. Thisinventionistopolishthesurfac
waferbyuseofapolishingliquidcomposedofana
solutionofpH8.5t013 whichcontainsawater-sol
component and an alkaline component, and substantiv

not contain free abrasive grains. In this way, bec

abrasive grains are not used, process damage to the
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of the silicon wafer is reduced. In addition, beca
silicic acid molecules are coupled with silicon ato
wafer surface coupledwithahydroxylgrouptoform
silicate and accelerate elution ofthe siliconatom
alkaline aqueous solution, its polishing rate is th

increased.

[0005] Patent Document 1: Japanese Published Unexam

Patent Application No. H9-306881.

Disclosure of Invention

Problems to be Solved by the Invention

[0006] Meanwhile,fromthestandpointoftheminiat
of devices and the enlargement of a device formatio
ofasiliconwaferinrecentyears, highflatnessi

in the vicinity of the outermost circumference of a
wafer, which hasdrawnincreased attentiontoflatn
vicinityotheoutermostircumferenceandtheamo
displacement of a wafer. In accordance therewith,
ROA (Roll-OffAmount)inwhichadrop-offamountan
amount of the wafer outer circumferential portion a
guantitativelyexpressedhasbeenknowninorderto
shape of the outermost circumference of a silicon w
[0007] Thisistodetermineavirtualreferencepla

awafershapeatapositionof124mmtol135mm(Re
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fromthecenterotthewafernwhereasiliconwafer

of, for example, 300 mm is considered as being flat
example, when a ROA is 1 mm, it is defined as a hei
thereferenceplaneatapositionof lmminwardfr
outeredge. Atthistime giventhattheheightof
planeis0,fromwhichtheshapeisdroppedoffup

outer edge, its amount of displacement is a minus v
(roll-off), and when the shape is flipped up, its a
displacement is a plus value (roll-up). Further, t

the absolute values of roll-off and roll-up are, th
theflatnesseveninthevicinityoftheoutermost

is assessed.

[0008] Asshownin Patent Document 1, inthe case w
surface of a silicon wafer is polished by use of a

liquid composed of an alkaline aqueous solution wit
abrasive grains, but containing a water-soluble sil
component, the polishing liquid flows in from the o
circumference to the center of the silicon wafer du
polishingprocessing. Therefore,alargequantity
agueoussolutionhavingasignificantamountofetc
touchestheoutercircumferentialportionmorethan
portionofthewafer. Therefore,apolishingrate

the outer circumferential edge of the silicon wafer
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andthe control ofroll-offinthe region of 3mmo
thewaferouter circumferentialedgeisimperfecti

way as a case of CMP using a polishing liquid conta
abrasivegrains. Furtherdependingoranalkalic
changeduringpolishingprocessing, thesilicateco

the polishing liquidisturnedintoagel, and this
asafreeabrasive grainincolloidalsilica, which

process damage or cause a defect caused by a proces
[0009] Further, in recent years, it has been desire
provide a silicon wafer in which not only the surfa

but also the rear surface side of the silicon wafer
mirror-surface polished, and double-side polishing
simultaneously polishing the wafer surface and rear
hasbeenexecutedbyuseofapolishingliquidcont

abrasive grains in a rough polishing process.

As a double-side polishing device, in recent years

double-sidepolishingforsimultaneouslypolishing
andtherear surface of the silicon wafer so asto
carrier plate withanupper surface plate and alow
plate on which abrasive cloths are pasted in a stat

asiliconwaferishousedinacarrierplate hasbe

In the case where such a double-side polishing dev
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the rear surface of the silicon wafer are polished
thickness of a silicon wafer becomes a thickness wh
equivalenttoorlessthanthethicknessofthecar
the polishing itself onto the wafer outer circumfer
portionbytheabrasiveclothsisinhibitedbythe
thereby it is possible to reduce roll-off.

However, because the carrier plate itself is polis
theexchangefrequencyofthecarrierplateisincr
bringsabouttheconcernoftheproblemofincreasi

costs.

[0010] Then, as a result of intensive research, the

inventors have found that, provided that the surfac
waferis polishedwhile supplyingapolishing liqui
awater-solublepolymerisaddedtoanalkalineaqu

with no free abrasive grains by use of hard abrasiv
polyurethane or the like in rough polishing of a su
asiliconwafer,itispossibletokeepthehighpo

anditis possibletoarbitrarily control theroll-

of the outer circumferential portion of the silicon
adjustingtheconcentrationofthewater-solublepo

to be able to reduce the roll-off amount, and succe
completed this invention.

[0011] An object of the present invention is to pro
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a method for polishing silicon wafers, which is cap
polishingasurfacetobepolishedofasiliconwaf
polishing rate, and achieving control of the flatne

wafer outer circumferential portion including roll-
roll-up, and to provide a polishing liquid for the
Means for Solving the Problems

[0012] A first aspect in accordance with the presen
invention provides a method for polishing silicon w
including the steps of rough polishing at least the
serving as a surface to be polished between a surfa
rear surface of the silicon wafer so as to relative
asiliconwaferandanabrasiveclothwhilesupplyi
liquidinwhichawater-solublepolymerisaddedto
agueous solution with no free abrasive grains to th
abrasive cloth, and applying final polishing on at

rough polished surface of the silicon wafer.

[0013] A second aspect in accordance with the prese
invention provides a method for polishing silicon w
including the steps of rough polishing at least the
serving as a surface to be polished between a surfa
rear surface of the silicon wafer so as to relative

a silicon wafer and an abrasive cloth, and applying

polishingonatleasttheroughpolishedsurfaceof
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waferaftertheroughpolishing,themethodinwhic
polishingissplitintoafirst-steppolishingwhic

out while supplying a first-step polishing liquid i
water-solublepolymerisaddedtoanalkalineaqueo

with no free abrasive grains to the abrasive cloth,
second-step polishing which is carried out while su
second-steppolishingliquidinwhichawater-solub
isaddedtoanalkalineaqueoussolutionwithnofr

grains to the abrasive cloth after the first-step p

and concentration of the water-soluble polymer in t
second-step polishing liquid is made higher than th
concentration of the water-soluble polymerinthe f

polishing liquid.

[0014] A third aspect in accordance with the presen
invention provides the method for polishing silicon
according to the first aspect or the second aspect,

the water-soluble polymer is one type or several ty

among non-ionic system polymers and monomers, or on
severaltypesfromamonganionicsystempolymersan

[0015] A fourth aspect in accordance with the prese
invention provides the method for polishing silicon

accordingahethirdaspectjrwhichthewater-s

is hydroxyethyl cellulose.
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[0016] A fifth aspect in accordance with the presen
invention provides the method for polishing silicon
accordingtothefourthaspect,inwhichthe concen

the hydroxyethyl cellulose inthe polishing liquid

to 1000 ppm.

[0017] A sixth aspect in accordance with the presen
invention provides the method for polishing silicon
according to the first aspect or the second aspect,

the alkaline aqueous solutionisadjustedto pH8to
thealkalineaqueoussolutionisthealkalineaqueo

towhich any of basicammonium salt, basic potassic
basicsodiumsaltisaddedasanalkalineagent,or

carbonate aqueous solution, or an alkaline aqueous

to which an amine is added.

[0018] A seventh aspect in accordance with the pres
invention provides the method for polishing silicon
according to the first aspect or the second aspect,

the abrasive cloth is composed of a nonwoven cloth
polyester, or is made of polyurethane.

[0019] An eighth aspect in accordance with the pres
invention provides the method for polishing silicon
according to the first aspect or the second aspect,

the rough polishing simultaneously polishes the sur
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the rear surface of the silicon wafer with a double
polishing device which includes a carrier plate in
silicon wafer is housed, and an upper surface plate

the abrasive cloth is pasted on a lower surface and
surface plate in which the abrasive cloth is pasted
surface, which holds the carrier plate from above a
therebetween.

[0020] A ninth aspect in accordance with the presen
invention provides the method for polishing silicon
accordingtothe eighthaspect,inwhich polishing
outsuchthatathicknessofthesiliconwaferafte
polishingismadethickerthanathicknessofthec

[0021] A tenth aspect in accordance with the presen
inventionprovidesapolishingliquidwhichisused

of rough polishing at least the surface serving as
tobepolishedbetweenasurfaceandarearsurface

wafer, in which an alkaline aqueous solution with n
abrasivegrainsservesasabasecompound,andawa
polymer is added to the alkaline aqueous solution.
[0022] Aneleventh aspectinaccordance with the pr
inventionprovidesthepolishingliquidaccordingt

aspect, inwhichthe alkaline agueous solutionisa

pH8 to pH13, the alkaline aqueous solution is the a
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agueous solution to which any of basic ammonium sal t, basic

potassic salt, and basic sodium saltis added as an alkaline
agent,oranalkalinecarbonateaqueoussolution,o ranalkaline
agueous solution to which an amine is added, and th e
water-soluble polymeris onetype or severaltypes fromamong
non-ionicsystempolymersandmonomers,oronetype orseveral
types from among anionic system polymers and monome rs.

[0023] A twelfth aspect in accordance with the pres ent
inventionprovidesthepolishingliquidaccordingt othetenth
aspecbitheeleventhaspectjnvhichthewater-s olublepolymer

is hydroxyethyl cellulose.

[0024] Athirteenthaspectinaccordancewiththep resent
inventionprovidesthepolishingiquidaccordingt ahetwelfth
aspectjnwhichtheconcentrationothehydroxyet hykellulose

in the alkaline aqueous solution is adjusted to be within a

range of concentration from 0.1 ppm to 1000 ppm.

Advantageous Effect of the Invention

[0025] Inaccordancewiththemethodforpolishing silicon
wafers and a polishing liquid for the method of the present
invention, itis possibletoreduceroll-offofaw aferouter
circumferential portion while keeping a high polish ingrate,
whichresultsinmaking capableflathess (ROA) cont rolofthe
wafer outer circumferential portion including roll- off and

12



roll-up. Further, it is possible to reduce generat ion of
process damage and defectgenerationcausedbyapr ocesssuch
asmicro-scratchingcausedbyanaggregationofabr asivegrains.

Brief Description of the Drawings

[0026] Fig.lisaperspectiveviewofanon-sunge arsystem
double-side polishing device, whichis used foram ethod for
polishingsiliconwafersofExamplelaccordingto thepresent
invention.

Fig. 2 is a major part longitudinal sectional view of
the non-sun gear system double-side polishing devic e, which
isusedforthe methodforpolishingsiliconwafers ofExample

1 according to the present invention.

Fig. 3 is a graph showing the shapes of outer

circumferential portions ofthe siliconwafers corr esponding
totheadditiveamountsofawater-solublepolymer withrespect
tosiliconwafers,whichare secondary-polished by themethod
for polishing silicon wafers of Example 1 according to the

present invention.

Fig. 4 is a graph showing a relationship between t he
additive amounts of hydroxyethyl cellulose into a polishing
liquidandthepolishingratesofthesiliconwafer inthemethod
for polishing silicon wafers of Example 1 according to the

present invention.

13



Fig. 5 is a graph showing the shapes of the outer

circumferential portions ofthe siliconwafers corr
totheadditiveamountsofawater-solublepolymer
tosiliconwafers,whicharetertiary-polishedbya
polishingsiliconwafersofExample2accordingto
invention.
Description of Symbols
[0027] 10 ... Double-side polishing device,

11 ... Silicon wafer,

15 ... Abrasive cloth,

110 ... Carrier plate,

120 ... Upper surface plate,

130 ... Lower surface plate
Best Modes for Carrying Out the Invention
[0028] Amethodforpolishingsiliconwafersofthe
invention includes the processes of rough polishing
thesurfaceservingasasurfacetobepolishedbet
and a rear surface of the silicon wafer so as to re
rotate asiliconwaferandthe abrasive clothwhile
a polishing liquid in which a water-soluble polymer
to an alkaline aqueous solution with no free abrasi
to a hard abrasive cloth, and applying final polish

least the rough polished surface of the silicon waf
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[0029] Further, another method for polishing silico n

wafersofthepresentinventionincludestheproces sesofrough
polishingateasthesurfaceservingasasurface tobepolished
between a surface and a rear surface of the silicon wafer so
astorelativelyrotateasiliconwaferandtheabr asivecloth,
and applying final polishing on at least the rough polished
surface of the silicon wafer, the method in which t he rough
polishingissplitintoafirst-steppolishingwhic hiscarried

out while supplying a first-step polishing liquid i nwhich a
water-solublepolymerisaddedtoanalkalineaqueo ussolution
with no free abrasive grains to the abrasive cloth ,and a
second-step polishing which is carried out while su pplying a
second-steppolishingliquidinwhichawater-solub lepolymer
isaddedtoanalkalineaqueoussolutionwithnofr eeabrasive
grains totheabrasive clothafterthefirst-step polishing,
and concentration of the water-soluble polymer in t he
second-step polishing liquid is made higher than th e
concentration of the water-soluble polymerinthe f irst-step
polishing liquid.

[0030] According to these methods for polishing sil icon
wafers of the present invention, due to an etching action by
thealkalineaqueoussolutionandanetchinginhibi tiveaction
onto a silicon wafer outer circumferential portion by the

15



water-soluble polymer, it is possible to reduce rol
the wafer outer circumferential portion while keepi
polishingrate,whichresultsinmakingcapablefla
control of the wafer outer circumferential portion
roll-off and roll-up.
Further, in a conventional polishing method using
polishingliquidcontainingfreeabrasivegrains,r
the wafer outer circumferential portion is accelera
accordingtotheprogressofpolishing. Meanwhile,
ofthisinvention, forexample, by extendingapoli
to increase the amount of polishing, it is possible
thewaferoutercircumferentialportionintoaroll
Therefore, for example, roll-off of a wafer outer
circumferential portion in final polishing may be a
achieveanidealflatshapeonanoutercircumferen
of a product wafer.
[0031] Inaddition agthereasonforreductionin
it is presumed that the following phenomenon may oc
Becausethewater-solublepolymerinthepolishing
is absorbed to the surface of the silicon wafer dur
polishing processing, the wafer surface comes to be
withthewater-soluble polymer. However,becauset

membrane formed on the surface to be polished (the
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bepolished)iseliminatedbytheabrasivecloth,a ndthesurface

to be polished from which the polymer membraneis e liminated
isareactionactive hydrophilicsurface,chemical etchingis
carried out by the alkaline aqueous solution. It ¢ an be
considered thatthe polishing progresses by repeate d polymer
absorption, eliminationofthe polymermembrane,an dalkaline
etching. Then, because the polishing liquid flows from the
wafer outer edge toward the center, and a large qua ntity of
polishingliquidissuppliedtothewaferoutercir cumferential
portiorascomparedwiththewafercentraportion, thepolishing
progressesinastateinwhichtheamountofformat ionofpolymer
membrane to be formed is made larger than the amoun t of
eliminationofpolymemembranetobeeliminatedby theabrasive
clothinthewaferoutercircumferentialportion. listhereby

presumed that an etching reaction on the wafer oute

circumferential portion is inhibited, to reduce a r oll-off
amount.

[0032] Inthe method for polishing silicon wafers o fthe
presentinvention, an alkaline aqueous solution wit hno free
abrasivegrainsisusedasapolishingliquid. Her e,theterm
the “alkaline aqueous solution with no free abrasiv egrains”
means an alkaline aqueous in which free abrasive gr ains such
ascolloidakilica(abrasivegrains) diamondabra sivegrains,

17



oraluminaabrasivegrainsarenotmixedintoanal kalineaqueous

solutionservingasabasecompoundinapolishing liquid. With
this,thesurfacetobepolishedofasiliconwafer ispolished
mainlybyachemicalaction. Therefore,itisposs ibletoavoid
generation of process damage by a chemical action s uch as
conventionapolishingusingfreeabrasivegrains. Inaddition,
because the polishing does not use free abrasive gr ains, it
is possible to reduce defect generation caused by a process
suchasmicro-scratchingcausedbyanaggregationo fabrasive
grains.

[0033] As an alkaline aqueous solution, one which i

adjusted to be within a range from pH8 to pH13 is u sed. As
a result, defects caused by a process such as scrat ching or
scarringarenotgeneratedonthesurfaceofthesi liconwafer,
itis easytohandle the polishingliquid, and iti spossible
toobtainahighpolishing(etching)rateofthesi liconwafer.
Inacasewherethealkalineaqueoussolutionisle ssthanpHS8,
aretchingactionbecomestodow whichmakesite asytogenerate
defects caused by aprocesssuchasscratchingors carringon
thesurfaceofthesiliconwafer. Further,inaca seofbeing
higher than pH13 such as a strongly basic aqueous s olution,

it is difficult to handle the polishing liquid.

AsanalkalineagentpHadjuster)orthealkalin eaqueous

18



solution, for example, an alkaline aqueous solution
anyofbasicammoniumsalt basicpotassicsaltan

saltis added, or an alkaline carbonate aqueous sol

an alkaline aqueous solution to which an amine is a

Otherwise, an aqueous solution of hydrazine or amin

adopted. Fromthe standpointofincreasingapolis

it is preferable that ammonia-free alkali, particul

amine is used.
Thecontentofthealkalineagentinthealkaline

solution is 100 to 1000 ppm. When it is less than

theetchingforce ontothe surface ofthesiliconw

alkalineagentisnotsufficient,andittakesalo

polishingthesiliconwafertoapredeterminedthic

itis over 1000 ppm, itis difficult to handle the

liquid itself, and further, surface roughness is ea

generated onthewafersurface by anexcessetching

[0034] Furtherastheotheraspectothepresent

the rough polishing may be splitinto a first-step

usingafirst-steppolishingliquidandasecond-st

usingasecond-steppolishingliquid,andconcentra

water-soluble polymerinthesecond-steppolishing

be made higher than the concentration of the water-

polymer in the first-step polishing liquid.
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[0035] That is, because higher productivity is requ
forrough polishing, itisnecessaryto polishsili

under a polishing condition in which a polishing ra
increased as high as possible. Accordingly, by low
concentration of the water-soluble polymerinthe f
polishingliquidusedforfirst-steppolishingcarr

the beginning of the start of polishing, it is poss
increase the polishing rate. Then, after the first
polishing, by executing the second-step polishing u
second-steppolishingliquidinwhichtheconcentra
water-soluble polymerisincreased,itispossible
roll-offfrombeinggeneratedontheoutercircumfe

of the wafer.

Inthisway, afterthefirst-steppolishinginwhi
amountofpolishingisincreasedatahighpolishin
second-steppolishingiscarriedoutontothepolis
ofthesiliconwaferorwhichthefirst-steppolish
out by use of the second-step polishing liquid in w
additive amount of the water-soluble polymer is inc
Therefore, a polishing time of the silicon wafer on
roll-off of the outer circumferential portion is re
shortened, whichmakesitpossibletoimprove produ

mirrored silicon wafers.
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[0036] Theconcentrationofthewater-soluble polym

polishindiquidusedforthefirst-steppolishing

10 ppm or less, which makes it possible to polish a

wafer while keeping a high polishing rate without i

the etching action by the alkaline aqueous solution
The polishing condition for the second-step polish

may be the same as or different from the polishing

for the first-step polishing except for the additiv

of the water-soluble polymer. Further, as a type o

water-soluble polymer, the same type may be used or

maybechangedinthefirst-steppolishingandthe

polishing. Inthe second-step polishing, a polishi

used for the first-step polishing is continuously u

immediately after the first-step polishing, and the

amount of the water-soluble polymer in the polishin

suppliedaheabrasiveclothmaybemerelychange

Further,anotherpolishingdevicedifferentfromth

device used for the first-step polishing may be use

[0037] Asawater-solublepolymer,anionic,non-ion

ampholyticrespectivepolymersandrespectivemonom

Indetail,asawater-soluble polymer, hydroxyethyl

or polyethylene glycols is preferably used. In par

highly-pure hydroxyethyl cellulose is relatively ea
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available, and a polymermembrane is easily formed
surface. Therefore, hydroxyethyl cellulose has
characteristioofhigheffecoinhibitingaret

by alkali. However, among respective types of wate
polymers, one for accelerating etching on a silicon

an alkaline aqueous solution is not suitable. Only
ofwater-soluble polymermay be used, orapluralit

of water-soluble polymers may be used.

[0038] Further, in place of a water-soluble polymer
surface acting agent or aliphatic alcohol may be us
surfaceactingagent,forexample,polyoxyethylene

or the like may be adopted. Further, as aliphatic

for example, polyvinyl alcohol or the like may be a
[0039] The concentration of the water-soluble polym
thepolishingliguidmaybesetwithinarangeofc

from 0.1 ppm to 1000 ppm, and particularly, itis p

to be less than or equal to 100 ppm. In the case w
hydroxyethylcelluloseisadoptedasawater-solubl
itsadditive amountis preferably 100 ppmorless.

addition considerably lowers a polishing rate of th

wafer, which results in lower productivity.

[0040] Asasiliconwafer,forexample,amonocryst

silicon wafer, a polycrystalline silicon wafer, or
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may be adopted. Further, asadiameter ofthe sili

for example, 100 mm, 125 mm, 150 mm, 200 mm, 300 mm
or the like may be cited.

[0041] Asasiliconwafertoberoughpolished,as
waferinwhichnooxidefilmispresentatleaston

serving as a surface to be polished between the sur
therearsurfaceisused. Thisisbecause, usually
oxide film of approximately 5to 20 A is present on
ofasiliconwaferbeforearoughpolishingprocess
itdifficulttoeliminatethenativeoxidefilmby

agueous solution with no free abrasive grains.

For eliminating the native oxide film, a method fo
eliminating native oxide film by etching processing
solution such as hydrofluoric acid, a method for el
native oxide film by polishing processing using a p
liquid containing free abrasive grains, or the like
adoptedbefore carryingoutrough polishing. Inad
thecasewherethenativeoxidefilmiseliminated
processing using a polishing liquid containing free
grains notonlythenativeoxidefilm butalsath
maybepolishedsoastoreducetheamountofpolis
polishing.

[0042] A hard material is used as an abrasive cloth
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Thereby,itispossibletoachievereductioninrol [-offamount

oftheoutercircumferentialportionofthesilicon wafer. That
is,becausethepolishingprocessingiscarriedout inastate
inwvhichthesiliconwaferispressedagainstthea brasivecloth,
given that a soft abrasive cloth is used, the silic on wafer
issubductedintotheabrasivecloth,andtheactio nofreaction
forcebywhichtheabrasiveclothtriestaturnbac kgetsstronger
onthewaferoutercircumferentialportion,whichm akesiteasy
to cause roll-off. Further, with a hard abrasive c loth, it
is possible to extrude the water-soluble polymer ab sorbedto
the surface to be polished of the silicon wafer in the wafer
outercircumferentialdirection,toefficientlyeli minateit,
which makes it possible to keep the high polishing rate and
improve the quality of the surface roughness of the silicon
wafer.

As ahard abrasive cloth, an abrasive clothcompos ed of
anonwoven cloth made of polyester, an abrasive clo thmade of
polyurethane, or the like may be cited. In particu lar, an
abrasive cloth made of polyurethane foam, whichis excellent
in accuracy of mirror-finish onto the surface to be polished
ofthe siliconwafer, isdesirable. Forexample, i nthe case
where an abrasive cloth made of suede which is soft and easy
totracktheoutercircumferentialshape ofthesil iconwafer,
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whichmaybe usedforfinal polishing,isused, etc
wafer outer circumferential portion is accelerated,
results in roll-off.

[0043] Asaspecifichardabrasivecloth,itispre

to adopt an abrasive cloth of 70 to 90 as Shore-D h
specifiedbyJISK6253-1997/ISO7619,andwithcom

of 1to 5%, in particular, 2to 3%. Inacase ofb

than 70 as Shore-D hardness, during polishing, the
liquidisinhibitedfromflowingintotheoutercir

portion of the silicon wafer, to reduce the amount
water-soluble polymer of the outer circumferential
thereby increasing the polishing rate of 3 mm from
circumferentialedgeofthesiliconwafer,whichma
tocauseroll-offofthewaferoutercircumferentia
Further,inacaseofbeinghigherthan90asShore

it is easy to cause a polishing flaw on the wafer s
[0044] Lappingis carried out by relatively rotatin
silicon wafer and the abrasive cloth. The term “re
rotating” means rotating the silicon wafer, rotatin
abrasive cloth, orrotating both of the silicon waf
abrasivecloth. Therotationaldirectionsofthes

and the abrasive cloth are arbitrary. For example,

rotational directions of the silicon wafer and the
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cloth in the case where both are rotated may be the same or

different from each other.

[0045] The polishing rate of the silicon waferinr ough
polishing is preferably 0.05to 1 pum per minute. Given that
thepolishingrateidowerthan0.05 pmpeminute thepolishing
rateislow,andittakesalongtimeforpolishing . Further,
giventhatthe polishing rate is higherthan 1 um per minute,
iiseasytocausesurfaceroughnessothesilico nwafersurface

by the highly-concentrated alkali.

The rotation speed of the silicon wafer, the rotat ion
speed of the abrasive cloth, the polishing pressure ,andthe
like may be set to be within a range of the above-d escribed
polishing rates, and for example, the rotation spee dsofthe
silicon wafer and the abrasive cloth may be setto be within
arange of 5to 30 rpm, and the polishing pressure may be set

to be within a range of 50 to 500g per cm

Inaddition, the amount of polishing by rough poli shing
maybesetinconsiderationofadesiredsiliconwa ferthickness,
andis basically setto be withinarange of severa lhundreds

ofnmto 10 um per minute. The amount of polishing by final
polishingcarriedoutafterroughpolishingisset tobewithin
a range less than or equal to 500 nm at a maximum.

[0046] In rough polishing of the silicon wafer, a
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single-wafertypepolishingdevicemaybeused,or
polishing device that simultaneously polishes aplu
siliconwafersmaybeused. Theroughpolishingma
polishing only onto the surface or double-side poli
simultaneously polishing the wafer surface and rear

In particular, for simultaneously rough polishing
wafersurfaceandrearsurface itispreferableto
byuseofadouble-sidepolishingdevicewhichise
acarrierplateinwhichasiliconwaferishoused,
surfaceplateandalowersurfaceplateonwhichab
inserting the carrier plate from above and below ar
onthe respective opposed surfaces. Thereby, itis
toachievehighflatteningnotonlythewafersurfa
the wafer rear surface by one polishing processing,
effective for providing mirrored silicon wafers at
andofhighflatness. Theabrasiveclothontheup
plate and the abrasive cloth on the lower surface p
be made of the same material, or may be made of dif
materials.
[0047] Atthetime of carrying out double-side poli
onto the surface and the rear surface of a silicon
use of a polishing liquid with no free abrasive gra

preferabletopolishthesiliconwafersuchthatth
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ofthesiliconwaferafterroughpolishingismade thickerthan

thethicknessofthecarrierplate. Thereby,polis hingofthe
carrier plate bythe abrasive clothisinhibited, w hichmakes
it possible to prevent deterioration of the carrier plate.
Additionally, during polishing processing, vibratio n of the
waferandthecarrierplateisdampened,whichmake sitpossible

to prevent the wafer from jumping out of the carrie r plate.

As this double-side polishing device, a sun-gear
(planetarygear)systemdevice,oranon-sungears ystemdevice
whichcausesthecarriemplatetocauseacircular motionwithout

self-rotation may be adopted.

[0048] The polishing liquid is used at the time of rough
polishingateasthesurfaceservingasasurface tobepolished
between the surface and the rear surface of a silic on wafer,
andinwhichanalkalineaqueoussolutionwithnof reeabrasive
grains servesasabase compound, and awater-solub le polymer

is added to the alkaline agueous solution.

Becausethepolishindiquidcontainghealkaline agueous
solutionwithnofreeabrasivegrainsservingasa basecompound,
the surface to be polished of the silicon wafer is polished
mainly by a chemical action. As a result, itis po ssible to
avoid generation of process damage by a mechanical actionas
conventional polishing using free abrasive grains, anditis
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possibletoreduce defectgenerationcausedbyapr
asmicro-scratchingcausedbyanaggregationofabr

[0049] Further, in the polishing liquid, the alkali
agueous solutionis adjustedto pH8to pH13,and an
ammonium salt, basic potassic salt, and basic sodiu
added to the alkaline aqueous solution as an alkali

and the alkaline aqueous solution is an alkaline ca

agueoussolution, oranalkalineaqueoussolutiont

amine is added. The water-soluble polymer is prefe

composedofonetypeorseveraltypesfromamongno

polymersandmonomers,oronetypeorseveraltypes

anionic system polymers and monomers. With this, d

caused by a process such as scratching or scarring
generated on the surface of the silicon wafer, iti

handle the polishing liquid, and it is possible to

high polishing (etching) rate of the silicon wafer.
[0050] Thecontentotthealkalinecomponeninthe
agueous solution is preferably setto 100 to 1000 p

it is less than 100 ppm, the etching force onto the

of the silicon wafer by the alkali is not sufficien

takes a long time for polishing the silicon wafer t
predetermined thickness. When it is over 1000 ppm,

difficulttohandlethe polishingliquiditself,an
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surfaceroughnessis easily generated onthe wafer
an excess etching reaction.

[0051] As a water-soluble polymer, it is particular
preferable to contain hydroxyethyl cellulose. High
hydroxyethyl cellulose is relatively easily availab
polymemembraneiseasilyformedonawafersurfac
hydroxyethylcellulosehasthecharacteristicofa

of inhibiting an etching reaction by alkali.

[0052] Theconcentrationofthehydroxyethylcellul
the polishing liquid is preferably set within a ran
concentration from 0.1 ppm to 1000 ppm. It is extr
difficultomanagedailytheconcentrationotthe

polymer in the polishing liquid to be within a rang
concentration less than 0.1 ppm, and when the conce
is over 1000 ppm, the polishing rate of the silicon
considerably lowered. Additionally, the siliconwa
circumferentialportionisexcessivelyrolledup,w
itnecessarytoconsiderablyincreasetheamountof

by final polishing carried out after rough polishin
[0053] Further fromthestandpointofelimination
ions contained in the polishing liquid, it is prefe

add a chelate agent into the polishing liquid. By

of a chelate agent, metal ions are captured to be ¢
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and thereatfter, this is discarded, thereby itis po ssibleto

reduce the level of metallic pollution of the silic on wafer
after polishing. As a chelate agent, any substance having a
chelating ability with respect to metal ions may be used.
Chelationmeansbond ( coordination) tometalionsbyaligand

having a plurality of coordination positions.

Moreover, final polishing is applied on at least t he
surface of the rough polished silicon wafer. The ¢ ondition
for that is not particularly limited. A single-waf er type
polishingdevicemaybeused, orabatchtypepolis hingdevice
which simultaneously polishes a plurality of silico n wafers
may be used. The final polishing may be one-side p olishing

only onto the surface or double-side polishing for

simultaneously polishing the wafer surface and rear surface.
[0054] As a type of the chelate agent, for example, a
phosphonate system chelate agent, an aminocarboxylic acid
system chelate agent, or the like may be adopted. However,
in view of the solubility thereof in the alkaline a gueous
solution, an aminocarboxylic acid system chelate agent is

favorable. Moreover, in view of a chelating abilit y with
respecttoheavy-metalions,aminocarboxylatesuch asethylene
diaminetetraaceticacid (Ethylene Diamine Tetraace ticAcid)
ordiethylene triamine pentaacetic acid (Diethylene Triamine
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Pentaacetic Acid) is more favorable. Otherwise,

nitrilotriacetic acid (NTA) as well may be used. A

agentispreferablyaddedwithinarangeofconcent

0.1 ppmto 1000 ppm, thereby, itis possible to cap

ions such as Cu, Zn, Fe, Cr, Ni, or Al.

[0055] Hereinafter, examples of this invention will

described in detail. Here, a method for manufactur

double-side polished silicon wafer whose surface an

surface are polished, and a polishing liquid for th

will be described.

Example 1

[0056] Amethodomolishingsiliconwafersanda

liquidthereforaccordingtoExampleloftheprese

willbe described. InExample 1,therough polishi

isspliintatwostepstobecarriedout. Asapr

process, the polishing was carried out by use of a

liquid containing free abrasive grainsin orderto

a native oxide film present on the wafer surface, a

secondary polishingprocess, the polishingwascarr

useofapolishingliquidwithnofreeabrasivegra

to achieve flattening of the silicon wafer.
Thedouble-sidepolishedsiliconwaferwhosesurfa

rear surface are mirror-surface polished is manufac
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through the following respective processes.

Thatis,amonocrystallinesiliconingotwithadi ameter
of306 mm, alengthofitsstraightbody of2500mm ,aspecific
resistance of 0.01 Q-cm, andinitial oxygen concentration of

1.0 x10*8atoms/cm 3is pulled up by the Czochralski method from
ameltingliquidforsilicondopedwithapredeterm inedamount

of boron in a crucible.

[0057] Next, afterthe one monocrystalline silicon ingot
iscutintoaplurality ofcrystallineblocks, grin dingofthe
outer circumferences of the respective crystalline blocksis
carried out. Next, a large number of silicon wafer s with a
diameter of 300 mm and a thickness of 775 pum are sliced from
asiliconmonocrystalbythree groovedrollerwireswhichare

triangularly-arranged.

Thereafter, a chamfering grinding stone in rotatio nis
pressedagainstheoutercircumferentialportiono thesilicon
waferto carry outchamfering, and next, both surfa cesofthe
silicon wafer are simultaneously lapped with a doub le-side
lappingdevice. Next, the siliconwaferafterthe lappingis
dipped in an acid etching solution in an etching ta nk to be
etched, thereby eliminating damage by the chamferin gandthe
lapping.  Thereafter, primary polishing and seconda ry
polishing are sequentially applied onto the surface and the
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rear surface of the silicon wafer.

[0058] Intheprimarypolishingprocess,primarypo
is simultaneously carried out onto the surface and
surfaceofthesiliconwaferbyuseofaprimarypo

by using a non-sun gear system double-side polishin
10. AprimarypolishindiquidofjpH10containing
0f0.08%byweight,whichcontainscolloidalsilica
(free abrasive grains) with an average particle dia
70nm, of 5% by weight is used. With this, the nati
filmsformedonthesurfaceandtherearsurfaceof
waferareeliminatedmainlybyamechanicalaction

abrasive grains.

[0059] Hereinafter, the non-sun gear system double-

polishingdevice10willbedescribedindetailwit

to Figs. 1 and 2.

As shown in Figs. 1 and 2, an upper surface plate

ofthe double-side polishing device 10isdrivento
ahorizontalplanebyanuppersiderotarymotorl6
shaft 12a extended upward. Further, the upper surf
120isliftedupanddowninaverticaldirectionb

and lowering device 18 that moves it forward and ba
a direction of axis. The lifting and lowering devi

usedatthetime of supplyingand discharging asil
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11 to and from a carrier plate 110. In addition, p
pressure ontothe surface andthe rear surface oft
waferllfromtheuppersurfaceplate120andthel
plate 130 is 300 g/cm
pressurizingmeansofanair-bagsystemorthelike
builtintheuppersurfaceplate120andthelower
130. The lower surface plate 130is rotatedinah
plane by alower side rotary motor 17 viaan output
thereof. Thecarrierplate 110hasathickness of
causes a circular motion in a plane parallel to the
oftheplatel10(horizontalplane)byacarrierci
mechanism 19 such that the plate 110 itself does no
[0060] The carrier circular motion mechanism 19 has
ring-likecarrierholder20holdingthecarrierpla
theoutside. Thecarriercircularmotionmechanism
carrietolder20areinterlockedviaaninterlocki
Fourbearings20bprojectingoutwardaredisposed
90°atthe outercircumferentialportionofthecarrie
20. Leadingend portions ofeccentricshafts24ap
project at eccentric positions on the upper surface
small-diameteranddiscshapedeccentricarms24ar
inserted into the respective bearings 20b. Further

shafts 24b are installed vertically to the central
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oftherespectivebottomsurfacesofthesefourecc

24. The respective rotary shafts 24b are rotatably
into four bearings 25a in total disposed at every 9
ring-like device base body 25, so as to respectivel
theirleadingend portionsdownward. Sprockets26
fixed respectively to the leading end portions proj
downward,oftherespectiverotaryshafts24b. At

27 is, as a string in a horizontal state, bridged o
respectivesprockets26. Thesefoursprockets26a
chain27simultaneouslyrotatethefourrotaryshaf
thatthefoureccentricarms24synchronouslycause

motion.

[0061] Amongthefourrotary shafts24b,onerotary

24b is formed longer, and its leading end portion p
downwardfromthesprocket26. Agear28forpower
is firmly fixed to this portion. The gear 28 is ge
alarge-diameter gear 30fordrivingwhichisfirml
the output shaft extended upward of a circular moti
29.

Accordingly whenthecirculammotionmotor29is
itstorque istransmitted tothe timing chain 27 se
through the gears 30 and 28, and the sprocket 26 fi

to the longer rotary shaft 24b. Due to the timing
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cycling, the four eccentric arms 24 synchronously r

the horizontal plane centering on the rotary shafts

the otherthree sprockets 26. Thereby, the carrier

collectivelyinterlockedwiththerespectiveeccent

24a,thatisthecarrierplate 110heldbythehold

acircularmotionwithoutself-rotationinthehori

parallel to the plate 110.

[0062] Thatisthecarrierplatel10circleswhile

a state of being eccentric by a distant L from a sh

e of the upper surface plate 120 and the lower surf

130. The abrasive cloths 15 made of urethane foam

80 as Shore-D hardness and with compressibility of

pastedontherespectiveopposedsurfacesofboths

120 and 130.
TheaforementioneddistanceListhesameasthed

betweentheeccentricshaft24aandtherotaryshaf

thepointsonthecarriemplatel 10drawasmallro

of the same size (radius r) by the circular motion

self-rotation. Thereby,thesimultaneousdouble-si

polishingwascarriedoutsuchthatthesiliconwaf

inawaferhousingportion1laformedinthecarrie

hastheamountofpolishingof0.5

sides) bysettingtherotationaldirectionsofboth
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surfaceplates120and130opposed,andadjustingt

speedofthepolishingsurfaceplates120and130,

pressure(300g/cm

this double-side primary polishing, the primary pol

processing was carried out for three minutes while

a primary polishing liquid of pH10 in which colloid

particles with an average particle diameter of 70nm

5% by weight are added to a KOH solution of 0.08% b

to both abrasive cloths 15 at 9 liters per minute.

[0063] In this way, the polishing solution in which

KOHsolutioncontainingfreeabrasivegrainsisadd

as a polishing liquid for primary polishing. There

a pretreatment before the secondary polishing witho

interventiorofreeabrasivegrainsjigpossibl

therespectivenativeoxidefilmsofapproximately

on the surface and the rear surface of the silicon

forashortimemainlybyamechanicalctionot

grains. Thereby, it is possible to perform mirror-

polishingusingapiperidinesolutionwhichwillbe

later at a high polishing rate in secondary polishi
Thatis,inprimarypolishingcarriedoutafterth

ofapredeterminedtimeafteretching,generally,a

film is present on the wafer surface. It is diffic
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eliminate the native oxide film by only chemical se
polishingwithnofreeabrasivegrains. Therefore,
polishing using the free abrasive grains was applie
thesecondarypolishing,makingitpossibletoshor
foreliminatingthenativeoxidefilm andprevent

in productivity of the mirror-polished silicon wafe
[0064] Next, secondary polishingis carried outont
surface and the rear surface of the silicon wafer 1

of a secondary polishing liquid with no abrasive gr
detail, the surface andtherear surface ofthe sil

11 are secondarily polished (mirror-polished) by us
secondary polishing liquid of pH10.5 in which hydro

cellulose(HEC;water-solublepolymer)ofl

condary
theprimary
d before
tenthetime
deterioration
rs 11.
othe
1 by use
ains. In
iconwafer
e of a

xyethyl

%102 %byweight(10

ppm) is added to a piperidine solution with no free abrasive
grainsandof0.08%byweight,byusingthenon-sun gearsystem
double-sidepolishingdevicelOusedfortheprimar ypolishing.
Thatis, the simultaneous double-side secondary pol ishingis
carriedoutsuchthatthesiliconwafer11lhousedi nthewafer
housing portion 11a of the carrier plate 110 has th e amount
of polishing of 5 pUm on one side (10 um on both sides) at a
polishingrate of0.5 um per minute by setting the rotational
directionsofbothpolishingsurfaceplates120and 130opposed,
and adjusting the rotational speed of the polishing surface
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plates120and130,thepolishingpressure,thepol ishingtime,
andthelike. Duringthissecondarypolishing, the secondary
polishingliquidis suppliedto both abrasive cloth s15. The
other polishing conditions are the same as those in the case
of primary polishing. Inaddition, because the thi ckness of
thecarrierplate110is750 um,andthethicknessofthesilicon
waferlOaftersecondarypolishingis764 um,thesiliconwafer

10 maintains a state in which the silicon wafer 10 isthicker
than the carrier plate even after the rough polishi ng.
[0065] In this way, the silicon wafer 11 from which the
native oxide films are eliminated and the abrasive cloths 15
arerelativelyrotatedwhilesupplyingthesecondar ypolishing
liquidrnwhichhydroxyethykelluloseisaddedo thepiperidine
solution with no free abrasive grains to the abrasi ve cloth,
topolishthesurfaceandtherearsurfaceofthes iliconwafer
11by5 upmonone side. Atthistime, the abrasive cloths 1

are pressed against the surface and the rear surfac e of the
siliconwafer 11 by the action of polishing pressur e,andthe
hydroxyethyl cellulose membrane in the polishing li quid
adheringtothesurfacesofthesiliconwafer1lis takenaway
from the surface to be polished of the silicon wafe ril,and
thepolishingprogressesinthatstateinwhichthe hydroxyethyl
celluloseadherestotheoutercircumferential port ionofthe
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siliconwafer1l. Therefore,thesurfaceandther earsurface

ofthe silicon wafer 11 are polished ata high poli shingrate
of0.5 pmperminutewhilekeepinghighflatnessbyanetch ing
action of the alkaline agueous solution and an acti on of
eliminatinghydroxyethylcellulosebytheabrasive cloths15.
Further,becausethesurfaceandtherearsurface ofthe
siliconwafer 11 are polished mainly by achemical action, it
ispossibletoavoidgenerationofprocessdamageb yamechanical
actionsuchasconventionalpolishingusingreeab rasivegrains.
Inaddition, because the polishingdoes notuse fre eabrasive
grains, itis possible to reduce defect generation caused by
a process such as micro-scratching caused by an agg regation

of abrasive grains.

[0066] Ontheotherhand,becausethehardabrasive cloths
15 made of polyurethane foam are used for the outer
circumferentialedgeofthesiliconwaferll,andh ydroxyethyl
cellulosesaddedntahepolishindiquidthea brasivecloths

15 are always inhibited from adhering to the outer

circumferentialsurface(chamferingplane)ofthes iliconwafer
11 during polishing. Thereby, covering the wafer o uter
circumferentialsurfacewiththehydroxyethylcellu loseinthe
polishingliqguidbecomesaprotectivefilmforthe waferouter
circumferentialsurfacewithrespecttoetching. A saresult,
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thepolishingrateof3mmfromtheoutercircumfer

ofthesiliconwaferllislowered,anditispossi

roll-off of the wafer outer circumferential portion

resultsinmaking capable flatness control ofthew

circumferential portion including roll-off and roll

addition, the reason for that a certain level of ro

allowed to occur on the wafer outer circumferential

isbecauseitispossibletosupposebalancing-out

of the outer circumferential portion of the silicon

in advance in final polishing thereafter.
Incontrastthereto,forexample,inthecasewher

abrasive cloths made of suede are used, the abrasiv

disposed above and below touch the outer circumfere

surfaces of the silicon wafer 11, thereby promoting

ofthe outer circumferential portion ofthe silicon

[0067] Further, because the hydroxyethyl cellulose

adoptedasawater-solublepolymer,apolymemembr

onthe outer circumferential portion ofthe silicon

whichleadstoaneffectthatitispossibletoinh

actionbythepiperidinesolution. Further,thisi

highly-pure, which makes it possible to reduce impu

contamination.

Further, because the concentration of the hydroxye
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celluloseinthe secondary polishing liquidis set
no defect caused by a process is present on the sur
the rear surface of the silicon wafer 11, and itis
to polish the silicon wafer 11 in which roll-off of
outer circumferential portion is reduced, for a sho
Becausethe alkaline aqueous solutionwhichis adj
to be within arange of pH10.5 is adopted, defects
aprocesssuchasscratchingorscarringare notge
the surface ofthe siliconwafer 11, itis easy to
polishingliquid,anditispossibletoobtainahi
rate of the silicon wafer 11.
Further,becauseexpandedpolyurethaneresinisad
as a material of both abrasive cloths 15, it is pos
reducetheroll-offamountoftheoutercircumferen
of the silicon wafer 11.
Thereatfter, final polishingisapplied ontothe su
and the rear surface of the secondary-polished sili
11 under predetermined conditions, and final-cleani
further carried out. Here, SC1 cleaning using an a
solutionandanacidsolutioniscarriedoutontot
silicon wafers 11.
Example 2

[0068] Amethodomolishingsiliconwafersanda
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liquidthereforaccordingtoExample2oftheprese
will be described. In Example 2, the secondary pol
process carried out in the present example is furth
intotwaosteps(first-steppolishingandsecond-ste
to be carried out. The polishing was carried out s
in the secondary polishing (first-step polishing),
concentration of the water-soluble polymer in the p
liquid is set to be a low concentration in order to
thepolishingrateofthesiliconwafer11,andin
polishing (second-step polishing), the concentratio
water-soluble polymer in the polishing liquid is se
high concentration in order to inhibit a roll-off a
the outer circumferential portion of the silicon wa

In the invention of Example 2, secondary polishing
(first-step polishing) which is the same as the sec
polishing in Example 1 is applied except for the po
hydroxyethylcellulose of 1
intothesecondarypolishingliquid,andtheamount
of the surface and the rear surface of the silicon
issetto 4.5 pum on one surface (9
thereafter, the surface to be polished of the silic
11listertiary-polished (second-step polished) by u

tertiary polishing liquid containing high concentra
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hydroxyethylcelluloseascomparedwiththeseconda rypolishing
liquid with respect to the silicon wafer 11.

Specifically, the concentration of hydroxyethyl

cellulose inthe tertiary polishing liquid used for tertiary
polishingissettol %1072 %byweight(100ppm),andtheamount
ofpolishingofthesurfaceandtherearsurfaceof thesilicon
waferllissetto0.5 pmononesurface(1.0 pmonbothsurfaces).
[0069] Inthisway,becausethesecondarypolishing ofthe
amount of polishing of 4.5 pum on one surface of the wafer is
appliedtothesurfaceandtherearsurfaceofthe siliconwafer
11 by use of the secondary polishing liquid in whic h the
concentration of hydroxyethyl cellulose is 1 %107 % by weight
(0.1 ppm), itis possible torough polishthe surfa ceandthe
rearsurface ofthesiliconwafer11latahighpoli shingrate.
Becausethetertiary polishingof0.5 umononesurface ofthe
waferisthereafterappliedtothesurfaceandthe rearsurface
ofthesiliconwaferl1byuseofthetertiarypoli shingliquid

in which the concentration of hydroxyethyl cellulos e is

increasedtol %102 %byweight(100ppm),itispossibletoreduce

roll-off of the outer circumferential portion of th esilicon
wafer 11, whichresultsinmaking capableflatness control of
thewaferoutercircumferentialportionincludingr oll-offand
roll-up. As aresult, a polishing time of the sili con wafer
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11 onwhichroll-off of the outer circumferential p
reduced is shortened, which makes it possible to im
productivityofthedouble-sidemirrorpolishedsil
11.

Inparticular,becausetheconcentrationofhydrox
cellulose usedinthetertiary polishingliquidis
ppm, itis possible to reduce roll-off as low as po
the outer circumferential portion of the silicon wa

Inaddition,becausetheotherconfigurations(inc
the other polishing conditions for tertiary polishi
the action and effect are the same as those in Exam
descriptions thereof will be omitted.
[0070] Next, with reference to the graphs of Figs.
4, and tables 1 and 2, the results of actual applic
primarypolishingcontainingfreeabrasivegrainsa
polishingwithnofreeabrasivegrainsbythepolis
of Example 1 of the present invention and the metho
polishing silicon wafers using the polishing liquid
Examples 1to 5), and by a conventional method for
silicon wafers using a polishing liquid with no hyd
cellulose(ComparisonExamplel)arereported. The
conditions for the Comparison Example 1 conform to

Example 1 in the same way as those in the Test Exam

46

ortionis
prove

iconwafers

yethyl
setto 100
ssible at
fer 11.

luding

ng), and

ple 1,

3and
ation of
ndsecondary
hingliquid
ds for
(Test
polishing
roxyethyl
othertest
those of

ples 1to



Inthe primary polishing process, polishingwasca
out for three minutes while supplying the primary p
liquid containing free abrasive grains (the alkalin
solutioncontainingcolloidalsilicaof5%byweigh
solutionof0.08%byweight)tobothabrasivecloth
per minute, to eliminate the oxide films on the sur
therearsurfaceofthesiliconwafer. Next,inth
polishing process, the surface and the rear surface
silicon wafer were secondarily-polished while suppl
secondary polishing liquid in which hydroxyethyl ce
(hereinaftercalledHEC)of1
toanalkaline aqueous solutionwith no free abrasi

which contains piperidine of 0.08% by weightat 91
cnt.

[0071] In addition, provided that a polishing liqui

containinganalkalineaqueoussolutionwithnofre
grainsandawater-solublepolymerisused,andaw
systembyacarrierplateisadoptedintheseconda
the carrier plate vibrates becausethe siliconwafe
thewaferholdinghole during polishing, whichbrin
thatthesiliconwaferwilljumpoutofthewaferh

during polishing. Then, in the secondary polishing
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secondary polishing is terminated in a state in whi
thickness ofthe siliconwaferisthicker by approx
umthanthethicknessofthecarrierplate. Tablel
ratioofcomponentsinthesecondarypolishingliqu
graphofFig. 3 showsthe shapesofthe outercircu
portions of the silicon wafers after the polishing.
measuringthe shapesoftheoutercircumferentialp
thesiliconwafers,the WaferSightmanufacturedby

Corporation was used.
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[0072] [Table 1]
Polishing . .
Abrasive grains Water-soluble polymer
TEST accelerat_o r (Concentration) (Concentration)
(Concentration)
Hydroxyethyl cellulose
TEST-001 (10 % by weight)
Hydro xyethyl cellulose
TEST-002 (10 2% by weight)
TEST-003 | Piperiding(0.08% ] Hydroxyety cellulose
by weight) (10 % by weight)
TEST-004 Hydroxyethyl cellulose
(10 “ % by weight)
Hydroxyethyl cellulose
TEST-005 (10 ° % by weight)
TEST-006 -
[0073] TEST001to TESTOO05 show Test Examples 1to5 ,and
TESTO006 shows Comparison Example 1 with no hydroxye thyl
cellulose.

Toexpressashapeofroll-offoftheoutercircum ference
of the silicon wafer, a Roll-Off Amount (hereinafte r called
ROA)isadopted. Onedimension (line)isusedasa reference
plane for measurement, and 124 mmto 135 mm in adi ametrical
directionotthesilicorwafelissetasareferenc erangethereof.
Inaddition,fortheROAnNotation,distancesfromt hereference
plane at a position of 1 mm (ROA 1 mm) and a positi onof2mm
(ROA2mm)fromtheouteredge (outermostedge) of thesilicon
wafer were measured. Table 2 shows these measured values.
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[0074] [Table 2]

TEST ROA 1 mm ROA 2 mm
TEST-001 +391.1 +384.6
TEST-002 +187.8 +193.39
TEST-003 +26.0 +57.2
TEST-004 -16.5 +21.7
TEST-005 -110.0 -29.4
TEST-006 -240.02 -55.11
[0075] As is clear from the graph of Fig. 3and Tab le 2,
by adjusting the concentration of hydroxyethyl cell ulose to

be within a range of 1
ppm), itis possible to control the ROA 1 mm notati
arangeof-110nmto+390nm. Inthecasewheren

cellulose is contained and the concentration thereo

(1 x10°% by weight), roll-off is generated at the outer

circumferentialportionofthesiliconwafer. Mean

highertheconcentrationofhydroxyethylcellulose

the wafer outer circumferential portion is rolled u
In addition, asis clear from the graph of Fig. 4,

theconcentrationofhydroxyethylcelluloseisincr

polishingrate(EliminationRateendsowarddow

mayindicateaprotectiveeffectforthesurfaceof

waferbyhydroxyethylcellulose,anditcanbecons

areaction(etchingaction)betweenalkaliandthe

is interfered by hydroxyethyl cellulose.

[0076] Next, with reference to the graphs of Fig. 5
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Tables3and 4, theresults ofactual applicationo
polishinginwhichtheconcentrationofhydroxyethy
ismadetodiffer,tothesiliconwaferbythepoli
ofExample2ofthepresentinventionandamethod
siliconwafersusingthepolishingliquid(TestExa
reported.

Thatis, inthe casewhereadesired ROAisinar
(plusside)state, althoughdependingontheconcen
hydroxyethykellulose thepolishingratemaybe
may greatly hinderthe productivity. Then,ametho
the concentration of hydroxyethyl cellulose is arbi
changed during polishing to satisfy both of product
a silicon wafer and inhibition of roll-off was test
graph of Fig. 5 shows the results. In the graph of
Ref02showsonlythesecondarypolishing,Ref01sho
tertiary polishing, and 2step polishing shows Test
inwhichthetertiarypolishingwasappliedaftert
polishing.

[0077] Further, Table 3showstheratiosofcompone
the primary polishing liquid used for the primary p
process,thesecondarypolishingliquidusedforth
polishingprocess, andthetertiary polishingliqui

thetertiary polishing process. Inaddition,inTa
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term“abrasivegrains’meansfreeabrasivegrainsi

silica.

[0078] [Table 3]

ncolloidal

Polishing Abrasive arains Water-soluble
STEP accelerator (Concentr%ltion) polymer
(Concentration) (Concentration)
Primary KOH (0.08% by .
polishing weight) 5.0% by weight
L Hydroxyethyl
§§ﬁ§r§]ﬁ§w © oz:%;ﬁé?ght) - cellulose (10 %
' by weight)
. L Hydroxyethyl
pToirs“ri% © oz:%;ﬁé?ght) - cellulose (10 = %
' by weight)
[0079] Inthesecondarypolishingprocess,thesurf aceand
the rear surface of the silicon wafer were polished by45 um
on one side for 15 minutes while supplying the seco ndary
polishing liquid to both abrasive cloths at 9 liter spercm 2.
In the tertiary polishing process, the surface and the rear
surface of the silicon wafer were polished by 0.5 UM on one
sideforminuteswhilesupplyingthetertiarypol ishingliquid

to both abrasive cloths at 9 liters per cm

conditions arethe same asthose inthe case of Tes

1to 5.

[0080] Inthistest, to expresstheroll-offshape

outercircumferentialportionofthesiliconwafer,

from the reference plane ata position of 1 mm (ROA

a position of 2 mm (ROA 2 mm) from the outer edge (
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edge)ofthesiliconwaferweremeasured. Table4 showsthese
measured values.

[0081] [Table 4]

TEST ROA 1 mm ROA 2 mm
2StepPolishing(HECO.1ppm = HEC +178.3 +199.63
100 ppm)

Ref01_HEC 100ppm +187.8 +193.39
Ref02_HEC 0.1ppm +26.0 +57.2
[0082] Ad<clearfromTabled jnthesecond-step polishing

in which the concentration of hydroxyethyl cellulos eismade
to differ in Test Example 6, the roll-off shape whi ch is
equivalentto thatin the case of the desired roll- off shape
in which the hydroxyethyl cellulose of only 1 %107 % by weight
(100ppm)isaddedwasrealized. Inaddition,the addedamount
of polishing of the secondary polishing and the ter tiary
polishing in Test Example 6 was 9.6 pm. However, in a case
where the roll-offin Test Example 6isrealized in onestep,

in calculation by reference to the polishing rate w hen an
additiveamountothydroxyethyicelluloseinExampl elisl x102%
byweight38minuteswasrequiredfor9.6 pm/(0.25 pmpeminute)
asapolishingtimeinthefirst-steppolishing. O ntheother
hand, 19 minutes is sufficient in the second-step p olishing
inTestExample6. Therefore,theshortenedtimef orpolishing
possible by the second-step polishing is that 38 mi nutes—19
minutes = 19 minutes, which shows that the producti vity was
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improved by 50%.
This is shown in Table 5.

Moreover,theamountofpolishingwhenanadditive amount
of hydroxyethyl cellulose by this testis 1 %1072 % by weight,
was0.75 um(0.25 pmperminute  xthreeminutes)fromtheresults
shown in Fig. 4 of Example 1.

[0083] [Table 5]

Polishing
TEST Am_ou_nt of Polishing Removal rate time
polishing X . ) X
time (min) ( um/min) shortening
(hm) effect (min)
2Step
polishing
(HEC 0.1ppm 9.6 19 0.50 19.2
= HEC
100ppm)
Assume 1Step
(HEC100ppm) 9.6 38 0.25
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CLAI M5

1. Amethodfompolishingsiliconwaferscomprising
of:

roughpolishingatleastthesurfaceservingasa
tobepolishedbetweenasurfaceandarearsurface
wafersoastorelativelyrotateasiliconwaferan
clothwhilesupplyinggpolishindgiquidnwhicha
polymeris addedtoanalkaline aqueous solution wi
abrasive grains, to the hard abrasive cloth; and

applyingfinal polishing on atleastthe rough pol
surface of the silicon wafer.
2. Amethodfompolishingsiliconwaferscomprising
of:

roughpolishingatleastthesurfaceservingasa
tobepolishedbetweenasurfaceandarearsurface
wafersoastorelativelyrotateasiliconwaferan
cloth; and

applyingfinal polishing on atleastthe rough pol
surface of the silicon wafer after the rough polish
method wherein

theroughpolishingissplitintoafirst-steppol
which is carried out while supplying a first-step p

liquidinwhichawater-solublepolymerisaddedto
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agueous solutionwithnofree abrasive grainstoth

cloth,andasecond-step polishingwhichis carried

supplying a second-step polishing liquid in which a

water-solublepolymerisaddedtoanalkalineaqueo
with no free abrasive grains to the abrasive cloth

first-step polishing, and

concentration of the water-soluble polymer in the

second-step polishing liquid is made higher than th

concentration of the water-soluble polymerinthe f
polishing liquid.
3. Themethodfompolishingsiliconwafersaccordin

1 or claim 2, wherein the water-soluble polymer is

or several types from among non-ionic system polyme

monomers,oronetypeorseveraltypesfromamonga
polymers and monomers.

4. Themethodforpolishingsiliconwafersaccordin
3.whereinthewater-solublepolymerishydroxyethy
5. Themethodfompolishingsiliconwafersaccordin
4,whereinthe concentrationofthe hydroxyethylce
the polishing liquid is 0.1 ppm to 1000 ppm.

6. Themethodforpolishingsiliconwafersaccordin
1 or claim 2, wherein

thealkalineaqueoussolutionisadjustedtopH8t

56

eabrasive

outwhile

ussolution

after the

irst-step

gtoclaim
one type
rs and

nionicsystem
gtoclaim
kcellulose.
gtoclaim
llulosein

gtoclaim

opH13,



and

the alkaline aqueous solution is the alkaline aque
solution to which any of basic ammonium salt, basic
salt, and basic sodium saltis added as an alkaline
analkalinecarbonateaqueoussolution,oranalkal
solution to which an amine is added.
7. Themethodforpolishingsiliconwafersaccordin
lorclaim2 whereintheabrasiveclothiscompose
cloth made of polyester, or is made of polyurethane
8. Themethodforpolishingsiliconwafersaccordin
lorclaim2 whereirtheroughpolishingsimultane
the surface and the rear surface of the silicon waf
double-side polishing device which includes a carri
inwhichasiliconwaferishoused,andanuppersu
in which the abrasive cloth is pasted on a lower su
a lower surface plate in which the abrasive cloth i
onatopsurface,whichholdsthe carrierplatefro
below therebetween.
9. Themethodforpolishingsiliconwafersaccordin
8, wherein polishing is carried out such that a thi
the silicon wafer after the rough polishing is made
than a thickness of the carrier plate.

10. A polishing liquid which is used at the time of
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polishingateasthesurfaceservingasasurface
betweenasurfaceandarearsurfaceofasiliconw
analkalineaqueoussolutionwithnofreeabrasive
servesasabasecompound,andawater-solublepoly
to the alkaline aqueous solution.
11. The polishing liquid according to claim 10, whe
thealkalineaqueoussolutionisadjustedtopH8t
the alkaline aqueous solution is the alkaline aque
solution to which any of basic ammonium salt, basic
salt, and basic sodium saltis added as an alkaline
analkalinecarbonateaqueoussolution,oranalkal
solution to which an amine is added, and
the water-soluble polymer is one type or several t
fromamongnon-ionicsystempolymersandmonomers,
orseveratypedromamonganionicsystenpolymers
12. Thepolishingliquid accordingtoclaim10orc
whereinthe water-soluble polymeris hydroxyethylc
13. Thepolishingliquid accordingtoclaim12, whe
concentration of the hydroxyethyl cellulose in the
agueous solution is adjusted to be within a range o

concentration from 0.1 ppm to 1000 ppm.
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