DESCRIPTION Title of Invention: METHOD FOR POLISHING SILICON WAFERS AND POLISHING
LIQUID THEREFOR Technical Field [0001]This invention relates to a method for polishing silicon wafers
and a polishing liquid for the method, and in particular, to a method for polishing silicon wafers for
polishing at least the surface serving as a surface to be polished between the surface and the rear
surface of the silicon wafer so as to relatively rotate a silicon wafer and an abrasive cloth while supplying
a polishing liquid, and the polishing liquid for the method. Background Art [0002]In recent years, as a
method for polishing a surface of a silicon wafer, CMP (chemical mechanical polishing) which is carried
out so as to relatively rotate the silicon wafer and an abrasive cloth while supplying a polishing liquid in
which free abrasive grains such as silica grains are contained in an alkaline aqueous solution, is common.
CMP has been known by that a mechanical pggg'&glgtﬁepl by free abrasive grains and a chemical
polishing action by an alkaline aqueous solution are combined, to be able to obtain high flatness with

respect to the stitfacs lof/argib ool BRHEDD i RSN FS B bice S$ing Gy WA FERS AND
POLISHING LIQUID THEREFOR
Technical Field
[0001] This invention relates to a method for polis hing
silicon wafers and a polishing liquid for the metho d,andin
particular, to a method for polishing silicon wafer s for
polishingateasthesurfaceservingasasurface tobepolished
betweenthe surface and therear surface ofthe sil iconwafer

soastorelativelyrotateasiliconwaferandana

brasivecloth

while supplying a polishing liquid, and the polishi ng liquid
for the method.

Background Art

[0002] Inrecentyears,asamethodforpolishinga surface
ofasiliconwafer, CMP (chemicalmechanicalpolish ing)which
is carried out so as to relatively rotate the silic on wafer
and an abrasive cloth while supplying a polishing | iquid in
whichfreeabrasivegrainssuchassilicagrainsar econtained
inanalkalineaqueoussolution,iscommon. CMPha sbeenknown
by thatamechanical polishing actionby free abras ivegrains
andachemicalpolishingactionbyanalkalineaque oussolution
are combined, to be able to obtain high flathess wi threspect
tothesurfaceofasiliconwafer. InthisCMP pro cessingfor



silicon wafer, usually, polishing is carried out through multiple steps from rough polishing to final polishing.
The rough polishing at an initial step is carried out with the purpose of polishing a silicon wafer to be a
desired thickness. The polishing is carried out under the condition of a relatively high polishing rate by use
of a hard abrasive cloth of polyurethane or the like, that is, the polishing is carried out so as to reduce the
variation in thickness of the silicon wafer after the polishing, to achieve flattening. In this rough polishing
process, the polishing processing may be carried out so as to change the type of an abrasive cloth and
the size of free abrasive grains, while splitting the amount of polishing the silicon wafer (elimination stock
amount) into multiple steps (for example, 1 to 3 steps) in some cases. The final polishing in the final
step is carried out with the purpose of improving the roughness on the silicon wafer surface, and the
polishing is carrj S tQ regluc h% iation. i -syrface roughness on t llicon wafer
surface such aé E{g%qgt%ﬁegfa%%%/go ’hgglié Iy\%’s% ?)E gﬁégfat%%ﬁysive cloth such as suaﬂlméglﬁ;\nd micro-sized
free abrasive grauitiple stepsame veaylapslishing b fraligiolighprocess, in this finalmgplishing as well, the
polishing processing may be split into multiple steps to be carried out while changing the type of abrasive

cloth and the size of frE¥4BHIGROARE 2 PRJRIALEIGRSS FH0%Y However, in the caseWhere rough
polishing is cartjgg, %Mﬁ&%@f ﬁoﬁ?ﬁﬂ@iﬁgi”%ﬂ%@é}tﬁ%@g free abrasive graing.(asiurry) , a high
polishing rate and a certain level of flatness of a wafer may be obtained. Meanwhile, new process
damage has bebicknreaght abpolitbingessiaraee aft thwlsiltben wafer by a mechagodltation during the

polishing. Further, dye to regation. of the free abrasive grains in the polishing liquid, defects caused by
a process suc:hoe{rél Fﬁligpb’?fﬁﬁgﬁﬁﬂbsﬁ' [FERYHES %%ﬁglargolished surface of a%%%?%’?'#afer. In many
cases, process dlgimagsoftrethageibrithe iREahfeishimgdprocess and defects cauggfidy a process are not
eliminated even in the subsequent final polishing process, and in order to completely eliminate those, it is
necessary to cd??éﬂ%’rﬁblﬁrﬁﬁ@ﬁ%l!ﬁ@tgﬁkﬁﬂﬂ“@ﬂﬁblmﬁmg in the final polishif§S @®™ ] Then, as a
conventional te ' is, for I invention disclosed i tent Document 1 has
been known. Té@[&:ﬁbqégﬁxt%?r% ﬁsé)% %%’éﬂﬁﬁﬁg’é%é?a@g\%ﬁa&gilicon wafer by use ofaaq% 1i|sr¢1ing liquid
composed of anhidkaligepadjskiogp salesrhepplithibdprbderdich contains a watefmsafbele silicate
component and an alkaline component, and substantively does not contain free abrasive grains. In this

way, because fREE"QSALTE 3 A ARIHEERRIO[#BEEBESH mage to the surfa&P8 #Ad silicon wafer is
reduced. In ad%@E‘iz@%@%é%ﬁ?&sﬁ%‘d?aﬁ%gwrﬂFPées%‘ilﬁﬁé‘fe coupled with silicon,atgms,pp the wafer

surface coupled with a hydroxyl group to form condensed silicate and accelerate elution of the silicon
atoms into the akuliisbingesiissolaier(clmipaliohistgakae is therefore IncreasednfDoO@5]Patent Document

1: Japanese Punqll'ﬁ’tpp(?g SUnex mined

teps (for example, 1 to 3 steps) in some cases.

Thefinalpolishinginthefinalstepiscarriedo utwith
the purpose of improving the roughness on the silic on wafer
surface, andthe polishingis carried outso asto reducethe
variationnnano-surfaceroughnessonthesilicon wafersurface
suchasnanotopographyorhazebyuseofasoftabr asivecloth
such as suede, and micro-sized free abrasive grains . Inthe
samewayastheroughpolishingprocess,inthisfi nalpolishing
as well, the polishing processing may be splitinto multiple
steps to be carried out while changing the type of abrasive



Patent Application No. H9-306881. Disclosure of Invention Problems to be Solved by the Invention [0006]
Meanwhile, from the standpoint of the miniaturization of devices and the enlargement of a device
formation region of a silicon wafer in recent years, high flatness is required in the vicinity of the outermost
circumference of a silicon wafer, which has drawn Increased attention to flatness in the vicinity of the
outermost circumference and the amount o f surface displacement of a wafer. In accordance therewith,
an index ROA (Roll-Off Amount) in which a drop-off amount and a flip-up amount of the wafer outer
circumferential portion are quantitatively expressed has been known in order to assess the shape of the
outermost circumference of a silicon wafer. [0007]This is to determine a virtual reference plane from a
wafer shape at a position of 124 mm to 135 mm (Reference area) from the center of the wafer where a

silicon wafer wi déj r.of, far \;??g m | idered as being flat, or example, when
aROAIis 1 mm,gl]ictﬁl}é e@rﬁ%sgea%g%%%é%{ t rﬂ%@%@'@%ne at a position of mgn% inward from the
wafer outer edge0os| this tineyegweentiatte heigbughtbtstefeience plane is 0,dramedhich the shape is
dropped of f up to the wafer outer edge, its amount of displacement is a minus value (roll-of f ) , and when

the shape is fliﬁﬁg%ﬁ?qmwwgﬁfﬁem@ﬂ?@g plus value (roll-up)2#Vfrtiéi the lower the
absolute values(ghggl)ll)g({m kiR ALantRedighfsnthe flatness even in thgayigiaby of the outermost

circumference is asseéssed. [0008] As shown in Patent Document 1, in the case where the surface of a
silicon wafer is p@ighted rhgyinss bfainpdlidheagiilidreyvppessss of an alkaline dquegehsslution with no

free abrasive grains, but containing a water-soluble silicate component, the polishing liquid flows in from
the outer circun?]ee%ﬁ)ég%%ﬁt{r:agg%%%a}ho% %Hgas?ﬁc(g?ﬁ%ﬁa§'§(f%¥flﬁg the polishing pri ngéiﬁg. Therefore, a
large quantity ofalkadinieAcgRWS RRHHEOMEBANShmgIgmiiaast agount of etching agfiomgtouches the outer
circumferential portion more than the central portion of the wafer. Therefore, a polishing rate at 3 mm from

the outer circunf@geasicsafecleaaeSifiveE MarThermlin, shingliquid,
defects caused by a process such as micro-scratchin g have
occurred on a polished surface of a silicon wafer. In many
cases,processdamageoccurringintheroughpolish ingprocess
anddefectscausedbyaprocessarenoteliminated eveninthe
subsequentfinalpolishingprocess,andinorderto completely
eliminatethose, itisnecessarytoconsiderablyin creasethe

amount of polishing in the final polishing.

[0004] Then,asaconventionatechnologyforsolvi ngthis,
forexample, theinventiondisclosedin PatentDocu ment1has
beenknown. Thisinventionistopolishthesurfac eofasilicon
waferbyuseofapolishingliquidcomposedofana lkalineaqueous
solutionofpH8.5t013 whichcontainsawater-sol ublesilicate
component and an alkaline component, and substantiv ely does
not contain free abrasive grains. In this way, bec ause free
abrasive grains are not used, process damage to the surface



and the control of roll-off in the region of 3mm or less from the wafer outer circumferential edge is
Imperfect in the same way as a case of CMP using a polishing liquid containing free abrasive grains .
Further, depending on an al kali concentration change during polishing processing, the silicate component
in the polishing liquid is turned into a gel, and this functions as a free abrasive grain in colloidal silica,
which may cause process damage or cause a defect caused by a process. [0009]Further, in recent years,
it has been desired to provide a silicon wafer in which not only the surface side, but also the rear surface
side of the silicon wafer is mirror-surface polished, and double-side polishing for simultaneously polishing
the wafer surface and rear surface has been executed by use of a polishing liquid containing free
abrasive grains in a rough polishing process. As a double-side polishing device, in recent years,
double-side polb':‘qu]Egg‘tﬁ g %EP%OFEAYJ& |sw%m%ﬁu £ and the rear surfacl? 8f e silicon wafer so
as to insert the carrier p ate with an upper surface plate a lower surface plate on which abrasive
cloths are pastailivicasthteoie cutdsla@ sdiggadvdtasiicbaased in a carrier plate hasdpeke adopted.

wafer surface coupledwithahydroxylgrouptoform condensed
silicate and accelerate elution ofthe siliconatom sintothe
alkaline aqueous solution, its polishing rate is th erefore
increased.

[0005] Patent Document 1: Japanese Published Unexam ined
Patent Application No. H9-306881.

Disclosure of Invention

Problems to be Solved by the Invention

[0006] Meanwhile,fromthestandpointoftheminiat urization
of devices and the enlargement of a device formatio n region
ofasiliconwaferinrecentyears, highflatnessi srequired
in the vicinity of the outermost circumference of a silicon
wafer, which hasdrawnincreased attentiontoflatn essinthe
vicinityotheoutermostircumferenceandtheamo unbokurface
displacement of a wafer. In accordance therewith, an index
ROA (Roll-OffAmount)inwhichadrop-offamountan daflip-up
amount of the wafer outer circumferential portion a re
guantitativelyexpressedhasbeenknowninorderto assessthe
shape of the outermost circumference of a silicon w afer.
[0007] Thisistodetermineavirtualreferencepla nefrom
awafershapeatapositionof124mmtol135mm(Re ferencearea)



In the case where such a double-side polishing device using a carrier plate is used, provided that the
surface and the rear surface of the silicon wafer are polished until the thickness of a silicon wafer
becomes a thickness which is equivalent to or less than the thickness of the carrier plate, the polishing
itself onto the wafer outer circumferential portion bythe abrasive cloths is inhibitedbythe carrier plate,
thereby it is possible to reduce roll-off. However, because the carrier plate itself is polished, the
exchange frequency of the carrier plate is increased, which brings about the concern of the problem of
increasing production costs. [0010]Then, as a result of intensive research, the inventors have found that,
provided that the surface of the wafer is polished while supplying a polishing liquid in which a
water-soluble polymer is added to an alkaline aqueous solution with no free abrasive grains by use of
hard abrasive r ike. | polishing of a surf é % on wafer, it is
possible to ke%%ﬁﬁ%%%%?é%r?é{vﬁégn @Jfgré%%%?ble to arbitrarily covr?'t%d? (g] % E;off amount of the
outer circumferef)tiat @aatiqrieo B0tensih iocowsitiarey s eistrftathe concentration, ahthfowater-soluble
polymer added, to be able to reduce the roll-off amount, and successfully completed this invention.

[0011]An objecESRIHREHUEERGRRAISA BT Pisdainedisddtftor polishing siliddM {fers, which is
capable of poIislhg}gf@r%e‘@ﬁ%ﬁg%Migaﬁg@ﬁﬁﬁi{jﬁggﬁﬁvafer at a high polighipai@igand achieving

control of the flatness of the wafer outer circumferential portion including roll-off and roll-up, and to
provide a polisintgtaglge. fatthiat mesghasuit v tkenefohtFolving the Problemst[@d2jAnfdst aspect in

accordance Wit%@% sr(?,?r%rr]r%whichtheshapeisdropped offup tothewafer
outer edge, its amount of displacement is a minus v alue
(roll-off), and when the shape is flipped up, its a mount of
displacement is a plus value (roll-up). Further, t he lower
the absolute values of roll-off and roll-up are, th e higher
theflatnesseveninthevicinityoftheoutermost circumference
is assessed.
[0008] Asshownin Patent Document 1, inthe case w here the
surface of a silicon wafer is polished by use of a polishing
liquid composed of an alkaline aqueous solution wit hno free
abrasive grains, but containing a water-soluble sil icate
component, the polishing liquid flows in from the o uter
circumference to the center of the silicon wafer du ring the
polishingprocessing. Therefore,alargequantity ofalkaline
agueoussolutionhavingasignificantamountofetc hingaction
touchestheoutercircumferentialportionmorethan thecentral
portionofthewafer. Therefore,apolishingrate at3mmfrom
the outer circumferential edge of the silicon wafer is high,



invention provides a method for polishing silicon wafers including the steps of rough polishing at least the
surface serving as a surface to be polished between a surface and a rear surface of the silicon wafer so
as to relatively rotate a silicon wafer and an abrasive cloth while supplying a polishing liquid in which a
water-soluble polymer is added to an alkaline aqueous solution with no free abrasive grains to the hard
abrasive cloth, and applying final polishing on at least the rough polished surface of the silicon wafer.
[0013]A second aspect in accordance with the present invention provides a method for polishing silicon
wafers including the steps of rough polishing at least the surface serving as a surface to be polished
between a surface and a rear surface of the silicon wafer so as to relatively rotate a silicon wafer and an
abrasive cloth, and applying final polishing on at least the rough polished surface of the silicon wafer after
the rough po"S@H@zﬁé‘@ﬂ%‘i‘@‘#dfﬂ-&‘ﬂiﬁ*ﬂ%'P%@H8% rq]s(;]ing is split into a firsﬁgggg&glishing which is
carried out while supplying a first-step polishing liquid in which a water-soluble polymer is added to an
alkaline aqueouhenhftiooutetbiro e atbicd sigedsainsettethe abrasive cloth, andteesaaand-step polishing
which is carried out while supPI ian a second-step polishing liquid in which a water-soluble polymer is
added to an alk4fH&SYtESUS g)‘(/% iHngiRPALSHiSg Eﬂﬂ'ﬁﬁ%t@rains to the abrd8i08 ¥R&h after the first-step
polishing, and caneeREGURRs OF e walsrsal Nxer in the second-step, polishing liquid is made
higher than the concentration of the water-soluble polymer in the first-step polishing liquid. [0014]A third
aspect in accordbatgegittingpofisbsegnronassiinn thasiidetettte method for polishipgreition wafers

according to the first ect or the second aspect, in which the water-soluble polymer is one type or
several types friﬂ%pé’rﬁ%ﬁr&grhg}{'- JRkd" é?'&lr? B%Rjrﬁ‘@%%ﬁd monomers, or one ?%ét'(g)@everal types from
among anionic gysteee RBFYENRES NG Meeneme EsicEOARRIA fourth aspect in acepagangeavith the present
invention provides the method for polishing silicon wafers according to the third aspect, in which the

water-soluble pBIPRRSEiIHYAEEYeBMISEANGRISS! [ROBETALNTh R8BSt in accordanée with the present
invention provi met r palishi licon. ing to the fourth asp in which the
il o S R e i

concentration of t ydroxye ose IS 0.1 ppm to 1000 ppm. [0017]A sixth
aspect in accorgeovisevetilidun pvefenit which not only the surfa ce side,
but also the rear surface side of the silicon wafer is
mirror-surface polished, and double-side polishing for
simultaneously polishing the wafer surface and rear surface
hasbeenexecutedbyuseofapolishingliquidcont ainingfree

abrasive grains in a rough polishing process.

As a double-side polishing device, in recent years :

double-sidepolishingforsimultaneouslypolishing thesurface
andtherear surface of the silicon wafer so asto insertthe
carrier plate withanupper surface plate and alow ersurface
plate on which abrasive cloths are pasted in a stat einwhich
asiliconwaferishousedinacarrierplate hasbe enadopted.
In the case where such a double-side polishing dev ice
using a carrier plate is used, provided that the su rface and



invention provides the method for polishing silicon wafers according to the first aspect or the second
aspect, in which the alkaline aqueous solution is adjusted to pH8 to pH13, and the alkaline aqueous
solution is the alkaline aqueous solution to which any of basic ammonium salt, basic potassic salt, and
basic sodium salt is added as an alkaline agent, or an alkaline carbonate aqueous solution, or an alkaline
agueous solution to which an amine is added. [0018]A seventh aspect in accordance with the present
invention provides the method for polishing silicon wafers according to the first aspect or the second
aspect, in which the abrasive cloth is composed of a nonwoven cloth made of polyester, or is made of
polyurethane. [0019]An eighth aspect in accordance with the present invention provides the method for
polishing silicon wafers according to the first aspect or the second aspect, in which the rough polishing
simultaneouslyﬂgli@@gg&hg&%ﬁr@sﬁ%ﬁ?ﬁ fg%r%jfgﬂgﬁe the silicon wafer with 8 dauble-side polishing
device which includes a carrier plate in w |c?1 a silicon watrer is housed, and an upper surface plate in
which the abrashiektleth isf pasiiedonvaftoviecsuréaca tiickadssvehsurface plate in whiah the abrasive
cloth is pasted on a top surface, which holds the carrier plate from above and below therebetween.

[0020]A ninth aSPEMAIE HERBHESAR NG THEKpRSSQithe car rierplate,
the polishing itself onto the wafer outer circumfer ential
portionbytheabrasiveclothsisinhibitedbythe carriemplate,

thereby it is possible to reduce roll-off.

However, because the carrier plate itself is polis hed,
theexchangefrequencyofthecarrierplateisincr eased,which
bringsabouttheconcernoftheproblemofincreasi ngproduction
costs.

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

inventors have found that, provided that the surfac e of the
waferis polishedwhile supplyingapolishing liqui dinwhich
awater-solublepolymerisaddedtoanalkalineaqu eoussolution
with no free abrasive grains by use of hard abrasiv e cloth of
polyurethane or the like in rough polishing of a su rface of
asiliconwafer,itispossibletokeepthehighpo lishingrate,
anditis possibletoarbitrarily control theroll- offamount
of the outer circumferential portion of the silicon wafer by
adjustingtheconcentrationofthewater-solublepo lymeradded,
to be able to reduce the roll-off amount, and succe ssfully

completed this invention.

[0011] An object of the present invention is to pro vide



invention provides the method for polishing silicon wafers according to the eighth aspect, in which
polishing is carried out such that a thickness of the silicon wafer after the rough polishing is made thicker
than a thickness of the carrier plate. [0021]A tenth aspect in accordance with the present invention
provides a polishing liquid which is used at the time of rough polishing at least the surface serving as a
surface to be polished between a surface and a rear surface of a silicon wafer, in which an alkaline
aqueous solution with no free abrasive grains serves as a base compound, and a water-soluble polymer
is added to the alkaline aqueous solution. [0022]An eleventh aspect in accordance with the present
invention provides the polishing liquid according to the tenth aspect, in which the alkaline aqueous
solution is adjusted to pH8 to pH13, the alkaline aqueous solution is the alkaline agueous solution to
which any of baac,ir% mqgi @ﬂ% Qﬁi&)ﬂ%?&ig %lﬁtﬁ?g (ﬁ)a?ic sodium salt is a:g[gg As an alkaline
agent, or an alkaline carbonate aqueous solution, or an alkaline aqueous solution to which an amine is
added, and the putithirgesbitapelybegralisbnddfgdliooseeéral types from amoamgtadiigionic system
polymers and monomers, or one type or several types from among anionic system polymers and

monomers. [O0XPAIRGEHNE 330 8ERiAVREEPaYRLY Rt dRepresent invention prsvi&€ihe polishing liquid
according to the,tepth, agpest ohiReflgNehisaRaSdiRgYaiEh the water-soluble pglymer is hydroxyethyl
cellulose. [0024]A thirteenth aspect Inaccordancewiththepresent invention provides the polishing liquid
according to theavep fitnddpeaunvitevhiphligtencplimédtiertitne o f the hydroxyethyl celtihese in the alkaline

agueous solutlcm 5 adijgrs.geoq to bﬁ]gvgkrlé%lgr%asnge of concentration from 0.1 ppm to 1000 ppm.

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

rough polished surface of the silicon wafer.

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

a silicon wafer and an abrasive cloth, and applying final
polishingonatleasttheroughpolishedsurfaceof thesilicon



Advantageous Effect of the Invention [0025]In accordance with the method for polishing silicon wafers
and a polishing liquid for the method of the present invention, it is possible to reduce roll-off of a wafer
outer circumferential portion while keeping a high polishing rate, which results in making capable flatness
(ROA) control of the wafer outer circumferential portion including roll-off and roll-up. Further, it is possible
to reduce generation of process damage and defect generation caused by a process such as
micro-scratching caused by an aggregation of abrasive grains. Brief Description of the Drawings
[0026]Fig. lisaperspective viewofanon-sun gear system double-side polishing device, which is used for a
method for polishing silicon wafers of Example 1 according to the present invention. Fig. 2 is a major
part longitudinal sectional view of the non-sun gear system double-side polishing device, which is used for
the method for 'ﬂéﬁﬂﬂ&%ﬁ'&%ﬂgﬁ%“&r&ﬂ{ MR &ﬂ%ﬂrging to the presenhiméggggﬁl. Fig. 3isa
graph showing the shapes of outer circumferential portions of the silicon wafers corrésponding to the
additive amoungsitshwafisssiointokefipigrappolighingapéct to silicon wafers, whitdcargesecondary-polished
by the method for polishing silicon wafers of Example 1 according to the present invention. Fig. 4is a

graph showing QYeMYIE SERRPMIRAALERFIEPRAIIBIEAIAYHts of hydroxyethyl cellifB¥ENAto a polishing
liquid and the p%t?@ri%I@%%&Emgrggﬂegdf@ﬁél%m%zEHGHEPd for polishing sjicgp,iyafers of Example 1

according to the present invention.

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 to the abrasive cloth after the first-step p olishing,
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.

[0014] A third aspect in accordance with the presen t
invention provides the method for polishing silicon wafers
according to the first aspect or the second aspect, inwhich
the water-soluble polymer is one type or several ty pes from
among non-ionic system polymers and monomers, or on etypeor
severaltypesfromamonganionicsystempolymersan dmonomers.
[0015] A fourth aspect in accordance with the prese nt
invention provides the method for polishing silicon wafers
accordingahethirdaspectjrwhichthewater-s olublepolymer

is hydroxyethyl cellulose.



Fig. 5 is a graph showing the shapes of the outer circumferential portions of the silicon wafers
corresponding to the additive amountsofawater-soluble polymer with respect to silicon wafers, which are
tertiary-polished by a method for polishing silicon wafers of Example 2 according to the present invention.
Description of Symbols [0027]10Double-side polishing device, 11Silicon wafer, 15Abrasive cloth,
110Carrier plate, 120Upper surface plate, 130Lower surface plate Best Modes for Carrying Out the

Invention

[0016] A fifth aspect in accordance with the presen t
invention provides the method for polishing silicon wafers
accordingtothefourthaspect,inwhichthe concen tration of

the hydroxyethyl cellulose inthe polishing liquid is0.1ppm
to 1000 ppm.

[0017] A sixth aspect in accordance with the presen t
invention provides the method for polishing silicon wafers
according to the first aspect or the second aspect, inwhich
the alkaline aqueous solutionisadjustedto pH8to pH13,and
thealkalineaqueoussolutionisthealkalineaqueo ussolution
towhich any of basicammonium salt, basic potassic salt,and
basicsodiumsaltisaddedasanalkalineagent,or analkaline
carbonate aqueous solution, or an alkaline aqueous solution
to which an amine is added.

[0018] A seventh aspect in accordance with the pres ent
invention provides the method for polishing silicon wafers
according to the first aspect or the second aspect, inwhich
the abrasive cloth is composed of a nonwoven cloth made of
polyester, or is made of polyurethane.

[0019] An eighth aspect in accordance with the pres ent
invention provides the method for polishing silicon wafers
according to the first aspect or the second aspect, inwhich
the rough polishing simultaneously polishes the sur face and

10



[0028]A method for polishing silicon wafers of the present invention Includes the processes of rough
polishing at least the surface serving as a surface to be polished between a surface and a rear surface of
the silicon wafer so as to relatively rotate a silicon wafer and the abrasive cloth while supplying a polishing
liquid in which a water-soluble polymer is added to an alkaline aqueous solution with no free abrasive
grains to a hard abrasive cloth, and applying final polishing on at least the rough polished surface of the
silicon wafer. [0029]Further, another method for polishing silicon wafers of the present invention includes
the processes of rough polishing at least the surface serving as a surface to be polished between a
surface and a rear surface of the silicon wafer so as to relatively rotate a silicon wafer and the abrasive
cloth, and applying final polishing on at least the rough polished surface of the silicon wafer, the method in
whi_ch_the _rongr%opé%%waﬁgligmp asﬂ[géﬁ%gfgpl\iﬁ%ng Whighis cqrried out While_§H]%DIyir_lg a first-step
polishing liquid in which a water-so u%le polymer is added to an alkaline aqueous solution with no free
abrasive grainsgolitiéngliagive width, iaodidesecoadistgpaiishing which is carried/bighvahile supplying a
second-step polishing l,iaf{md in which a water-soluble polymer is added to an alkaline aqueous solution

with no free abral4fPE YRIdSHQHEEIHRARG B LRRA SHIPBSPIIG-step polishing, alfi¥¥8fentration of the

water-soluble pgl¥mgr L\ b SerRNLSIER RPlshing bgHidisdJngde higher than the, ggpegntration of the
water-soluble polymer in the first-step polishing liquid. [0030]According to these methods for polishing

silicon wafers o$taqsreksainwentidne do@styanletelsmgsietion by the alkaline aue®ps solution and an
etching inhibitive action gnt ilicgn wafer oyter circumferential portion by the water-soluble polymer, it
is possible to resoth%c?%:?oﬁmﬁ?bﬁﬁm P %8?5&%@&%&%%8%&%0m0n while keep'i-@ SlﬂY}éh polishing rate,
which results ingraakiegneapable flatness (ROA) control of the wafer outer circumferential portion including
roll-off and roll-up.

[0020] A ninth aspect in accordance with the presen t
invention provides the method for polishing silicon wafers
accordingtothe eighthaspect,inwhich polishing iscarried
outsuchthatathicknessofthesiliconwaferafte rtherough
polishingismadethickerthanathicknessofthec arrierplate.
[0021] A tenth aspect in accordance with the presen t
inventionprovidesapolishingliquidwhichisused atthetime

of rough polishing at least the surface serving as asurface
tobepolishedbetweenasurfaceandarearsurface ofasilicon
wafer, in which an alkaline aqueous solution with n o free
abrasivegrainsservesasabasecompound,andawa ter-soluble

polymer is added to the alkaline aqueous solution.

[0022] Aneleventh aspectinaccordance with the pr esent
inventionprovidesthepolishingliquidaccordingt othetenth
aspect, inwhichthe alkaline agueous solutionisa djustedto
pH8 to pH13, the alkaline aqueous solution is the a lkaline
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Further, in a conventional polishing method using a polishing liquid containing free abrasive grains, roll-off
of the wafer outer circumferential portion is accelerated according to the progress of polishing.
Meanwhile, in the case of this invention, for example, by extending a polishing time to Increase the
amount of polishing, it is possible to make the wafer outer circumferential portion into a roll-up shape.
Therefore, for example, roll-off of a wafer outer circumferential portion in final polishing may be assumed
to achieve an ideal flat shape on an outer circumferential portion of a product wafer. [0031]In addition , as
the reason for reduction in roll-o ff , it is presumed that the following phenomenon may occur.

Because the water-soluble polymer in the polishing liquid is absorbed to the surface of the silicon wafer
during the polishing processing, the wafer surface comes to be covered with the water-soluble polymer.
However, beca - 0 to be polished, (fhe.plane to be poll
shed) is elimina%ége‘g}y8 %@ﬁ%s%gvﬁ%ﬁ?%?fﬁ gu;ﬂéﬁg) @5 e p%)lished from wdrtﬁc P?ee polymer
membrane is elpviassdist paretedisio swtiven Bytlisphdiedsastace, chemical etchirgkidicarried out by the
alkaline aqueous solution. It can be considered that the polishing progresses by repeated polymer

absorption, elinASBNBPKRINERATRANAIEAIHEAMSSAHE Raline etching. ThéAMBk¥ e the polishing liquid
flows from the \ga[ﬁgoggteg&g%tqwa%m CENtgmiARd @ Iglggfegyaémgytgf polishing liquiduis supplied to
the wafer outer circumferential portion as comparedwith the wafer central portion, the poll shing
progresses in avgatge saluwhiegoteensonetyddorsersal bfoeslymer membrane tobefoented is made larger
than the amount of elimina%on of @{%{émer membrane to be ?Iiminated by the abrasive cloth in the wafer

outer circumfergﬂﬂé{PBg&?’os RS é%?)‘SFBSUHF%%rMPQE ¥P§1ing reaction Gh-the Wafer outer
circumferential geRRdMIARIBREH B iRMIEEM Pl A R mEKEIEN the methesl for polishing silicon

wafers of the present invention, an alkaline aqueous solution with no free abrasive grains is used as a
polishing liquid [PR23, the téri et aRRam eaREAHUINSEIWIBhIARIR'ES free abrasive gréiAt" means an
alkaline aqueo‘fﬁd@n‘f\{@ﬁ?é&ﬁ%@tﬂ%ﬁ%@%ﬁiﬁ%@o@éiﬁ%‘bidal silica (abrasi%gng[g_mﬁ) , diamond
abrasive grains, or alumina abrasive gral re not mixed into an alkaline aqueous solution serving as a
base compoundspecpaliskimgfittashastitnthitibesariace to be polishedahislepidisomewafer is polished
mainlybya chemical action. Therefore, it is possible to avoid generation of process damage by a chemical
action such as ERVEXSREPGRILHRTS using free abrasive grains. | n addition , because the polishing
does not use fr?%ggfasive g{ﬁ%ﬁ@g}g@@ﬂﬁl&%f&%ﬁ%@&generation causeg.Rya process such as
ion

micro-scratching caused by an aggrega of abrasive grains.

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 capableflatness (ROA) cont rolofthe
wafer outer circumferential portion including roll- off and
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[0033]As an alkaline aqueous solution, one which is adjusted to be within a range from pH8 to pH13 is
used. As a result, defects caused by a process such as scratching or scarring are not generated on the
surface of the silicon wafer, it is easy to handle the polishing liquid, and it is possible to obtain a high
polishing (etching) rate of the silicon wafer. In a case where the alkaline agueous solution is less than
pH8, an etching action becomes too low, which makes it easy to generate defects caused by a process
such as scratching or scarring on the surface of the silicon wafer. Further, in a case of being higher than
pH13 such as a strongly basic aqueous solution, it is difficult to handle the polishing liquid. As an al kaline
agent (pH adj uster ) for the al kaline aqueous solution, for example, an alkaline aqueous solution to
which any o f basic ammonium salt , basic potassic salt, and basic sodium salt is added, or an alkaline
carbonate aquergHﬁf%pI%%epri@\%sélg)gg{bqeaﬂ)upe%g:goé%g@{o which an amine is %ﬂd&d- Otherwise, an
aqueous solution of hydrazine or amines may be adopted. From the standpoint of increasing a polishing
rate, it is preferphedbsitianayenisd tiefe algatic paiticotadgday apnine is used. oceddwicontent of the
alkaline agent in the alkaline aqueous solution is 100 to 1000 ppm. When it is less than 100 ppm, the
etching force oRYREP S HACEIBtARSEHRGTRIEPBIOMPRlkaline agent is Y \GHiREnt, and it takes a long
time for polishi@(ig}q}%igg@&iw@rt% @g@ﬁ@grmined thickness. When it is over 1000 ppm, it is difficult to
handle the polishing liquid itself, and further, surface roughness is easily generated on the wafer surface
by an excess etthfy reaction.Jieg31spectiverjewalasartiseingepect o f the preseatsystention, the rough
polishing may be s Et into a first-step polishing,usin Jirst-step polishing liquid na second-step
polishing using iogg edﬁ@%?@é%éﬂ%ﬁ%%ﬁ?qmﬁt Qﬁ%ucggﬁ &h#tion of the Water-s%%% ef%ﬁolymer in the
second-step pojjshénchtgicbraxrae sragenpgheicimpitig@oconcentration of thgepigsriioluble polymer in
the first-step polishing liquid. [0035]That is, because higher productivity is required for rough polishing, it
is necessary to!p¥BHOEilicon wafers under a polishing condition in which a polishing rate is Increased as

high as possible. Acc Iﬂ; D r - COF trati %\ﬁ water-soluble polymey in the first-step

polishing liquid used 1‘%Irl ir:és}tl;gs?eeé%ﬁ@é?ﬁgégg}ﬁ%ﬂ%ﬁl%%%@ﬁﬁg eginning of the start ofﬁgolishing, itis

possible to increasadhapolshingy saim ddwene-aftey potshiatysteyigolishing, by executinghthe second-step

polishing using the second-step polishing liquid in which the concentration of the water-soluble polymer is
HPf?lﬁi'PﬂJ

increased, it is FHSSBIRHG PER PEgiRg Y ¥HERted on the outer ciriEiRIRial part of the

wafer. 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.
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In this way, after the first-step polishing in which the amount of polishing is increased at a high polishing
rate, the second-step polishing is carried out onto the polished surface of the silicon wafer on which the
first-step poli shing s carried out by use of the second-step polishing liquid in which an additive amount of
the water-soluble polymer is increased. Therefore, a polishing time of the silicon wafer on which roll-off of
the outer circumferential portion is reduced is shortened, which makes it possible to improve productivity
of mirrored silicon wafers. [0036] The concentration of the water-soluble polymer in the polishing liquid
used for the first-step poll shing s preferably 10 ppm or less, which makes it possible to polish a silicon
wafer while keeping a high polishing rate without impairing the etching action by the alkaline aqueous
solution. The polishing condition for the second-step polishing may be the same as or different from
the polishing conditiorH r gmg figsﬁﬁéﬁﬂ %%I%“ég E?Fc%wag%sﬂbq @Hgi%?eﬁmount of the water-soluble
polymer. Further, as a type o?the ater-soluble polymer, the same type may be used or the type maybe
changed in the firstistizpamolishontionsdine skicond:sftap golishing. In the seconésgiepdaadishing, a polishing
device used for the first-step polishi&%is continuously used immediately after the first-step polishing, and

the additive amAIA¥eREIR USRIBICKSITAIEP RPN Mlishing liquid supEdGBRRR! abrasive cloth
maybe merely QBéﬁS&%@?&F&W&)arEEHNP%&- Bpghgawshing device differenbfryagpe polishing device
used for the first-step polishing may be used. [%037]As awater-soluble polymer, anionic, non-ionic, and
ampholytic respsdishinpeijenareaéers otisguotile? anonatingto are used. In detaithegraseater-soluble polymer,
hydroxyethyl cellulose or polyethylene glycols is preferably used. In particular, highly-pure hydroxyethyl
cellulose is relafi\VéR '853in available, and a polymer membrane is easily formed on a wafer surface.
Therefore, hydroxyeiipyioredtinarders the character' stic o f a high e ffect o f inhibiting an etching reaction
by alkali. However, among respective types of water-soluble polymers, one for accelerating etching on a
silicon wafer byl@@PZikaline EhueBasldiehstishnelisbinsLftaRe. Only one type of water-soluble polymer may
be used, or a pluralityﬂf typgﬁc%fn%gerr-soluble polymers may be used. [0038]Further, in place of a
water-soluble polymer,a’™ ’

15 ... Abrasive cloth,

110 ... Carrier plate,
120 ... Upper surface plate,
130 ... Lower surface plate

Best Modes for Carrying Out the Invention

[0028] Amethodforpolishingsiliconwafersofthe present
invention includes the processes of rough polishing atleast
thesurfaceservingasasurfacetobepolishedbet weenasurface
and a rear surface of the silicon wafer so as to re latively
rotate asiliconwaferandthe abrasive clothwhile supplying
a polishing liquid in which a water-soluble polymer isadded
to an alkaline aqueous solution with no free abrasi ve grains
to a hard abrasive cloth, and applying final polish ing on at
least the rough polished surface of the silicon waf er.
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surface acting agent or aliphatic alcohol may be used. As a surface acting agent, for example,
polyoxyethylene alkyl ether or the like may be adopted. Further, as aliphatic alcohol, for example,
polyvinyl alcohol or the like may be adopted. [0039] The concentration of the water-soluble polymer in the
polishing liquid maybe set within a range of concentration from 0.1 ppm to 1000 ppm, and patrticularly, it is
preferable to be less than or equal to 100 ppm. In the case where hydroxyethyl cellulose is adopted as a
water-soluble polymer, its additive amount is preferably 100 ppm or less. Excessive addition considerably
lowers a polishing rate of the silicon wafer, which results in lower productivity. [0040]As a silicon wafer, for
example, a monocrystalline silicon wafer, a polycrystalline silicon wafer, or the like maybe adopted.
Further, as a diameter of the silicon wafer, for example, 100 mm, 125 mm, 150 mm, 200 mm, 300 mm,
450 mm, or the %%lnay bngzj}ﬁ%r[O rﬁ"(}t]ﬁoé? %%'“%361 yggfggﬁ%i r%tﬁ% polished, a siliconﬁ/vafer in which
no oxide film is[pres nt at least on the surface serving asS a sur %ce to be polished between the surface
and the rear sutrfate softisguie Jdndrisdreionirsdy dssthlyracasitive oxide film of sggwauyhately 5to 20 A is
present on a surface of a silicon wafer befare a rough polishing process, which makes it difficult to

eliminate the nRRISHRALEAR ST YHaCTRENIIARRWE Lsolution with no frd@PSPRAERRY grains. For
eliminating the pafive-A4de filve adusthed darsligrating Rative oxide film by etghiagdyocessing using a

solution such as hydrofluoric acid, a method for eliminating native oxide film by polishing processing using
a polishing liquiasteetafivielyrfredeabicsine gfietimytoedhs like may be adopteddiedoletitarrying out rough

polishing. In addition, in the case where the native oxide film is eliminated by polishing processing using a
polishing liquid %Bﬁ?a?ﬁ'ﬁ@%ﬁ%%B@gﬁ}ggg?Qiﬁts,eﬁgﬁﬁﬁﬁﬁ%rﬂnative oxide film, bk %ﬂgg%tﬁe wafer surface
maybe Eolis_hecglgﬁﬂ@;@tq feeldprdRevarepuré aiaplishingiiyheugh polishing. [0042]Ahgid material is used
as an abrasive cloth.

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
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Thereby, it is possible to achieve reduction in roll-off amount o f the outer circumferential portion o f the
silicon wafer . That is, because the polishing processing is carried out in a state in which the silicon wafer
s pressed against the abrasive cloth, given that a soft abrasive cloth is used, the silicon wafer is
subducted into the abrasive cloth, and the action of reaction force bywhich the abrasive cloth tries to turn
back get s stronger on the wafer outer circumferential portion,whichmakes it easy to cause roll-off.
Further, with a hard abrasive cloth, it is possible to extrude the water-soluble polymer absorbed to the
surface to be polished of the silicon wafer in the wafer outer circumferential direction, to efficiently
eliminate it, which makes it possible to keep the high polishing rate and Improve the quality of the surface
roughness of the silicon wafer. As a hard abrasive cloth, an abrasive cloth composed of a nonwoven
cloth r_nade of pwg((t?tg@ﬂk i ﬁ%ﬁ ﬁlgtgdgél?%]% pé%iw%iema_ne, or the like m_a)f_Bﬁ _&j_ted. In particular, an
abrasive cloth made of polyurethane foam, which is excellent in accuracy of mirror-finish onto the surface
to be polished ahtheasdicaneneifeundetiesiiiplertibomenaygdei in the case wherergra&lghsive cloth made of
suede which is soft and easy to track the outer circumferential shape of the silicon wafer, which may be

used for final pARKHGIatEwychieRig BRI ARG circumferential pdRfHT&@Belerated, which

results in roII-ofgﬁ%%}%%p&gﬂ&papgm;yﬁammg is preferable to adomcmmlarasive cloth of 70
to 90 as Shore-D hardness specified by JIS K 6253-1997/ISO 7619, and with compressibility of 1 to 5%,

in particular, 2 t@Bodf and rcdsepof being lower than 70 as Shore-D hardness, during polishing, the
polishing liquid is inhihited from flowirrﬁgéir%o th? outef].circumfergtial ortion of the silicon wafer, to reduce
the amount of the water"<oHibl8 80 ¥ O 88{'3 'cﬁPaﬁ?ﬁfQP H?ﬂr@ortion, thereby incrgasing the

polishing rate opgiighmdiRdeerRaiah§ireeairIsnEgtadge of the silicon waferowbiehy makes it easy to
cause roll-off of the wafer outer circumferential portion. Further, in a case of being higher than 90 as

Shore-D hardnédg, Waesa SRy cAllisenaeysniiai @ aRiRbristhack@iRifsurface. [0044] Lappthg is carried out
by relatively rotati he silj the abrasi h. The t "relati ting" tati
y relatively ro gg@&aﬂﬁ%@ﬁ%}éﬁ%gg&g& ?ng 1a8lys,flath. The term "rela |¥]§%£%Eaﬁ:ng means rotating

the silicon wafer, rotati e abrasive cloth, or rotating both of the silicon wafer and the abrasive cloth.
The rotational difelisomaofidhefsikcamplafely axeathimghrasive cloth are arbitraghifigira@ample, the
rotational directions of the silicon wafer and the abrasive cloth in the case where both are rotated may be

the same or diffSriFASH BEGMAHRO Polishing, itis possible to make

thewaferoutercircumferentialportionintoaroll -upshape.
Therefore, for example, roll-off of a wafer outer

circumferential portion in final polishing may be a ssumedto
achieveanidealflatshapeonanoutercircumferen tialportion

of a product wafer.

[0031] Inaddition agthereasonforreductionin roll-off,

it is presumed that the following phenomenon may oc cur.
Becausethewater-solublepolymerinthepolishing liquid

is absorbed to the surface of the silicon wafer dur ing the

polishing processing, the wafer surface comes to be covered

withthewater-soluble polymer. However,becauset hepolymer

membrane formed on the surface to be polished (the plane to
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[0045]The polishing rate of the silicon wafer in rough polishing is preferably 0.05 to 1 gm per minute.
Given that the poll shing rate is lower than 0 . 05 pm per minute , the poli shing rate is low, and it takes a
long time for polishing. Further, given that the polishing rate is higher than 1 pm per minute, it is easy to
cause surface roughness of the silicon wafer surface by the highly-concentrated alkali. The rotation
speed of the silicon wafer, the rotation speed of the abrasive cloth, the polishing pressure, and the like
may be set to be within a range of the above-described polishing rates, and for example, the rotation
speeds of the silicon wafer and the abrasive cloth may be set to be within a range of 5 to 30 rpm, and the
polishing pressure may be set to be within a range of 50 to 500g per cm2. In addition, the amount of
polishing by rough polishing maybe set in consideration of a desired silicon wafer thickness , and is

basically set to ithi - fnm to 10 gm per mi amount of polishing
by final polishingggﬁﬂngég@#gﬁéﬁﬁ%ﬁgﬁﬁ%i%%?@é% to be within a rang;émqg%? ﬂ-%grg or equal to 500 nm
at a maximum. {664 pptistmefropolisichghefibly sidicor wWalaneds single-wafer typerpodisting device maybe
used, or a batch type polishing device that simultaneously polishes a plurality of silicon wafers may be

used. The rouglF PEIPSHANARING BRIl RYERGEIERE AR onto the surface ofHMKSside polishing for
simultaneously(pgpgai%{q%,wﬁéeéﬁgrf@@%&ungoqgagémquﬁe.|t ¢ In particular, for simyjtaneously rough

polishing the wafer surface and rear surface, it is preferable to polish those by use of a double-side
polishing deviceansidrriedsbaipipseblidting peogikaspistbyirenditd a silicon wafer id p@ywed, and an upper

surface plate ani}a IO\{ver S}Jrfac .é)latﬁglon thich abragive cloths inserting the ﬁ)agl r glate from above
and below are 6 SEHEHHREN é e %%%X%%E@SW 5%@?'ﬁ9ereby, it is poss fet0 Behieve high
flattening not ol ey WakehshEaaes Picbendha g rRfedearsurface by one polighirgtpeocessing, which is
effective for providing mirrored silicon wafers at low cost and of high flatness. The abrasive cloth on the

upper surface m&t@WQh@%ﬂ%%mﬁﬁGﬁtﬁe%WéﬁfGﬁ&é@plate may be méﬁé/(ﬁlff the same material,
or may be madg gififfergnuRatsHRiR PRt Aetdie dipe of carrying out doyblcsaide pglishing

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 r
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,
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onto the surface and the rear surface of a silicon wafer by use of a polishing liquid with no free abrasive
grains, it is preferable to polish the silicon wafer such that the thickness of the silicon wafer after rough
polishing is made thicker than the thickness of the carrier plate. Thereby, polishing of the carrier plate by
the abrasive cloth is inhibited, which makes it possible to prevent deterioration of the carrier plate.
Additionally, during polishing processing, vibration of the wafer and the carrier plate is dampened, which
makes it possible to prevent the wafer from jumping out of the carrier plate. As this double-side
polishing device, a sun-gear (planetary gear) system device, or a non-sun gear system device which
causes the carrier plate to cause a circular motion without self-rotation may be adopted. [0048]The
polishing liquid is used at the time of rough polishing at least the surface serving as a surface to be
polis_hed b_etweg&ﬁm%iﬁgg@ggi%gqém%rl%%mgg&ﬁt%ﬁlsiIicon wafer, andiggliwgi'ag%@lkaline aqueous
solution with no free abrasive grains serves as a base compound, and a water-soluble polymer is added
to the alkaline agh@mrsaviutiasabasec&@apausdithgofishisiyng liquid containgythe. aNdeline aqueous solution
with no free abrasive grains serving as abase compound, the surface to be polished of the silicon wafer is

polished mainly'B§ N eReidtaicbanstishedeiasiteniiaiBbssible to avoid genétBABH6f process damage by
a mechanical agfianassqRRRERRALRONFURGJIsRgLEsS abrasive grains, apibigoid

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 s
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
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possible to reduce defect generation caused by a process such as micro-scratching caused by an
aggregation of abrasive grains. [0049]Further, in the polishing liquid, the alkaline aqueous solution is
adjusted to pH8 to pH13, and any of basic ammonium salt, basic potassic salt, and basic sodium salt is
added to the alkaline aqueous solution as an alkaline agent, and the alkaline agqueous solution is an
alkaline carbonate aqueous solution, or an alkaline aqueous solution to which an amine is added. The
water-soluble polymer is preferably composed o f one type or several types from among non-ionic system
polymers and monomers, or one type or several types from among anionic system polymers and
monomers. With this, defects caused by a process such as scratching or scarring are not generated on
the surface of the silicon wafer, it is easy to handle the polishing liquid, and it is possible to obtain a high

polishing (etchiggpu%gg fgft%gﬁﬁm?gwg%%”lf%@&%\%ﬂwt o f the alkaline CRMpReNt in the al kaline
aqueous solution is préferably set to to ppm. en it is less than 100 ppm, the etching force

onto the surfacamjthastiticononafesblythsicpibiais stoeait sufficient, and it takbasidaouiuime for polishing the
silicon wafer to a predetermined thickness. When it is over 1000 ppm, it is difficult to handle the polishing

liquid itself, andRiFHR2AIed: R A0 AYRINSSENANAUEIRNYRAT SR on the wafer st ER%E By an excess etching
reaction. [0051 145 Aker-sQleBiRPRYmEh thiSRIIGHMine is a dded.

Otherwise, an aqueous solution of hydrazine or amin esmay be
adopted. Fromthe standpointofincreasingapolis hingrate,

it is preferable that ammonia-free alkali, particul arly, an
amine is used.

Thecontentofthealkalineagentinthealkaline aqueous
solution is 100 to 1000 ppm. When it is less than 100 ppm,
theetchingforce ontothe surface ofthesiliconw aferbythe
alkalineagentisnotsufficient,andittakesalo ngtimefor

polishingthesiliconwafertoapredeterminedthic

kness. When

itis over 1000 ppm, itis difficult to handle the polishing
liquid itself, and further, surface roughness is ea sily
generated onthewafersurface by anexcessetching reaction.
[0034] Furtherastheotheraspectothepresent invention,
the rough polishing may be splitinto a first-step polishing
usingafirst-steppolishingliquidandasecond-st eppolishing
usingasecond-steppolishingliquid,andconcentra tionofthe
water-soluble polymerinthesecond-steppolishing liquidmay
be made higher than the concentration of the water- soluble

polymer in the first-step polishing liquid.
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preferable to contain hydroxyethyl cellulose. Highly-pure hydroxyethyl cellulose is relatively easily
available, and a polymer membrane is easily formed on a wafer surface. Therefore, hydroxyethyl
cellulose has the characteristic of a high effect of inhibiting an etching reaction by alkali. [0052]The
concentration of the hydroxyethyl cellulose in the polishing liquid is preferably set within a range of
concentration from 0.1 ppm to 1000 ppm. It is extremely difficult to manage daily the concentration o f the
water-soluble polymer in the polishing liquid to be within a range of concentration less than 0.1 ppm, and
when the concentration is over 1000 ppm, the polishing rate of the silicon wafer is considerably lowered.
Additionally, the silicon wafer outer circumferential portion is excessively rolled up, which makes it
necessary to considerably increase the amount of polishing by final polishing carried out after rough
polishing. [005 cl‘uer, fr i rl)l Inad f al ions contained ip the polishing liquid,
it is preferable ioH:g# a ch(ﬂ%mfg%%%tﬂ%%fsﬁwgﬁgwgé y addition of a chelate? é%ent, metal ions
are captured tofoereaghjplelistdngaind teeezatisridpdish discarded, thereby it is possilziete reduce the level
of metallic pollution of the silicon wafer after polishing. As a chelate agent, any substance having a

chelating ability“RAR" B8PS MELICIIAL A2y BELEPIERBR BN means bond (colidfation) to metal
ions by a Iiganq,{@gg&@éym@q% O%Qi?ﬂgi.n@g%cﬂﬁély%ﬁow Moreover, finaérp{dig;{éing is applied on at
least the surface of the rough polished silicon wafer. The condition for that is not particularly limited. A
single-wafer typmpegdizshatigrieitewater-selukledolyraebittietype polishing devidstvtéeh simultaneously
polishes a plurality of silicon wafers_may be used. The final polishing may be one-side polishing only onto
the surface or q%ﬁ%?@p&\ “E&ﬁ&ﬁﬂ&'%ﬁé‘i‘?ﬁﬁ&i Igglcs"jiglr/rpolishing the wafer sl?r?‘éggsr 8 rear surface.

[0054] As a typenefdbgishialpts agestarfastoaiRhig, & phepsphionate system chelatgyrgent, an
aminocarboxylic acid system chelate agent, or the like may be adopted. However, in view of the solubility

thereof in the alRalRRS&dHeoRalIshingoRien ARRoEHoNAIdIERId system chelate ageigRs favorable.

BN T R G S
acid (Diethyleneebaanisteppolishingliquidinwhichtheconcentra tionofthe
water-soluble polymerisincreased,itispossible toinhibit
roll-offfrombeinggeneratedontheoutercircumfe rentialpart
of the wafer.

Inthisway, afterthefirst-steppolishinginwhi chthe
amountofpolishingisincreasedatahighpolishin grate,the
second-steppolishingiscarriedoutontothepolis hedsurface
ofthesiliconwaferorwhichthefirst-steppolish ingiscarried
out by use of the second-step polishing liquid in w hich an
additive amount of the water-soluble polymer is inc reased.
Therefore, a polishing time of the silicon wafer on which
roll-off of the outer circumferential portion is re ducedis
shortened, whichmakesitpossibletoimprove produ ctivity of

mirrored silicon wafers.
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Pentaacetic Acid)ismorefavorable.Otherwise, nitrilotriacetic acid (NTA) as well may be used. A chelate
agent Ispreferablyaddedwithinarange of concentration from 0.1 ppm to 1000 ppm, thereby, it is possible
to capture metal ions such as Cu, Zn, Fe, Cr, Ni, or Al. [0055]Hereinafter, examples of this invention will
be described in detail. Here, a method for manufacturing a double-side polished silicon wafer whose
surface and rear surface are polished, and a polishing liquid for the method will be described. Example 1
[0056]Amethod for polishing silicon wafers and a polishing liquid therefor according to Example 1 of the
present invention will be described. In Example 1, the rough polishing process is split into two steps to be
carried out . As a primary poli shing process, the polishing was carried out by use of a polishing liquid
containing free abrasive grains in order to eliminate a native oxide film present on the wafer surface, and
as a secondary;peN Lmi ishi g I t by use of a polighing liquid with no free
abrasive grains[ﬁ?%? eprrg?é? g%ﬁg@g a%t'tighﬂl{ﬁg\&gtt%e s?i |cc|)(%1%%l ﬁér. The doub%ﬂgtl%é polished silicon
wafer whose systdisaingidjuebssddaodiatestappolissumtace polished is manufgetfeedbly

10 ppm or less, which makes it possible to polish a silicon
wafer while keeping a high polishing rate without i mpairing
the etching action by the alkaline aqueous solution

The polishing condition for the second-step polish ing
may be the same as or different from the polishing condition
for the first-step polishing except for the additiv e amount
of the water-soluble polymer. Further, as a type o f the
water-soluble polymer, the same type may be used or the type

maybechangedinthefirst-steppolishingandthe

second-step

polishing. Inthe second-step polishing, a polishi ng device
used for the first-step polishing is continuously u sed
immediately after the first-step polishing, and the additive
amount of the water-soluble polymer in the polishin g liquid

suppliedaheabrasiveclothmaybemerelychange

diincreased).

Further,anotherpolishingdevicedifferentfromth epolishing
device used for the first-step polishing may be use d.
[0037] Asawater-solublepolymer,anionic,non-ion ic,and
ampholyticrespectivepolymersandrespectivemonom ersareused.
Indetail,asawater-soluble polymer, hydroxyethyl cellulose
or polyethylene glycols is preferably used. In par ticular,
highly-pure hydroxyethyl cellulose is relatively ea sily
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through the following respective processes. That is, a monocrystalline silicon ingot with a diameter of
306 mm, a length of its straight body of 2500 mm, a specific resistance of 0.01 Qcm, and initial oxygen
concentration of 1.0x1018atoms/cma3 is pulled up by the Czochralski method from a melting liquid for
silicon doped with a predetermined amount of boron in a crucible. [0057]Next, after the one
monocrystalline silicon ingot is cut into a plurality of crystalline blocks, grinding of the outer
circumferences of the respective crystalline blocks is carried out. Next, a large number of silicon wafers
with a diameter of 300 mm and a thickness of 775 m are sliced from a silicon monocrystal by three
grooved roller wires which are triangularly-arranged. Thereafter, a chamfering grinding stone in
rotation is pressed against the outer circumferential portion o f the silicon wafer to carryout chamfering,
and next, both (li f i ly lapped with a ngply- (fle lapping device.
Next, the silicor% %ﬁ@%%&ﬁ%@mgl%@ﬁ &%{pﬁgé%gagr@g%w %té((:hing solution in an et% |Elg tank to be
etched, therebyseliadeatingTiendge by hdrehgatifgringetiobdbe lagpintheThereafter, primary polishing and
secondary polishing are _sequentiallgl gg&ied onto the surface and the rear surface of the silicon wafer.

[0058]In the priff A HEASHRE PAGRECCOBIHREIIBBRShing is simultaneouskMFRBEI80t onto the surface
and the rear sugggﬁ(gf_tn%\ﬁg\;@pm%; @gHg&igg%,Bé@@Wap@Iishing liquid by usipghbfnNon-sun gear

system double-side polishing device 10. Aprimarypolishing liquid of pH10 containing a KOH solution of
0.08% by weigholuiets coretéongeasileidangitchipgrickesil{f@e abrasive grains) witfeabyaverage particle

diameter of 70nm, @{ % b Wei%ht ii lﬁﬁed. Witth thi 1th nrative oxide films formed ton the surface and the
rear surface of HESICOR %%'r%? LIS Ea AR Sy 2 Mechanical action oPfife¥PEe abrasive grains.

ofwater-soluble polymermay be used, orapluralit yoftypes

of water-soluble polymers may be used.

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

or the like may be adopted. Further, as aliphatic alcohol,
for example, polyvinyl alcohol or the like may be a dopted.
[0039] The concentration of the water-soluble polym erin
thepolishingliguidmaybesetwithinarangeofc oncentration
from 0.1 ppm to 1000 ppm, and particularly, itis p referable
to be less than or equal to 100 ppm. In the case w here
hydroxyethylcelluloseisadoptedasawater-solubl epolymer,
itsadditive amountis preferably 100 ppmorless. Excessive
addition considerably lowers a polishing rate of th esilicon
wafer, which results in lower productivity.

[0040] Asasiliconwafer,forexample,amonocryst alline
silicon wafer, a polycrystalline silicon wafer, or the like
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[0059]Hereinafter, the non-sun gear system double-side polishing device 10 will be described in detail
with reference to Figs. 1 and 2. As shown in Figs. 1 and 2, an upper surface plate 120 of the
double-side polishing device 10 is driven to rotate in a horizontal plane by an upper side rotary motor 16
via a rotary shaft 12a extended upward. Further, the upper surface plate 120 is lifted up and down in a
vertical direction by a lifting and lowering device 18 that moves it forward and backward in a direction of
axis. The lifting and lowering device 18 is used at the time of supplying and discharging a silicon wafer I
to and from a carrier plate 110. In addition, polishing pressure onto the surface and the rear surface of the
silicon wafer 11 from the upper surface plate 120 and the lower surface plate 130 is 300 g/cm2, which is
applied by unillustrated pressurizing means of an air-bag system or the like, which are built in the upper
surface plate 1 é I f Tdﬁ fl?o r surface plate 130 | ed in a horizontal
plane by a Iowe%rq S A’Bé! r%a%% )i/)é{r}é?otor gﬁ'/%é) gﬁ%ﬁ%qgtrs %t%a thereof. The carggﬁ\é%%’llo has a
thickness of 75@pexaande;a0sanrm, dipsutan maiannt) 20plame, gatatkehto the surfaé® afrthe plate 110
(horizontal plane) by a carrier circul ar motion mechanism 19 such that the plate 110 itself does not rotate.
[0060] The carfrEGdERMALEEFIEEchanism 19 has a ring-like carrier holder 20 holding the carrier plate
110 from the OL[E%QQ] The catdeliclrWaremetier [iggy L and the carrier holgler, 20 are interlocked
via an interlocking structure. Four bearings 20b projecting outward are di sposed at every 90 at the
outer circumferetdialipyhichnofoxidefimiepiesieiatoattoading end portions ofreseeiagit shafts 24a

provided to pro'%ect at eccentri(f ositigns 0@1 F{m ll:z%ger su\[)ffces of small-diametir and disc shaped
eccentric arms 24 4re .%‘t&aﬂif SERGRRTE ﬁ% Vﬁﬁ%%?l ebséjzgrings 20b. Furth ?,CFO?Q shafts 24b are
Installed verticaly tedhs. el rrdionsis@f teedesdeciiv@ypottom surfaces of thagavieur eccentric arms
24. The respective rotary shafts 24b are rotatably Inserted into four bearings 25a in total disposed at
every 90 to a riRgiiR&IMRfiaprIaxEBiRly 219 28 8 RESRESHBBLIVely project their RETA§EN portions
downward. Sprocke i j o e leading end portj rgjecting downward, of
the respective r%%%@égﬁﬁv%%%%@% Etil}r(yrj]ﬁ%{ @ﬁ%ﬁ]}?@dﬁéc%sg; string in a horizdﬂ?‘aﬁ&%,ggridged over the

respective sproiditiis 2iodimeisattabe spiockrideBbndigd the timing chain 27 sihadtiealg@usly rotate the four
rotary shafts 24b such that the four eccentric arms 24 synchronously cause a circular motion.

[0061]Among tHRE¥EGHFoTAHISRMEN Y TEREPERSNEHAHDS-

For eliminating the native oxide film, a method fo r
eliminating native oxide film by etching processing using a
solution such as hydrofluoric acid, a method for el iminating
native oxide film by polishing processing using a p olishing
liquid containing free abrasive grains, or the like may be
adoptedbefore carryingoutrough polishing. Inad dition,in
thecasewherethenativeoxidefilmiseliminated bypolishing
processing using a polishing liquid containing free abrasive
grains notonlythenativeoxidefilm butalsath ewafersurface
maybepolishedsoastoreducetheamountofpolis hingbyrough
polishing.

[0042] A hard material is used as an abrasive cloth
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24b is formed longer, and its leading end portion projects downward from the sprocket 26. A gear 28 for
power transmission is firmly fixed to this portion. The gear 28 is geared with a large-diameter gear 30 for
driving which is firmly fixed to the output shaft extended upward of a circular motion motor 29.
Accordingly, when the circular motion motor 29 is started, its torque is transmitted to the timing chain 27
sequentially through the gears 30 and 28, and the sprocket 26 firmly fixed to the longer rotary shaft 24b.
Due to the timing chain 27 cycling, the four eccentric arms 24 synchronously rotate in the horizontal
plane centering on the rotary shafts 24b via the other three sprockets 26. Thereby, the carrier holder 20
collectively interlocked with the respective eccentric shafts 24a, that is the carrier plate 110 held by the
holder 20 causes a circular motion without self-rotation in the horizontal plane parallel to the plate 110.
[0062]That is, t K| LEB - irel g eeping a state of being eccentri distant L from a
shatft line e of tﬁ?ﬁ%ggﬁép r%%éb %?g%&iggé% St%lﬁe‘8 ﬁo%v@ surface plate 130. Pr(f)ffeg{a %@ﬁ/e cloths 15 made
of urethane foaothesineoir8inasrShtsipditibasdhesicand with compressibilitywafe?.5Maare pasted on the
respective opposed surfaces of both surface plates 120 and 130. The aforementioned distance L is

the same as théSdIEERHEE BERRIERIHHPIQCESHIRR ISP AN the rotary shaft PRI the points on the
carrier plate 11%%%“@%8%@5@8&&%ﬂ5@%§3m6 size (radius rpRsiheeieular motion without

self-rotation. Thereby, the simultaneous double-side primary polishing was carried out such that the
silicon wafer 11givsunsiddtia sofiafenahivesiteghpertiegd 1the filimed in the carrier plateniiaféas the amount of

polishing of 0.5.m gn, one si eél m an both sidﬁ%b setting the rotational directjons of both polishing
surface plates i%’%%%cqfé%%oﬁ S r&?%ﬁﬁ@&fﬁg ?ggorotational speed of ?f?féeﬁ&k'&qing surface plates
120 and 130, therpatiaitindibeessasr é0taiedalisie polishing time, andigeditengaring this double-side

primary polishing, the primary polishing processing was carried out for three minutes while supplying a
primary polishifiyiaferpreroiisupresRiEIeRIP REC PRI ticles with an ave?&§8itBalicle diameter of

70nm, and of 5%} pguygi%mgﬂeﬂg$%q (o) Iéglgl&g%;gﬂlgfco.%% by weight, to IBmhitabrasive cloths 15 at
i . : ,

9 liters per minute.

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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[0063] In this way, the polishing solution in which the KOH solution containing free abrasive grains is
added is adopted as a polishing liquid for primary polishing. Therefore, as a pretreatment before the
secondary polishing without the intervention of free abrasive grains, it is possible to eliminate the
respective native oxide films of approximately 10 A present on the surface and the rear surface of the
silicon wafer 11 for a short time mainlyby a mechanical action of the free abrasive grains. Thereby, it is
possible to perform mirror-surface polishing using a piperidine solution which will be described later at a
high polishing rate in secondary polishing. That is, in primary polishing carried out after the elapse of
a predetermined time after etching, generally, a native oxide film is present on the wafer surface. It is
difficult to eliminate the native oxide film by only chemical secondary polishing with no free abrasive
grains. Thereforg,: imar ishi ' %1 r sive grains was appli ore the secondary
polishing, makir(@1 ll%%%&%%%o S Bgﬂﬂ%gqﬁﬁgﬁrﬂ ’%@%%ﬁ?r@ting the native oxiﬁ@ ﬁ%}#@%d prevent
deterioration inweadeluotiwty aicinaferentinppbsived isiliuoelaraters 11. [0064] Next, seabiudary polishing is
carried out onto the surface and the rear surface of the silicon wafer 11 by use of a secondary polishing
liquid with no abFSLlRyFaIkein detail, the surface and the rear surface of the silicon wafer 11 are
secondarily poI@@g@(mirm&%%ﬁ@@@ﬁ@gmm@& polishing liquid of pkQmdn which
hydroxyethyl cellulose (HEC; water-soluble polymer) of 110% by weight (10 ppm) is added to a piperidine
solution with nddredab sz gsbiaslattabf0.08 %0 Be \Bbigiet bl using the non-suardjerassystem

double-side polishing devi e jmar | shing That is, the simultaneous double-side
secondary p0|i8§’ﬁﬁ&ﬁ§ (g)a}'fﬁgg%lﬁi&é%ﬂ%ﬁﬁé@lﬁggﬁ&bg?g? 11 housed in Hﬁ%%z?)ﬁ"é housing portion 11a
of the carrier plate {gl6hhas gariaiptesnaplipkirggwf §f pm on one side (10 paiendh sides) at a

polishing rate of 0.5 pm per minute by setting the rotational directions of both polishing surface plates 120
and 130 opposéprafidasdpienied e doefforIIBpeelshittdlishing surface MalEBIN20 and 130, the

polishing pressyre; i BL ime, El;\ H& uring this secondary polishi e secondary
polishing liquid %@éﬁ&@%u% Fﬁﬁ"g@g@?ﬁgc% sgrlc?. The other polishing %@%%&@re the same as
those in the cagmaiopriohag polisinngafier additidocddoauaseotine thickness of the caofiehglate 1101s750pm,
and the thickness of the silicon wafer 10 after secondary polishing is 764 pm, the silicon wafer 10

maintains a sta3 AP HRURBHANVER PYE SRR B the carrier plate evRUfter the rough
polishing. [OOGQLH?éGﬁN&?é’as%% ﬁi@cﬁﬁﬂimﬁrr&t% froimawhichthe native oxide filps ayg eliminated and the
abrasive cloths 15 aré relatively rotated while supplying the secondary polishing liquid in which
hydroxyethyl ceditdopddseatiaedge aftbgsijiesinwaarolttionndth no free abrasivkegitdasyto the abrasive
cloth, to polishéhe surfacg_affwit]ge rear surface of the silticon wafer 11 by 5 m on ane side. At this time,
the abrasive clothé 1340 B £ g %i”fg%ﬁﬁg{%%r%ﬁw &R the rear surface 01I RRE"QNcon wafer 11 by the

action of polishingrpEsa@sadthtegnygliexyeivd gelhinse membrane in the) pafigheag, liquid adhering to
the surfaces of the silicon wafer 11 is taken away from the surface to be polished of the silicon wafer 11,

and the polishingipragietsseauserRRAEOthinien the WadRbRyethyl cellulose adhéf@éeto the outer

circumferential R)?)Wﬂn of thI_eapping is carried out by relatively rotatin gthe
silicon wafer and the abrasive cloth. The term “re latively
rotating” means rotating the silicon wafer, rotatin g the
abrasive cloth, orrotating both of the silicon waf erandthe
abrasivecloth. Therotationaldirectionsofthes iliconwafer
and the abrasive cloth are arbitrary. For example, the
rotational directions of the silicon wafer and the abrasive
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silicon wafer 11. Therefore, the surface and the rear surface of the silicon wafer 11 are polished at a high
polishing rate of 0.5 pm per minute while keeping high flatness by an etching action of the alkaline
agueous solution and an action of eliminating hydroxyethyl cellulose by the abrasive cloths 15.

Further, because the surface and the rear surface of the silicon wafer 11 are polished mainly by a
chemical action, it s possible to avoid generation o f process damage by a mechanical action such as
conventional polishing using free abrasive grains. In addition, because the polishing does not use free
abrasive grains, it is possible to reduce defect generation caused by a process such as micro-scratching
caused by an aggregation of abrasive grains. [0066]On the other hand, because the hard abrasive cloths
15 made of polyurethane foam are used for the outer circumferential edge of the silicon wafer 11, and
hydroxyethyl ceéw{fﬁﬁ # @gggg\m{&%moqur%mﬂgl]é%%gtﬁ% ?rp(_)(asive cloths 15 ag%r%lgv s inhibited from
adhering to the outer circumferential surface (chamferingplane) of the siliconwafer 11 during polishing.
Thereby, coveritiffdteniiedar @atbrotireumferential surface with the hydroxyethyl cellulose in the polishing
liquid becomes a fﬁrotective film for the wafer outer circumferential surface with respect to etching. As a

result, the polidhftftplate of PRAIKBIRCHRIGAIPCREGRRMRISELT bortion of the silicon F&r 11 is lowered,
and it is possibl&q%ﬁg@g FQI’&'QBIWO%@ Wafer outer circu%&p%hgg&ti@qbéﬁqm results in making
capable flatness control of the wafér outer circumferential portion including roll-off and roll-up. In addition,
the reason for ttipalisbitgiateseneitrallufSs allowed to o¢earasnithietlzdeolshieg circumferential portion,
is because it is P gsi le to al}l] ose Ealancin?-out v%/&h roll-off of the outer circumferential portion of the

|

silicon wafer 11 P4hae SFS Q@ﬁ'ﬂbe 85985 P9 In contrast theret 'u]c eéXampIe, in the case
where soft abragivehéithihapadentipuese aighes@@dnthe abrasive cloths digpasadiaieve and below touch

the outer circumferential surfaces of the silicon wafer 11, thereby promoting roll-off of the outer
circumferential {igt#eYioehusessilfeef QuaranessotbesiigEurther, because theMeEsK{ASRYI cellulose is
adopted as a water- @)]I i r membrane is formed on the outer circumferential portion
of the silicon Wé%%léﬁ hlﬁzﬁqggg@{%?%%%e egt that it is possible to inhibit an etching action by the
piperidine solution. Furtieerotitisnssprtre mictyehsdicynpusiée rwhieihotagakes it possible to reiduce impurity
contamination. Further, because the concentration of the hydroxyethyl

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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cellulose in the secondary polishing liquid is set to 10 ppm, no defect caused by a process is present on
the surface and the rear surface of the silicon wafer 11, and it is possible to polish the silicon wafer 11 in
which roll-off of the wafer outer circumferential portion is reduced, for a short time. Because the
alkaline aqueous solution which is adjusted to be within a range of pH10.5 is adopted, defects caused by
a process such as scratching or scarring are not generated on the surface of the silicon wafer 11, it is
easy to handle the polishing liquid, and it is possible to obtain a high polishing rate of the silicon wafer 11.
Further, because expanded polyurethane resin is adopted as a material of both abrasive cloths 15, it is
possible to reduce the roll-off amount of the outer circumferential portion of the silicon wafer 11.
Thereatfter, final polishing is applied onto the surface and the rear surface of the secondary-polished
silicon wafer 1 | ' ifi final-cleaning is furthe | gE ut. Here, SC1
cleaning using%M{gﬁ%F?cheﬁrﬁgﬂ%ﬂ@%%ggg@%ﬂgﬁg%qzécr:arried out onto thgleg?gé@ %ve silicon wafers
11. Example 2 [i)is8]Agniet/iosltfart piolisitng cuktppolisifesa ahd a polishing liquichtingoeéfor according to
Example 2 of the present invention

siliconwafersmaybeused. Theroughpolishingma ybeone-side
polishing only onto the surface or double-side poli shing for
simultaneously polishing the wafer surface and rear surface.

In particular, for simultaneously rough polishing the
wafersurfaceandrearsurface itispreferableto polishthose
byuseofadouble-sidepolishingdevicewhichise quippedwith
acarrierplateinwhichasiliconwaferishoused, andanupper

surfaceplateandalowersurfaceplateonwhichab

rasivecloths

inserting the carrier plate from above and below ar e pasted
onthe respective opposed surfaces. Thereby, itis possible
toachievehighflatteningnotonlythewafersurfa ce,butalso
the wafer rear surface by one polishing processing, whichis
effective for providing mirrored silicon wafers at low cost
andofhighflatness. Theabrasiveclothontheup persurface
plate and the abrasive cloth on the lower surface p late may
be made of the same material, or may be made of dif ferent
materials.

[0047] Atthetime of carrying out double-side poli shing
onto the surface and the rear surface of a silicon wafer by
use of a polishing liquid with no free abrasive gra ins, itis
preferabletopolishthesiliconwafersuchthatth ethickness
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will be described. In Example 2, the secondary polishing process carried out in the present example is
further split into two steps ( first-step poli shing and second-step poll shing ) to be carried out. The
polishing was carried out such that, in the secondary polishing (first-step polishing), the concentration of
the water-soluble polymer in the polishing liquid is set to be a low concentration in order to Increase the
polishing rate of the silicon wafer 11, and in the tertiary polishing (second-step polishing), the

concentration of the

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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water-soluble polymer in the polishing liquid is set to be a high concentration in order to inhibit a roll-off
amount of the outer circumferential portion of the silicon wafer 11. In the invention of Example 2,
secondary polishing (first-step polishing) which is the same as the secondary polishing in Example 1 is
applied except for the point that hydroxyethyl cellulose of 11Q% by weight (0.1 ppm) is added into the
secondary polishing liquid, and the amount of polishing of the surface and the rear surface of the silicon
wafer 11

possibletoreduce defectgenerationcausedbyapr ocesssuch
asmicro-scratchingcausedbyanaggregationofabr asivegrains.
[0049] Further, in the polishing liquid, the alkali ne
agueous solutionis adjustedto pH8to pH13,and an y of basic
ammonium salt, basic potassic salt, and basic sodiu msaltis
added to the alkaline aqueous solution as an alkali ne agent,
and the alkaline aqueous solution is an alkaline ca rbonate
agueoussolution, oranalkalineaqueoussolutiont owhichan
amine is added. The water-soluble polymer is prefe rably
composedofonetypeorseveraltypesfromamongno n-ionicsystem
polymersandmonomers,oronetypeorseveraltypes fromamong
anionic system polymers and monomers. With this, d efects
caused by a process such as scratching or scarring are not
generated on the surface of the silicon wafer, iti seasyto
handle the polishing liquid, and it is possible to obtain a

high polishing (etching) rate of the silicon wafer.

[0050] Thecontentotthealkalinecomponeninthe alkaline
agueous solution is preferably setto 100 to 1000 p pm. When
it is less than 100 ppm, the etching force onto the surface
of the silicon wafer by the alkali is not sufficien t,andit
takes a long time for polishing the silicon wafer t 0 a
predetermined thickness. When it is over 1000 ppm, it is
difficulttohandlethe polishingliquiditself,an dfurther,
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is set to 4.5 pm on one surface (9 gm on both surfaces), and thereafter, the surface to be polished of the
silicon wafer 11 is tertiary-polished (second-step polished) by use of the tertiary polishing liquid containing
high concentration hydroxyethyl cellulose as compared with the secondary polishing liquid with respect to
the silicon wafer 11. Specifically, the concentration of hydroxyethyl cellulose in the tertiary polishing
liquid used for tertiary polishing is set to 1x102% by weight (100 ppm), and the amount of polishing of the
surface and the rear surface of the silicon waferll is set to 0.5 pin on one surface (1.0m on both surfaces) .
[0069] In this way, because the secondary polishing of the amount of polishing of 4.5 pm on one surface
of the wafer is applied to the surface and the rear surface of the silicon wafer 11 by use of the secondary
polishing liquid in which the concentration of hydroxyethyl cellulose is 1x105% by weight (0.1 ppm), it is
possible to VOU%*M;S’&@F})HQ%&&%%%%HQ %Qﬁer'%@éoswqﬂg%vafetpe silicon wafer 13, ALR Iugh polishing rate.
Because the tertiary polishing of 0.5 m-on one surface of the wafer is thereafter app?le to the surface and
the rear surfaceanfekeesiietwhiwgieatidpy use of the tertiary polishing liquid in which the concentration of

hydroxyethyl cellulose is increasedtolx10 2% byweight (100ppm), it ispossible to reduce roll-off of the
outer circumfer&iRt portioAS AP IR S HOM N hit iS S8R making capable flat¥ess control of the

wafer outer Cir%@@%@%b%ﬂ%"ﬁ%@f%f@r%ﬁ@%é@'% As aresult, a poli%hjg]_ggime of the silicon

wafer Il on which roll-off of the outer circumferential portion is reduced is shortenéd, which makes it

possible to implysgxysdotidtiylot e ratalivilysidsilnavaitgilished silicon waferteldanda
polymemembraneiseasilyformedonawafersurfac e. Therefore,
hydroxyethylcellulosehasthecharacteristicofa higheffect

of inhibiting an etching reaction by alkali.

[0052] Theconcentrationofthehydroxyethylcellul osein
the polishing liquid is preferably set within a ran ge of
concentration from 0.1 ppm to 1000 ppm. It is extr emely
difficultomanagedailytheconcentrationotthe water-soluble
polymer in the polishing liquid to be within a rang e of
concentration less than 0.1 ppm, and when the conce ntration
is over 1000 ppm, the polishing rate of the silicon waferis
considerably lowered. Additionally, the siliconwa ferouter
circumferentialportionisexcessivelyrolledup,w hichmakes
itnecessarytoconsiderablyincreasetheamountof polishing
by final polishing carried out after rough polishin g.
[0053] Further fromthestandpointofelimination ofmetal
ions contained in the polishing liquid, it is prefe rable to
add a chelate agent into the polishing liquid. By addition
of a chelate agent, metal ions are captured to be ¢ omplexed,
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In particular, because the concentration of hydroxyethyl cellulose used in the tertiary polishing liquid is set
to 100 ppm, it is possible to reduce roll-off as low as possible at the outer circumferential portion of the
silicon wafer 11. In addition, because the other configurations (including the other polishing
conditions for tertiary polishing), and the action and effect are the same as those in Example 1,
descriptions thereof will be omitted. [0070]Next, with reference to the graphs of Figs. 3 and 4, and tables
1 and 2, the results of actual application of primary poli shing containing free abrasive grains and
secondary polishing with no free abrasive grains by the polishing liquid of Example 1 of the present
invention and the methods for polishing silicon wafers using the polishing liquid (Test Examples 1 to 5),
and by a conventional method for polishing silicon wafers using a polishing liquid with no hydroxyethyl
cellulose (Com%‘f‘\ﬂ?@@rm‘?ﬁs@ &g%égd)eq{tﬁgerg iﬁgged' test conditions for t@%i&S arison Example 1
conform to those of Examplé 1 in the same way as those in the Test Examples 1t0 5. In the primary
polishing processiyrdigtenevelas catadid putlddothoethansilictes while supplying therpwatary polishing liquid
containing free abrasive grains (the alkaline aqueous solution containing colloidal silica of 5% by weight

and a KOH sol @i RA!5!8886 BYREIYFHRTS80R: aBYLPE' NS at 9liters per miREA R eliminate the oxide
films on the sur&\%ﬁﬂg %ifﬁ%tﬁ“@%ﬁ%&ﬁﬂ‘ﬁmé%%ﬁé’%& Next, in the secondary,Qgishing process,
the surface and the rear surface of the silicon wafer were secondarily-polished while supplying a
secondary polisbhsigliqoichéangtichd{ydroxgetigingiinibse (tenstafanstalfdig#EC) of Ix10 5 to 1x10'% by
weight is adde(rjnto an alkaline aqueous solution Wiih no free abrasive grains, which contains piperidine of
0.08% by weig agfrylﬂeqjl" ﬁFy[gg?RﬂW'QSHRIbR?% S\\ded that a polishing liquid containing an alkaline
aqueous solution withmeré@ealnasi R diais isnthplie@ies-aeleblg polymer is used, andr wafer holding
system by a carrier plate is adopted in the secondary polishing, the carrier plate vibrates because the
silicon wafer m&vEaes Héhparsiondalishembrdieerim@isslishmg, which brings con€Bgtitiiat the silicon wafer

will jump out Of%}%H&?ﬁgfm'gg{}%ﬂﬁfml}iﬂgal?o/&%?.i@e.m‘?”’ in the secondary p%llls[p&g the

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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secondary polishing is terminated in a state in which the thickness of the silicon wafer is thicker by
approximately 20 gm than the thickness of the carrier plate. Table 1 shows the ratio of components in the
secondary polishing liquid, and the graph of Fig. 3 shows the shapes of the outer circumferential portions
of the silicon wafers after the polishing. For measuring the shapes of the outer circumferential portions of
the silicon wafers, the WaferSight manufactured by KLA-Tencor Corporation was used. [0072][Table 1]
TEST Polishing accelerator (Concentration) Abrasive grains

Pentaacetic Acid) is more favorable. Otherwise,

nitrilotriacetic acid (NTA) as well may be used. A chelate
agentispreferablyaddedwithinarangeofconcent rationfrom
0.1 ppmto 1000 ppm, thereby, itis possible to cap ture metal
ions such as Cu, Zn, Fe, Cr, Ni, or Al.

[0055] Hereinafter, examples of this invention will be
described in detail. Here, a method for manufactur ing a
double-side polished silicon wafer whose surface an d rear
surface are polished, and a polishing liquid for th e method
will be described.

Example 1

[0056] Amethodomolishingsiliconwafersanda polishing
liquidthereforaccordingtoExampleloftheprese ntinvention
willbe described. InExample 1,therough polishi ngprocess

isspliintatwostepstobecarriedout. Asapr

imarypolishing

process, the polishing was carried out by use of a polishing
liquid containing free abrasive grainsin orderto eliminate
a native oxide film present on the wafer surface, a nd as a
secondary polishingprocess, the polishingwascarr iedoutby
useofapolishingliquidwithnofreeabrasivegra insinorder
to achieve flattening of the silicon wafer.
Thedouble-sidepolishedsiliconwaferwhosesurfa ceand
rear surface are mirror-surface polished is manufac tured
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(Concentration) Water-soluble polymer (Concentration) TEST-001 Piperidine (0.00% by weight)
Hydroxyethyl cellulose (10'% by weight)

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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Hydroxyethyl cellulose (10 5% by weight) TEST-006
1to 5, and TEST006 shows Comparison Example 1 with no hydroxyethyl cellulose.

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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To express a shape of roll-off of the outer circumference of the silicon wafer, a Roll-Off Amount
(hereinafter called ROA) is adopted. One dimension (line) is used as a reference plane for measurement,
and 124 mm to 135 mm in a diametrical direction o f the silicon wafer s set as a re ference range thereof.
In addition, fortheROAnNotation, distances from the reference plane at a position of 1. mm (ROA 1 mm) and
a position of 2 mm (ROA 2 mm) from the outer edge (outermost edge) of the silicon wafer were
measured. Table 2 shows these measured values. [0074][Table 2] TEST ROA 1 mm ROA 2 mm
TEST-001 +391.1 +304.6

cycling, the four eccentric arms 24 synchronously r otate in
the horizontal plane centering on the rotary shafts 24b via
the otherthree sprockets 26. Thereby, the carrier holder20
collectivelyinterlockedwiththerespectiveeccent ricshafts
24a,thatisthecarrierplate 110heldbythehold er20causes
acircularmotionwithoutself-rotationinthehori zontalplane
parallel to the plate 110.

[0062] Thatisthecarrierplatel10circleswhile keeping
a state of being eccentric by a distant L from a sh aft line

e of the upper surface plate 120 and the lower surf ace plate
130. The abrasive cloths 15 made of urethane foam resin, of
80 as Shore-D hardness and with compressibility of 2.5% are

pastedontherespectiveopposedsurfacesofboths

urfaceplates

120 and 130.

TheaforementioneddistanceListhesameasthed istance
betweentheeccentricshaft24aandtherotaryshaf t24b. All
thepointsonthecarriemplatel 10drawasmallro undtrajectory
of the same size (radius r) by the circular motion without
self-rotation. Thereby,thesimultaneousdouble-si deprimary
polishingwascarriedoutsuchthatthesiliconwaf erllhoused
inawaferhousingportion1laformedinthecarrie rplate110
hastheamountofpolishingof0.5 umononeside (1 pmonboth
sides) bysettingtherotationaldirectionsofboth polishing
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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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TEST-005 -110.0 -29.4 TEST-006 -240.02 -55.11 [0075]As is clear from the graph of Fig. 3 and Table 2,
by adjusting the concentration of hydroxyethyl cellulose to be within a range of 1x105 to 1x10'% by weight
(0.1 to 1000 ppm), it is possible to control the ROA 1 mm notation within a range of -110 nmto +390 nm.
In the case where no hydroxyethyl cellulose is contained and the concentration thereof is low (1x105% by
weight), roll-off is generated at the outer circumferential portion of the silicon wafer. Meanwhile, the higher
the concentration of hydroxyethyl cellulose is, the more the wafer outer circumferential portion is rolled up.

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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In addition, as is clear from the graph of Fig. 4, when the concentration of hydroxyethyl cellulose is
Increased, the polishingrate(EliminationRate)tendstowardslowering. This may indicate a protective effect
for the surface of the silicon wafer by hydroxyethyl cellulose, and it can be considered that a reaction
(etching action) between al kali and the silicon wafer is Interfered by hydroxyethyl cellulose. [0076]Next,
with reference to the graphs of Fig. 5, and Tables 3 and 4, the results of actual application of two-step
polishing in which the concentration of hydroxyethyl cellulose is made to differ, to the silicon wafer by the
polishing liquid of Example 2 of the present invention and a method for polishing silicon wafers using the
polishing liquid (Test Example 6) are reported. That is, in the case where a desired ROA is in a
roll-up (plus side) state, although depending on the concentration of hydroxyethyl cellulose, the polishing
rate may be lo ﬁ% ' inder § tivity. Then, a me; in.which the
concentration (\gﬁéy r%z?/ée?t{%? ?ﬁl%%@géﬁ]sm |trsa£trefﬁ/e%Fr% rllég?ed during polishir{%}ﬁgﬁﬁéfy both of
productivity of aaaditeiikea®uangtiidseitmrdafrpdiefingthtested. The graph ofsegpridatyows the results. In
the graph of Fig. 5, Ref02 shows only the secondary polishing, Ref01 shows onl)éthe tertiary polishing,

and 2step polisRAfi§URBIRLIFLE P eRRlgR iR ROTR RSV R tiary polishing was Sppiidd&fter the secondary
polishing. [0077&@;53&;{@8I@O%(ﬁh%péqﬁggg%é)fagqmggrﬂgnts of the primarypolishing liquid used for

the primary polishing process, the secondary polishing liquid used for the secondary polishing process,
and the tertiary gfglishany pigjisbingelh fsiditientdréaaysmlishing process. In additiekngsTable 3, the term
abrasive graing; means fiee apigaite orains in eolaidpheliea.IOEaRie !

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 5
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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STEP Polishing accelerator (Concentration) Abrasive grains (Concentration) Water-soluble polymer

(Concentration)

siliconwaferll. Therefore,thesurfaceandther

ofthe silicon wafer 11 are polished ata high poli

of0.5 pmperminutewhilekeepinghighflatnessbyanetch

action of the alkaline agueous solution and an acti

eliminatinghydroxyethylcellulosebytheabrasive
Further,becausethesurfaceandtherearsurface

siliconwafer 11 are polished mainly by achemical

ispossibletoavoidgenerationofprocessdamageb

actionsuchasconventionalpolishingusingreeab

Inaddition, because the polishingdoes notuse fre

grains, itis possible to reduce defect generation

a process such as micro-scratching caused by an agg

of abrasive grains.

[0066] Ontheotherhand,becausethehardabrasive

earsurface
shingrate
ing
on of
cloths15.
ofthe
action, it
yamechanical
rasivegrains.
eabrasive
caused by

regation

cloths

15 made of polyurethane foam are used for the outer

circumferentialedgeofthesiliconwaferll,andh
cellulosesaddedntahepolishindiquidthea

15 are always
circumferentialsurface(chamferingplane)ofthes

11 during polishing. Thereby, covering the wafer o
circumferentialsurfacewiththehydroxyethylcellu
polishingliqguidbecomesaprotectivefilmforthe

circumferentialsurfacewithrespecttoetching. A
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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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[0079]In the secondary polishing process, the surface and the rear surface of the silicon wafer were
polished by 4.5 'lam on one side for 15 minutes while supplying the secondary polishing liquid to both
abrasive cloths at 9 liters per cm2. In the tertiary polishing process, the surface and the rear surface of the
silicon wafer were polished by 0.5 !lam on one side for 3 minutes while supplying the tertiary polishing
liquid to both abrasive cloths at 9 liters per cm2. The other test conditions are the same as those in the
case of Test Examples 1 to 5. [0080]In this test, to express the roll-off shape of the outer circumferential
portion of the silicon wafer, distances from the reference plane at a position of 1 rrim (ROA 1 mm) and a
position of 2 rffrt (ROA 2 mm) from the outer edge (outermost edge) of the silicon wafer were measured.
Table 4 shows these measured values.

liquidthereforaccordingtoExample2oftheprese ntinvention
will be described. In Example 2, the secondary pol ishing
process carried out in the present example is furth er split
intotwaosteps(first-steppolishingandsecond-ste ppolishing)
to be carried out. The polishing was carried out s uch that,
in the secondary polishing (first-step polishing), the
concentration of the water-soluble polymer in the p olishing
liquid is set to be a low concentration in order to increase
thepolishingrateofthesiliconwafer11,andin thetertiary
polishing (second-step polishing), the concentratio n of the
water-soluble polymer in the polishing liquid is se ttobea
high concentration in order to inhibit a roll-off a mount of
the outer circumferential portion of the silicon wa fer 11.

In the invention of Example 2, secondary polishing
(first-step polishing) which is the same as the sec ondary
polishing in Example 1 is applied except for the po int that

hydroxyethylcellulose of 1 x107° %byweight(0.1ppm)isadded

intothesecondarypolishingliquid,andtheamount ofpolishing

of the surface and the rear surface of the silicon wafer 11

issetto 4.5 pum on one surface (9 pum on both surfaces), and
thereafter, the surface to be polished of the silic on wafer
11listertiary-polished (second-step polished) by u se ofthe
tertiary polishing liquid containing high concentra tion
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[0081][Table 4] TEST ROA 1 mm ROA 2 mm 2Step Polishing (HEC 0.1 ppmHEC 100 ppm) +170.3
+199.63 Ref01 HEC 100ppm

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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+107.0 +193.39 Ref02 HEC 0.1ppm +26.0 +57.2 [0082]As s clear from Table 4, in the second-step poll
shing in which the concentration of hydroxyethyl cellulose is made to differ in Test Example 6, the roll-off
shape which is equivalent to that in the case of the desired roll-off shape in which the hydroxyethyl
cellulose of only 1x102% by weight (100 ppm) is added was realized. In addition, the added amount of
polishing of the secondary polishing and the tertiary polishing in Test Example 6 was 9.6 gm. However, in
a case where the roll-off in Test Example 6 is realized in one step, in calculation by reference to the
polishing rate when an additive amount of hydroxyethyl cellulose in Example 1 is Ix 10 2% byweight, 38
minutes was required for 9. 6pm/ (0.25 gm per minute ) as a polishing time in the first-step polishing. On
the other hand, 19 minutes is sufficient in the second-step polishing in Test Example 6. Therefore, the

shortened tlme{ o‘P\Q/UﬁE

minutes, which s

OWSt e productivity was

ﬁ’%%ﬁéﬂﬁ&gu@?ér%%grgm&%ol|sh|ng is that 38 migutes 19 minutes = 19

reduced is shortened, which makes it possible to im prove
productivityofthedouble-sidemirrorpolishedsil iconwafers
11.

Inparticular,becausetheconcentrationofhydrox yethyl
cellulose usedinthetertiary polishingliquidis setto 100
ppm, itis possible to reduce roll-off as low as po ssible at
the outer circumferential portion of the silicon wa fer 11.

Inaddition,becausetheotherconfigurations(inc luding
the other polishing conditions for tertiary polishi ng), and
the action and effect are the same as those in Exam ple 1,
descriptions thereof will be omitted.

[0070] Next, with reference to the graphs of Figs. 3and
4, and tables 1 and 2, the results of actual applic ation of
primarypolishingcontainingfreeabrasivegrainsa ndsecondary
polishingwithnofreeabrasivegrainsbythepolis hingliquid
of Example 1 of the present invention and the metho ds for
polishing silicon wafers using the polishing liquid (Test
Examples 1to 5), and by a conventional method for polishing
silicon wafers using a polishing liquid with no hyd roxyethyl
cellulose(ComparisonExamplel)arereported. The othertest
conditions for the Comparison Example 1 conform to those of
Example 1 in the same way as those in the Test Exam ples 1to
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improved by 50%. This is shown in Table 5. Moreover, the amount of polishing when an additive
amount of hydroxyethyl cellulose by this test is 1x102% by weight, was 0.75 pm (0. 2 5 !am per
minutexthree minutes) from the results shown in Fig. 4 of Example 1. [0083][Table 5] TEST Amount of
polishing (pm) Polishing time(min)

5.

Inthe primary polishing process, polishingwasca rried
out for three minutes while supplying the primary p olishing
liquid containing free abrasive grains (the alkalin eaqueous
solutioncontainingcolloidalsilicaof5%byweigh tandaKOH
solutionof0.08%byweight)tobothabrasivecloth sat9liters
per minute, to eliminate the oxide films on the sur face and
therearsurfaceofthesiliconwafer. Next,inth esecondary
polishing process, the surface and the rear surface of the
silicon wafer were secondarily-polished while suppl ying a
secondary polishing liquid in which hydroxyethyl ce llulose
(hereinaftercalledHEC)of1 x10°tol x107!%byweightisadded
toanalkaline aqueous solutionwith no free abrasi vegrains,
which contains piperidine of 0.08% by weightat 91 iters per
cn?.

[0071] In addition, provided that a polishing liqui d
containinganalkalineaqueoussolutionwithnofre eabrasive
grainsandawater-solublepolymerisused,andaw aferholding
systembyacarrierplateisadoptedintheseconda rypolishing,

the carrier plate vibrates becausethe siliconwafe rmovesin
thewaferholdinghole during polishing, whichbrin gsconcern
thatthesiliconwaferwilljumpoutofthewaferh oldinghole
during polishing. Then, in the secondary polishing , the
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Removal rate (ium/min) Polishing time shortening effect(min) 2Step polishing (HEC O . Ippm

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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HEC 100ppm) 9.6 19 0.50 19.2 Assume 1Step (HEC 100 ppm) 9.6

[0072] [Table 1]
Polishing . .
TEST accelerator Abrasive grains Water-soluble pplymer
. (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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30 0.25 CLAIMS 1 .Amethod for polishing silicon wafers comprising the steps of :

rough polishing at

least the surface serving as a surface to be polished between a surface and a rear surface of the silicon
wafer so as to relatively rotate a silicon wafer and an abrasive clothwhile supplying
apolishingliquidinwhich awater-soluble polymer is added to an alkaline aqueous solution with no free

abrasive grains, to the hard abrasive cloth; and
surface of the silicon wafer.

applying final polishing on at least the rough polished

[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 x10° to 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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2.Amethod for polishing silicon wafers comprising the steps of :
serving as a surface to be polished between a surface and a rear surface of the silicon wafer so as to

relatively rotate a silicon wafer and an abrasive cloth; and

rough polished surface of the silicon wafer after the rough polishing, the method wherein

polishing is split into a first-step polishing which is carried out while supplying a first-step polishing liquid in

rough polishing at least the surface

applying final polishing on at least the

the rough

which a water-soluble polymer is added to an alkaline agueous solution with no free abrasive grains to
the abrasive cloth, and a second-step polishing which is carried out while supplying a second-step
polishing liquid in which a water-soluble polymer is added to an alkaline aqueous solution with no free
concentration of the

water-soluble po %régr{ﬁg?ggp&%ggplaghmg Iﬁq‘%‘#ﬁ“ﬁfﬁ made higher thanf%_gﬂ%&entration of the

abrasive grains to the abrasive cloth after the first-step polishing, and

water-soluble polymer int

to claim

Irst-step polishing
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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1 or claim 2, wherein the water-soluble polymer is one type or several types from among non-ionic system
polymers and monomers, or one type or several types from among anionic system polymers and
monomers. 4. The method for polishing silicon wafers according to claim 3, wherein the water-soluble
polymer is hydroxyethyl cellulose. 5.The method for polishing silicon wafers according to claim 4, wherein
the concentration of the hydroxyethyl cellulose in the polishing liquid is 0.1 ppm to 1000 ppm. 6.The
method for polishing silicon wafers according to claim 1 or claim 2, wherein the alkaline aqueous solution

is adjusted to pH8 to pH13,

term“abrasivegrains’meansfreeabrasivegrainsi ncolloidal
silica.
[0078] [Table 3]
Polishing Abrasive arains Water-soluble
STEP accelerator (Concentr%ltion) polymer
(Concentration) (Concentration)
Primary KOH (0.08% by .
polishing weight) 5.0% by weight
Secondary Piperidine i Cewmggx{féhyl 50
o 0 :
polishing (0.08%byweight) by weight)
Tertiary Piperidine i Cewmggx{féhyl 20y
e 0 :
polishing (0.08%byweight) 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 2. The other test
conditions are the same asthose inthe case of Tes tExamples
1to 5.
[0080] Inthistest, to expresstheroll-offshape ofthe
outercircumferentialportionofthesiliconwafer, distances
from the reference plane ata position of 1 mm (ROA 1 mm)and
a position of 2 mm (ROA 2 mm) from the outer edge ( outermost
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and the alkaline aqueous solution is the alkaline aqueous solution to which any of basic ammonium
salt, basic potassic salt, and basic sodium salt is added as an alkaline agent, or an alkaline carbonate
agueous solution, or an alkaline aqueous solution to which an amine is added. 7. The method for
polishing silicon wafers according to claim 1 or claim 2 , wherein the abrasive cloth is composed o f a
nonwoven cloth made of polyester, or is made of polyurethane. 8. The method for polishing silicon wafers
according to claim 1 or claim 2 , wherein the rough polishing simultaneouslypoli shes the surface and the
rear surface of the silicon wafer with a double-side polishing device which Includes a carrier plate in which
a silicon wafer is housed, and an upper surface plate in which the abrasive cloth is pasted on a lower
surface and a lower surface plate in which the abrasive cloth is pasted on a top surface, which holds the
carrier plate fro%ﬁ%ﬁ]@m J%%'%‘A#%E‘?Bﬁ%ﬁ%ﬁeo?-TEfé?eH‘ethOd for polishiggr&»gc‘ﬁgs afers according to
claim 8, wherein polishing is carried out such that a thickness of the silicon warer after the rough polishing
is made thickerrtieas @ dhigkiness of the carrier plate. 10. A polishing liquid which is used at the time of
rough polishingio?}#aleast the_surface serving as a surface to be polished between a surface and a rear

|

surface of a si \Hafnr, Whahis
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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an alkaline aqueous solution with no free abrasive grains serves as abase compound, and a
water-soluble polymer is added to the alkaline aqueous solution. 11. The polishing liquid according to
claim 10, wherein the alkaline aqueous solution is adjusted to pH8 to pH13, the alkaline aqueous
solution is the alkaline aqueous solution to which any of basic ammonium salt, basic potassic salt, and
basic sodium salt is added as an alkaline agent, or an alkaline carbonate aqueous solution, or an alkaline
aqueous solution to which an amine is added, and the water-soluble polymer is one type or several
types from among non-ionic system polymers and monomers, or one type or several types from among
anionic systempolymers andmonomers 12. The polishing liquid according to claim 10 or claim 11,
wherein the water-soluble polymer is hydroxyethyl cellulose. 13. The polishing liquid according to claim
12, wherein their%?)ﬂ&%gr%;i%%f the hydroxyethyl cellulose in the alkaline aqueous solution is adjusted to
be within a range ‘of concentration from 0.1 ppm to 1000 ppm.

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
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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

57

ous

potassic
agent, or

ineaqueous

gtoclaim

dofanonwoven

gtoclaim
ouslypolishes
erwith a
er plate
rfaceplate
rface and
s pasted

maboveand
gtoclaim
ckness of

thicker

rough



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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