DESCRIPTION
Title of Invention: METHOD FOR POLISHING SILICON WAFERS AND
POLTISHING 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
polishingat least the surface servingasasurface tobepolished
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 amethod 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 polishing action 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 surface of a silicon wafer. In this CMP processing for



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. 1In
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 carried out so as to reduce the
variationinnano-surface roughnessonthesiliconwafer surface
such as nanotopography or haze by use of a soft abrasive cloth
such as suede, and micro-sized free abrasive grains. In the
same way as the rough polishing process, in this final polishing
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 free abrasive grains, in some cases.
[0003] However, in the casewhereroughpolishingiscarried
out byuse of apolishing liquid containing free abrasive grains
(aslurry), ahighpolishing rate anda certain level of flatness
of a wafer may be obtained. Meanwhile, new process damage has
been brought about to the surface of the silicon wafer by a
mechanical action during the polishing. Further, due to
aggregation of the free abrasive grains in thepolishing liquid,
defects caused by a process such as micro-scratching have
occurred on a polished surface of a silicon wafer. In many
cases, process damage occurring in the rough polishing process
and defects caused by a process are not eliminated even in the
subsequent final polishing process, and in order to completely
eliminate those, it is necessary to considerably increase the
amount of polishing in the final polishing.

[0004] Then, as aconventional technology for solvingthis,
for example, the invention disclosed in Patent Document 1 has
been known. This inventionistopolishthe surfaceofasilicon
waferbyuseof apolishingliquidcomposedof analkaline aqueous
solutionof pH8.5to 13, which contains awater-soluble silicate
component and an alkaline component, and substantively does
not contain free abrasive grains. In this way, because free

abrasive grains are not used, process damage to the surface



of the silicon wafer is reduced. 1In addition, because the
silicic acid molecules are coupled with silicon atoms on the
wafer surface coupled with a hydroxyl group to form condensed
silicate and accelerate elution of the silicon atoms into the
alkaline aqueous solution, its polishing rate is therefore
increased.

[0005] Patent Document 1: Japanese Published Unexamined
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
vicinityof theoutermostcircumference andtheamount of surface
displacement of a wafer. In accordance therewith, an index
ROA (Roll-0Off 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)



fromthe center of thewaferwhereasiliconwaferwithadiameter
of, for example, 300 mm is considered as being flat, and for
example, when a ROA is 1 mm, it is defined as a height from
the reference plane at a position of 1 mm inward from the wafer
outeredge. At thistime, giventhat the height of the reference
plane is 0, from which the shape is dropped off up to the wafer
outer edge, its amount of displacement is a minus value
(roll-off), and when the shape is flipped up, its amount of
displacement is a plus value (roll-up). Further, the lower
the absolute values of roll-off and roll-up are, the higher
the flatnesseveninthevicinityof the outermost circumference
is assessed.

[0008] As shown in Patent Document 1, in the case where the
surface of a silicon wafer is polished by use of a polishing
liquid composed of an alkaline aqueous solution with no free
abrasive grains, but containing a water-soluble silicate
component, the polishing liquid flows in from the outer
circumference to the center of the silicon wafer during the
polishing processing. Therefore, a large quantity of alkaline
aqueous solution having a significant amount of etching action
touches the outer circumferential portion more than the central
portion of the wafer. Therefore, a polishing rate at 3 mm from

the outer circumferential edge of the silicon wafer is high,



and the control of roll-off in the region of 3 mm 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
abrasivegrains. Further, dependingonanalkaliconcentration
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 1is
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 polishing for simultaneously polishing the surface
and the rear surface of the silicon wafer so as to insert the
carrier plate with an upper surface plate and a lower surface
plate on which abrasive cloths are pasted in a state in which
a silicon wafer is housed in a carrier plate has been adopted.

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
portionby the abrasiveclothsis inhibitedbythecarrierplate,
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 problemof increasingproduction
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
awater-soluble polymer is added toanalkaline aqueous solution
with no free abrasive grains by use of hard abrasive cloth of
polyurethane or the like in rough polishing of a surface of
asiliconwafer, it is possible to keep the high polishing rate,
and it is possible to arbitrarily control the roll-off amount
of the outer circumferential portion of the silicon wafer by
adjusting the concentration of thewater-soluble polymer added,
to be able to reduce the roll-off amount, and successfully
completed this invention.

[0011] An object of the present invention is to provide



a method for polishing silicon wafers, which is capable of
polishing a surface to be polished of a silicon wafer at a high
polishing rate, and achieving control of the flatness of the
wafer outer circumferential portion including roll-off and
roll-up, and to provide a polishing liquid for the method.
Means for Solving the Problems

[0012] A first 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
asiliconwafer andanabrasiveclothwhile supplyingapolishing
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 polishing, the method in which the rough
polishing is split intoa first-step polishingwhich is carried
out while supplying a first-step polishing liquid in which a
water-soluble polymer is added to an alkaline aqueous 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 abrasive
grains to the abrasive cloth after the first-step polishing,
and concentration of the water-soluble polymer in the
second-step polishing 1liquid is made higher than the
concentration of the water-soluble polymer in the first-step
polishing liquid.

[0014] A third 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 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.
[0015] A fourth aspect in accordance with the present
invention provides the method for polishing silicon wafers
accordingtothethirdaspect, inwhichthewater-solublepolymer

is hydroxyethyl cellulose.



[0016] A fifth aspect in accordance with the present
invention provides the method for polishing silicon wafers
according to the fourth aspect, in which the concentration of
the hydroxyethyl cellulose in the polishing liquid is 0.1 ppm
to 1000 ppm.

[0017] A sixth 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 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 aqueous 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 simultaneously polishes the surface and
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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 from above and below
therebetween.

[0020] A ninth aspect in accordance with the present
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

pPH8 to pH13, the alkaline aqueous solution is the alkaline
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aqueous solution to which any of basic ammonium salt, basic
potassic salt, and basic sodium salt is added as an alkaline
agent, oranalkaline carbonate aqueous solution, oranalkaline
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 system polymers and monomers.
[0023] A twelfth aspect in accordance with the present
invention provides the polishing liquid according to the tenth
aspectortheeleventhaspect, inwhichthewater-solublepolymer
is hydroxyethyl cellulose.

[0024] A thirteenth aspect in accordance with the present
inventionprovides thepolishingliquidaccordingtothetwelfth
aspect, inwhich the concentrationof thehydroxyethyl cellulose
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] 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
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roll-up. Further, it is possible to reduce generation of
process damage and defect generation caused by a process such
asmicro-scratchingcausedbyanaggregationof abrasivegrains.
Brief Description of the Drawings

[0026] Fig. 1 is a perspective view of a non-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 polishing silicon wafers of Example
1 according to the present invention.

Fig. 3 1is a graph showing the shapes of outer
circumferential portions of the silicon wafers corresponding
to the additive amounts of a water-soluble polymer with respect
to silicon wafers, which are secondary-polished by the method
for polishing silicon wafers of Example 1 according to the
present invention.

Fig. 4 is a graph showing a relationship between the
additive amounts of hydroxyethyl cellulose into a polishing
liquidand the polishing rates of thesiliconwafer in themethod
for polishing silicon wafers of Example 1 according to the

present invention.
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Fig. 5 is a graph showing the shapes of the outer
circumferential portions of the silicon wafers corresponding
to the additive amounts of a water-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] 10 .. Double-side polishing device,

11 .. Silicon wafer,

15 ... Abrasive cloth,

110 .. Carrier plate,

120 .. Upper surface plate,

130 .. Lower surface plate
Best Modes for Carrying Out the Invention
[0028] Amethod for polishing siliconwafers of the present
invention includes the processes of rough polishing at least
the surface serving as a surface tobe 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.
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[0029] Further, another method for polishing silicon
wafers of the present invention includes the processes of rough
polishingat least the surface servingasasurface tobepolished
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 which the rough
polishing is split intoa first-step polishing which is carried
out while supplying a first-step polishing liquid in which a
water-soluble polymer is added to an alkaline aqueous 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 abrasive
grains to the abrasive cloth after the first-step polishing,
and concentration of the water-soluble polymer in the
second-step polishing 1liquid is made higher than the
concentration of the water-soluble polymer in the first-step
polishing liquid.

[0030] According to these methods for polishing silicon
wafers of the present invention, due to an etching action by
the alkaline aqueous solution and an etching inhibitive action

onto a silicon wafer outer circumferential portion by the
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water-soluble polymer, it is possible to reduce roll-off of
the 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, in a conventional polishing method using a
polishing liquid containing free abrasive grains, roll-off of
the wafer outer circumferential portion 1is 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] Inaddition, as thereason forreductioninroll-off,
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, because the polymer

membrane formed on the surface to be polished (the plane to
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bepolished) iseliminatedby the abrasive cloth, and the surface
to be polished from which the polymer membrane is eliminated
is a reaction active hydrophilic surface, chemical etching is
carried out by the alkaline aqueous solution. It can be
considered that the polishing progresses by repeated polymer
absorption, elimination of the polymer membrane, and alkaline
etching. Then, because the polishing liquid flows from the
wafer outer edge toward the center, and a large quantity of
polishing liquid is supplied to the wafer outer circumferential
portionascomparedwiththewafercentralportion, thepolishing
progresses in a state inwhich the amount of formation of polymer
membrane to be formed is made larger than the amount of
elimination of polymer membrane tobe eliminated by the abrasive
clothinthewafer outer circumferential portion. It is thereby
presumed that an etching reaction on the wafer outer
circumferential portion is inhibited, to reduce a roll-off
amount.

[0032] In the method for polishing silicon wafers of the
present invention, an alkaline aqueous solution with no free
abrasive grains is used as a polishing liquid. Here, the term
the “alkaline aqueous solution with no free abrasive grains”
means an alkaline aqueous in which free abrasive grains such

ascolloidal silica (abrasivegrains), diamondabrasive grains,
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or alumina abrasivegrainsarenotmixedintoanalkaline aqueous
solution serving as a base compound in apolishing liquid. With
this, the surface to be polished of a silicon wafer is polished
mainly by a chemical action. Therefore, it ispossible toavoid
generation of process damage by a chemical action such as
conventional polishingusing freeabrasivegrains. Inaddition,
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.

[0033] As an alkaline aqueous solution, one which is
adjusted to be within a range from pH8 to pHl3 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 aqueous solution is less than pHS,
anetchingactionbecomes too low, whichmakes it easy togenerate
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.

Asanalkaline agent (pHadjuster) for thealkaline aqueous
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solution, for example, an alkaline aqueous solution to which
anyof basicammoniumsalt, basicpotassicsalt, andbasic sodium
salt is added, or an alkaline carbonate aqueous solution, or
an alkaline aqueous solution to which an amine is added.
Otherwise, an aqueous solution of hydrazine or amines may be
adopted. From the standpoint of increasing a polishing rate,
it is preferable that ammonia-free alkali, particularly, an
amine is used.

The content of the alkaline agent in the alkaline aqueous
solution is 100 to 1000 ppm. When it is less than 100 ppm,
the etching force onto the surface of the silicon wafer by the
alkaline agent is not sufficient, and it takes a long time for
polishing the siliconwafer toapredetermined 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 etching reaction.
[0034] Further, astheotheraspect of thepresent invention,
the rough polishing may be split into a first-step polishing
usinga first-steppolishing liquid and a second-step polishing
using a second-step polishing liquid, and concentration of the
water-soluble polymer in the second-step polishing liquid may
be made higher than the concentration of the water-soluble

polymer in the first-step polishing liquid.
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[0035] That is, because higher productivity is required
for rough polishing, it is necessary to polish silicon wafers
under a polishing condition in which a polishing rate is
increased as high as possible. Accordingly, by lowering the
concentration of the water-soluble polymer in the first-step
polishing liquidused for first-step polishing carried out from
the beginning of the start of polishing, it is possible to
increase the polishing rate. Then, after the first-step
polishing, by executing the second-step polishing using the
second-step polishing liquid in which the concentration of the
water-soluble polymer is increased, it is possible to inhibit
roll-off frombeing generated on the outer circumferential part
of the wafer.

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 thesiliconwaferonwhichthe first-steppolishingiscarried
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.
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[0036] The concentration of the water-soluble polymer in the
polishingliquidused for the first-steppolishingispreferably
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 condition
for the first-step polishing except for the additive amount
of the water-soluble polymer. Further, as a type of the
water-soluble polymer, the same type may be used or the type
may be changed in the first-step polishing and the second-step
polishing. In the second-step polishing, a polishing device
used for the first-step polishing is continuously used
immediately after the first-step polishing, and the additive
amount of the water-soluble polymer in the polishing liquid
suppliedtotheabrasiveclothmaybemerelychanged (increased) .
Further, another polishing device different from the polishing
device used for the first-step polishing may be used.
[0037] As awater-soluble polymer, anionic, non-ionic, and
ampholytic respective polymers and respective monomers are used.
In detail, as a water-soluble polymer, hydroxyethyl cellulose
or polyethylene glycols is preferably used. 1In particular,

highly-pure hydroxyethyl cellulose 1is relatively easily
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available, and a polymer membrane is easily formed on a wafer
surface. Therefore, hydroxyethyl cellulose has the
characteristicofahigheffectofinhibitinganetchingreaction
by alkali. However, among respective types of water-soluble
polymers, one for accelerating etching on a silicon wafer by
an alkaline aqueous solution is not suitable. Only one type
of water-soluble polymer may be used, or a plurality of types
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 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 may be set within a range of concentration
from 0.1 ppm to 1000 ppm, and particularly, 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

22



may be 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 like may be cited.

[0041] As a silicon wafer to be rough polished, a silicon
wafer in which no oxide film is present at least on the surface
serving as a surface to be polished between the surface and
the rear surface is used. This is because, usually, a native
oxide film of approximately 5 to 20 A is present on a surface
of asiliconwafer before a rough polishing process, which makes
it difficult toeliminate the native oxide film by the alkaline
aqueous solution with no free abrasive grains.

For eliminating the native oxide film, a method for
eliminating native oxide film by etching processing using a
solution such as hydrofluoric acid, a method for eliminating
native oxide film by polishing processing using a polishing
liquid containing free abrasive grains, or the like may be
adopted before carrying out rough polishing. In addition, in
the case where the native oxide film is eliminated by polishing
processing using a polishing liquid containing free abrasive
grains, notonly thenativeoxide film, but alsothewafer surface
may be polished so as to reduce the amount of polishing by rough
polishing.

[0042] A hard material i1s used as an abrasive cloth.
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Thereby, it is possible to achieve reduction in roll-off amount
of theouter circumferential portionof thesiliconwafer. That
is, because the polishing processing is carried out in a state
inwhichthesiliconwafer ispressedagainst theabrasivecloth,
given that a soft abrasive cloth is used, the silicon wafer
is subducted into the abrasive cloth, and the action of reaction
forcebywhichtheabrasiveclothtriestoturnbackgets stronger
on the wafer outer circumferential portion, which makes 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 made of polyester, an abrasive cloth made of
polyurethane, or the like may be cited. 1In particular, an
abrasive cloth made of polyurethane foam, which is excellent
in accuracy of mirror-finish onto the surface to be polished
of the silicon wafer, is desirable. For example, in the case
where an abrasive cloth made of suede which is soft and easy

to track the outer circumferential shape of the silicon wafer,
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which may be used for final polishing, is used, etching on the
wafer outer circumferential portion is accelerated, which
results in roll-off.

[0043] As a specific hard abrasive cloth, it is preferable
to adopt an abrasive cloth of 70 to 90 as Shore-D hardness
specifiedby JISK 6253-1997/1IS0 7619, andwith compressibility
of 1 to 5%, in particular, 2 to 3%. In a case of being lower
than 70 as Shore-D hardness, during polishing, the polishing
liquidis inhibited from flowing into the outer circumferential
portion of the silicon wafer, to reduce the amount of the
water-soluble polymer of the outer circumferential portion,
thereby increasing the polishing rate of 3 mm from the outer
circumferential edge of the silicon wafer, which 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 hardness,
it is easy to cause a polishing flaw on the wafer surface.
[0044] Lapping is carried out by relatively rotating the
silicon wafer and the abrasive cloth. The term “relatively
rotating” means rotating the silicon wafer, rotating the
abrasive cloth, or rotating both of the silicon wafer and the
abrasive cloth. Therotational directionsof thesiliconwafer
and the abrasive cloth are arbitrary. For example, the

rotational directions of the silicon wafer and the abrasive
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cloth in the case where both are rotated may be the same or
different from each other.

[0045] The polishing rate of the silicon wafer in rough
polishing is preferably 0.05 to 1 um per minute. Given that
thepolishingrateislower than0.05umperminute, the polishing
rate is low, and it takes a long time for polishing. Further,
given that the polishing rate is higher than 1 um per minute,
itiseasytocausesurface roughnessof thesiliconwafer 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 cm? .

In addition, the amount of polishing by rough polishing
may be set inconsiderationofadesiredsiliconwafer thickness,
and is basically set to be within a range of several hundreds
of nm to 10 Um per minute. The amount of polishing by final
polishing carried out after rough polishing is set to be within
a range less than or equal to 500 nm at a maximum.

[0046] In rough polishing of the silicon wafer, a
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single-wafer type polishing device may be used, or a batch type
polishing device that simultaneously polishes a plurality of
siliconwafersmay be used. The roughpolishingmay be one-side
polishing only onto the surface or double-side polishing for
simultaneously polishing the wafer surface and rear surface.
In particular, for simultaneously rough polishing the
wafer surface and rear surface, it is preferable topolish those
by use of a double-side polishing device which is equipped with
a carrier plate in which a silicon wafer is housed, and an upper
surface plate and a lower surface plate on which abrasive cloths
inserting the carrier plate from above and below are pasted
on the respective opposed surfaces. Thereby, it is possible
to achieve high flattening not only the wafer surface, but also
the wafer rear surface by one polishing processing, which is
effective for providing mirrored silicon wafers at low cost
and of high flatness. The abrasive cloth on the upper surface
plate and the abrasive cloth on the lower surface plate may
be made of the same material, or may be made of different
materials.
[0047] At the time of carrying out double-side polishing
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
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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, whichmakes 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 thecarrierplate tocauseacircularmotionwithout
self-rotation may be adopted.
[0048] The polishing liquid is used at the time of rough
polishingat least the surface servingasasurface tobepolished
between the surface and the rear surface of a silicon wafer,
and 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.
Becausethepolishingliquidcontainsthealkaline aqueous
solutionwithno freeabrasive grains servingas a base compound,
the surface to be polished of the silicon wafer is polished
mainly by a chemical action. As a result, it is possible to
avoid generation of process damage by a mechanical action as

conventional polishing using free abrasive grains, and it is
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possible to reduce defect generation caused by a process such
asmicro-scratchingcausedbyanaggregationof abrasivegrains.
[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 aqueous solution is an alkaline carbonate
aqueous solution, or an alkaline aqueous solution to which an
amine 1is added. The water-soluble polymer is preferably
composed of one type or several types fromamongnon-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 (etching) rate of the silicon wafer.

[0050] The content of thealkaline component inthealkaline
aqueous solution is preferably set to 100 to 1000 ppm. When
it is less than 100 ppm, the etching force onto the surface
of the silicon wafer by the alkali is not sufficient, and it
takes a long time for polishing the silicon wafer to a
predetermined thickness. When it is over 1000 ppm, it is

difficult to handle the polishing liquid itself, and further,
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surface roughness is easily generated on the wafer surface by
an excess etching reaction.

[0051] As a water-soluble polymer, it is particularly
preferable to contain hydroxyethyl cellulose. Highly-pure
hydroxyethyl cellulose is relatively easily available, and a
polymer membrane iseasily formedon awafer 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 tomanagedailytheconcentrationof thewater-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.
[0053] Further, fromthe standpoint ofeliminationofmetal
ions contained in the polishing liquid, it is preferable to
add a chelate agent into the polishing liquid. By addition

of a chelate agent, metal ions are captured to be complexed,
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and thereafter, this is discarded, thereby it is possible to
reduce the level of metallic pollution of the silicon wafer
after polishing. As a chelate agent, any substance having a
chelating ability with respect to metal ions may be used.
Chelation means bond (coordination) to metal ions by a ligand
having a plurality of coordination positions.

Moreover, final polishing is applied on at least the
surface of the rough polished silicon wafer. The condition
for that is not particularly limited. A single-wafer type
polishing device may be used, or a batch type polishing device
which simultaneously polishes a plurality of silicon wafers
may be used. The final polishing may be one-side polishing
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 aqueous
solution, an aminocarboxylic acid system chelate agent is
favorable. Moreover, in view of a chelating ability with
respect to heavy-metal ions, aminocarboxylate such as ethylene
diamine tetraacetic acid (Ethylene Diamine Tetraacetic Acid)

or diethylene triamine pentaacetic acid (Diethylene Triamine
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Pentaacetic Acid) is more favorable. Otherwise,
nitrilotriacetic acid (NTA) as well may be used. A chelate
agent is preferably added within a range 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 forpolishingsiliconwafersandapolishing
liquid therefor according to Example 1 of the present invention
will be described. In Example 1, the rough polishing process
issplitintotwostepstobecarriedout. Asaprimarypolishing
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 polishing process, the polishing was carried out by
use of a polishing liquid with no free abrasive grains in order
to achieve flattening of the silicon wafer.

The double-side polished silicon wafer whose surface and

rear surface are mirror-surface polished is manufactured
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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 Q-cm, and initial oxygen concentration of
1.0x10*%atoms/cm’® is pulled up by the Czochralski method from
amelting 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 um are sliced from
a silicon monocrystal by three grooved roller wires which are
triangularly-arranged.

Thereafter, a chamfering grinding stone in rotation is
pressedagainst theoutercircumferential portionof thesilicon
wafer to carry out chamfering, and next, both surfaces of the
silicon wafer are simultaneously lapped with a double-side
lapping device. Next, the silicon wafer after the lapping is
dipped in an acid etching solution in an etching tank to be
etched, thereby eliminating damage by the chamfering and the
lapping. Thereafter, primary polishing and secondary

polishing are sequentially applied onto the surface and the
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rear surface of the silicon wafer.

[0058] Intheprimarypolishingprocess, primary polishing
is simultaneously carried out onto the surface and the rear
surface of thesiliconwafer byuseof aprimarypolishing liquid
by using a non-sun gear system double-side polishing device
10. AprimarypolishingliquidofpHl0containingaKOHsolution
of 0.08% by weight, which contains colloidal silica particles
(free abrasive grains) with an average particle diameter of
70nm, of 5% by weight is used. With this, the native oxide
films formed on the surface and the rear surface of the silicon
wafer are eliminated mainly by a mechanical action of the free
abrasive grains.

[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
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11 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/cmz, which is applied by unillustrated
pressurizing means of an air-bag system or the like, which are
built in the upper surface plate 120 and the lower surface plate
130. The lower surface plate 130 is rotated in a horizontal
plane by a lower side rotary motor 17 via an output shaft 17a
thereof. The carrier plate 110 has a thickness of 750 um, and
causes a circular motion in a plane parallel to the surface
of theplate 110 (horizontal plane) by a carrier circular motion
mechanism 19 such that the plate 110 itself does not rotate.
[0060] The carrier circular motion mechanism 19 has a
ring-like carrier holder 20 holding the carrier plate 110 from
the outside. The carrier circular motion mechanism 19 and the
carrierholder 20 areinterlockedviaaninterlockingstructure.

Four bearings 20bprojecting outward are disposedat every
90° at the outer circumferential portion of the carrier holder
20. Leading end portions of eccentric shafts 24a provided to
project at eccentric positions on the upper surfaces of
small-diameter and disc shaped eccentric arms 24 are rotatably
inserted into the respective bearings 20b. Further, rotary

shafts 24b are installed vertically to the central portions
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of the respective bottom surfaces of these four eccentric arms
24. The respective rotary shafts 24b are rotatably inserted
into four bearings 25a in total disposed at every 90° to a
ring-like device base body 25, so as to respectively project
their leading end portions downward. Sprockets 26 are firmly
fixed respectively to the leading end portions projecting
downward, of the respective rotary shafts 24b. A timing chain
27 is, as a string in a horizontal state, bridged over the
respective sprockets 26. These four sprockets 26 andthe timing
chain 27 simultaneously rotate the four rotary shafts 24b such
that the four eccentric arms 24 synchronously cause a circular
motion.
[0061] Among the four rotary shafts 24b, one rotary shaft
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 circularmotionmotor 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
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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
acircularmotionwithout self-rotation in the horizontal plane
parallel to the plate 110.

[0062] That is, the carrier plate 110 circles while keeping
a state of being eccentric by a distant L from a shaft line
e of the upper surface plate 120 and the lower surface plate
130. The abrasive cloths 15 made of urethane foam resin, of
80 as Shore-D hardness and with compressibility of 2.5% are
pasted on the respective opposed surfaces of both surfaceplates
120 and 130.

The aforementioned distance L is the same as the distance
between the eccentric shaft 24a and the rotary shaft 24b. All
the points on the carrierplate 110 drawa small round trajectory
of the same size (radius r) by the circular motion without
self-rotation. Thereby, the simultaneous double-side primary
polishing was carried out such that the silicon wafer 11 housed
in a wafer housing portion 1la formed in the carrier plate 110
has the amount of polishing of 0.5 wm on one side (1 Um on both

sides) by setting the rotational directions of both polishing
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surfaceplates 120 and 130 opposed, and adjusting the rotational
speed of the polishing surface plates 120 and 130, the polishing
pressure (300g/cn@), the polishing time, and the like. During
this double-side primary polishing, the primary polishing
processing was carried out for three minutes while supplying
a primary polishing liquid of pH10 in which colloidal silica
particles with an average particle diameter of 70nm, and of
5% by weight are added to a KOH solution of 0.08% by weight,
to both abrasive cloths 15 at 9 liters per minute.
[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
interventionof freeabrasivegrains, itispossibletoeliminate
the respective native oxide films of approximately 10 A present
on the surface and the rear surface of the silicon wafer 11
forashorttimemainlybyamechanical actionof the freeabrasive
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, inprimary polishing carried out after the elapse
of apredetermined time after etching, generally, anative oxide

film is present on the wafer surface. It is difficult to
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eliminate the native oxide film by only chemical secondary
polishingwithno free abrasive grains. Therefore, theprimary
polishing using the free abrasive grains was applied before
the secondary polishing, making it possible to shorten the time
foreliminatingthenativeoxide film, andprevent deterioration
in productivity of the mirror-polished silicon wafers 11.

[0064] Next, secondary 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 abrasive grains. In
detail, the surface and the rear surface of the silicon wafer
11 are secondarily polished (mirror-polished) by use of a
secondary polishing liquid of pH10.5 in which hydroxyethyl
cellulose (HEC; water-soluble polymer) of 1X10'3%kn/weight (10
ppm) is added to a piperidine solution with no free abrasive
grains and of 0.08% by weight, by using the non-sun gear system
double-side polishingdevice 10 used for the primary polishing.
That is, the simultaneous double-side secondary polishing is
carried out such that the silicon wafer 11 housed in the wafer
housing portion 1lla of the carrier plate 110 has the amount
of polishing of 5 um on one side (10 um on both sides) at a
polishing rate of 0.5 Um per minute by setting the rotational
directions of bothpolishing surfaceplates 120 and 130 opposed,

and adjusting the rotational speed of the polishing surface
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plates 120 and 130, the polishing pressure, the polishing time,
and the like. During this secondary polishing, the secondary
polishing liquid is supplied to both abrasive cloths 15. The
other polishing conditions are the same as those in the case
of primary polishing. In addition, because the thickness of
the carrier plate 110 is 750 um, and the thickness of the silicon
wafer 10 after secondary polishing is 764 um, the silicon wafer
10 maintains a state in which the silicon wafer 10 is thicker
than the carrier plate even after the rough polishing.

[0065] In this way, the silicon wafer 11 from which the
native oxide films are eliminated and the abrasive cloths 15
are relatively rotatedwhile supplying the secondary polishing
liquidinwhichhydroxyethyl celluloseisaddedtothepiperidine
solution with no free abrasive grains to the abrasive cloth,
to polish the surface and the rear surface of the silicon wafer
11 by 5 um on one side. At this time, the abrasive cloths 15
are pressed against the surface and the rear surface of the
silicon wafer 11 by the action of polishing pressure, and the
hydroxyethyl cellulose membrane in the polishing 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
thepolishingprogresses in that state inwhich the hydroxyethyl

cellulose adheres to the outer circumferential portion of the
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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 um per minute while keeping high flatness by an etching
action of the alkaline aqueous 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
ispossible toavoidgenerationof process damage by amechanical
action suchasconventional polishingusing free abrasivegrains.
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 wused for the outer
circumferential edge of the silicon wafer 11, and hydroxyethyl
celluloseisaddedintothepolishingliquid, theabrasivecloths
15 are always 1inhibited from adhering to the outer
circumferential surface (chamferingplane) of thesiliconwafer
11 during polishing. Thereby, covering the wafer outer
circumferential surface with the hydroxyethyl cellulose in the
polishing liquid becomes a protective film for the wafer outer

circumferential surface with respect to etching. As a result,
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thepolishingrateof 3mm fromthe outer circumferential portion
of the silicon wafer 11 is lowered, and it is possible to reduce
roll-off of the wafer outer circumferential portion, which
results in making capable flatness control of the wafer outer
circumferential portion including roll-off and roll-up. In
addition, the reason for that a certain level of roll-up is
allowed to occur on the wafer outer circumferential portion,
isbecause it is possible to supposebalancing-out withroll-off
of the outer circumferential portion of the silicon wafer 11
in advance in final polishing thereafter.

In contrast thereto, for example, in the case where soft
abrasive cloths made of suede are used, the abrasive cloths
disposed above and below touch the outer circumferential
surfaces of the silicon wafer 11, thereby promoting roll-off
of the outer circumferential portion of the silicon wafer 11.
[0067] Further, because the hydroxyethyl cellulose is
adopted as awater-soluble polymer, apolymer membrane is formed
on the outer circumferential portion of the silicon wafer 11,
which leads toaneffect that it ispossible toinhibit anetching
action by the piperidine solution. Further, this is extremely
highly-pure, which makes it possible to reduce impurity
contamination.

Further, because the concentration of the hydroxyethyl
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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.

Thereafter, final polishing is applied onto the surface
and the rear surface of the secondary-polished silicon wafer
11 under predetermined conditions, and final-cleaning is
further carried out. Here, SCl cleaning using an alkaline
solution and an acid solution is carried out onto the respective
silicon wafers 11.

Example 2

[0068] Amethod forpolishingsiliconwafersandapolishing
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liquid therefor according to Example 2 of the present invention
will be described. In Example 2, the secondary polishing
process carried out in the present example is further split
into two steps (first-steppolishingand second-steppolishing)
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
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 1x107°% by weight (0.1 ppm) is added
into the secondarypolishing liquid, and the amount of polishing
of the surface and the rear surface of the silicon wafer 11
is set to 4.5 um on one surface (9 um 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 1liquid containing high concentration
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hydroxyethyl cellulose as comparedwith the secondarypolishing
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 1x107%% by weight (100 ppm), and the amount
of polishing of the surface and the rear surface of the silicon
wafer 11 isset to 0.5 umonone surface (1.0 umon both surfaces) .
[0069] In this way, because the secondary polishing of the
amount of polishing of 4.5 um 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 1x107°% by weight
(0.1 ppm), it is possible to rough polish the surface and the
rear surface of the silicon wafer 11 at a high polishing rate.
Because the tertiary polishing of 0.5 um on one surface of the
wafer is thereafter applied to the surface and the rear surface
of the silicon wafer 11 by use of the tertiary polishing liquid
in which the concentration of hydroxyethyl cellulose is
increasedtolxlUQ%byweight(100ppm),itispossibletoreduce
roll-off of the outer circumferential portion of the silicon
wafer 11, which results in making capable flatness control of
the wafer outer circumferential portion including roll-off and

roll-up. As a result, a polishing time of the silicon wafer
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11 on which roll-off of the outer circumferential portion is
reduced is shortened, which makes it possible to improve
productivity of the double-side mirror polished silicon wafers
11.

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
primarypolishingcontaining 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 (Comparison Example 1) are reported. The other test
conditions for the Comparison Example 1 conform to those of

Example 1 in the same way as those in the Test Examples 1 to
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In the primary polishing process, polishing was carried
out for three minutes while supplying the primary polishing
liquid containing free abrasive grains (the alkaline aqueous
solution containing colloidal silica of 5% by weight and a KOH
solution of 0.08% by weight) to both abrasive cloths at 9 liters
per minute, to eliminate the oxide films on the surface and
the rear surface of the silicon wafer. Next, in the secondary
polishing process, the surface and the rear surface of the
silicon wafer were secondarily-polished while supplying a
secondary polishing liquid in which hydroxyethyl cellulose
(hereinafter called HEC) of 1x107° to lxlo_l%knzweight is added
to an alkaline aqueous solution with no free abrasive grains,
which contains piperidine of 0.08% by weight at 9 liters per
cm?.

[0071] In addition, provided that a polishing liquid
containing an alkaline aqueous solution with no free abrasive
grains and a water-soluble polymer is used, and a wafer holding
systemby a carrier plate is adopted in the secondary polishing,
the carrier plate vibrates because the silicon wafer moves in
the wafer holding hole during polishing, which brings concern
that the silicon wafer will jump out of the wafer holding hole

during polishing. Then, in the secondary polishing, the
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secondary polishing is terminated in a state in which the
thickness of the silicon wafer is thicker by approximately 20
Um 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.
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[0072] [Table 1]

Polishing Abrasive grains | Water-soluble polymer
TEST accelerator . .
) (Concentration) (Concentration)
(Concentration)
_ Hydroxyethyl cellulose
TEST-001 (107'% by weight)
TEST-002 Hydroxyethyl cellulose

(107%% by weight)

Hydroxyethyl cellulose

TEST-003 | Piperidine (0.08% _ (107%% by weight)

by weight)
TEST-004 Hydroxyethyl cellulose
(107'% by weight)

_ Hydroxyethyl cellulose
TEST-005 (107°% by weight)
TEST-006 -

[0073] TEST001 to TESTO005 show Test Examples 1 to 5, and

TEST006 shows Comparison Example 1 with no hydroxyethyl
cellulose.

To express a shape of roll-off of the outer circumference
of the silicon wafer, a Roll-0ff 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
directionof thesiliconwafer issetasareferencerange thereof.
In addition, for the ROA notation, 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.
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[0074] [Table 2]

TEST ROA 1 mm ROA 2 mm
TEST-001 +391.1 +384.6
TEST-002 +187.8 +193.39
TEST-003 +26.0 +57.2
TEST-004 -16.5 +21.7
TEST-005 -110.0 -29.4
TEST-006 -240.02 -55.11

[0075] As is clear from the graph of Fig. 3 and Table 2,

by adjusting the concentration of hydroxyethyl cellulose to
be within a range of 1x107° to 1x107'% by weight (0.1 to 1000
ppm), it is possible to control the ROA 1 mm notation within
a range of =110 nm to +390 nm. In the case where no hydroxyethyl
cellulose is contained and the concentration thereof is low
(1x107°% 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.

In addition, as is clear from the graph of Fig. 4, when
the concentration of hydroxyethyl cellulose is increased, the
polishingrate (EliminationRate) tends towards lowering. This
may indicate a protective effect for the surface of the silicon
wafer by hydroxyethyl cellulose, and it can be considered that
areaction (etchingaction) betweenalkali andthe siliconwafer
is interfered by hydroxyethyl cellulose.

[0076] Next, with reference to the graphs of Fig. 5, and
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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, thepolishingratemaybe lowered, which
may greatly hinder the productivity. Then, a method in which
the concentration of hydroxyethyl cellulose is arbitrarily
changed during polishing to satisfy both of productivity of
a silicon wafer and inhibition of roll-off was tested. The
graph of Fig. 5 shows the results. In the graph of Fig. 5,
Ref02 shows only the secondary polishing, Ref0l shows only the
tertiary polishing, and 2step polishing shows Test Example 6
in which the tertiary polishing was applied after the secondary
polishing.
[0077] Further, Table 3 shows the ratios of components of
the primary polishing liquid used for the primary polishing
process, the secondary polishing liquid used for the secondary
polishing process, and the tertiary polishing liquid used for

the tertiary polishing process. In addition, in Table 3, the
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term “abrasive grains” means free abrasive grains in colloidal

silica.
[0078] [Table 3]
Polishing . . Water-soluble
Abrasive grains
STEP accelerator (Concentration) polymer
(Concentration) (Concentration)
Primary KOH (0.08% by o .
polishing weight) 5.0% by weight
Secondary Piperidine Hydroxyethy%&
olishin (0.08%byweight) B cellulose (10 %
p g B f g by weight)
Tertiary Piperidine Hydroxyethy%%
olishin (0.08%byweight) B cellulose (10°7%
p g Bt f g by weight)
[0079] In the secondary polishing process, the surface and

the rear surface of the silicon wafer were polished by 4.5 um
on one side for 15 minutes while supplying the secondary
polishing liquid to both abrasive cloths at 9 liters per cm? .
In the tertiary polishing process, the surface and the rear
surface of the silicon wafer were polished by 0.5 um on one
side for 3minuteswhile supplying the tertiarypolishing liquid
to both abrasive cloths at 9 liters per cm’. 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 mm (ROA 1 mm) and

a position of 2 mm (ROA 2 mm) from the outer edge (outermost
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edge) of the silicon wafer were measured. Table 4 shows these

measured values.

[0081] [Table 4]

TEST ROA 1 mm ROA 2 mm
2Step Polishing (HEC 0.1 ppm = HEC +178.3 +199.63
100 ppm)

Ref0l HEC 100ppm +187.8 +193.39
Ref02 HEC 0.lppm +26.0 +57.2
[0082] Asisclear fromTable4, inthe second-steppolishing

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 1x107°% by weight
(100 ppm) is added was realized. 1In addition, the added amount
of polishing of the secondary polishing and the tertiary
polishing in Test Example 6 was 9.6 um. 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 1X107%%
byweight, 38minutes was required for 9.6um/ (0.25 umper 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 time for polishing
possible by the second-step polishing is that 38 minutes-19

minutes = 19 minutes, which shows that the productivity was
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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 1x107%% by weight,

was 0.75 um (0.25 um per minuteXthree minutes) from the results

shown in Fig.

4 of Example 1.

[0083] [Table 5]
Amount of . . Pol;shlng
o Polishing Removal rate time
TEST polishing . . , .
time (min) (Um/min) shortening
(Hm) effect (min)
2Step
polishing
(HEC 0.lppm 9.6 19 0.50 19.2
= HEC
100ppm)
Assume 1Step
(HEC 100 ppm) 9.6 38 0.25
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Cl ai s

[Caim1l]

A nmethod for polishing silicon wafers, wherein

whi l e apolishingliquidinwhichawater-soluble polyner
I s added t o an al kal i ne aqueous sol utionwi th no free abrasive
grains is supplied to an abrasive cloth nmade of pol yester or
pol yuret hane with no fi xed abrasive grains, of a surface and
arear surface of thesiliconwafer, at | east the surface which
Is a surface to be polished is rough-polished by relatively
rotating the silicon wafer and the abrasive cloth, and

after the rough polishing, final polishing is applied
at | east on the rough-polished surface of the silicon wafer .
[Caim 2]

A nmethod for polishing silicon wafers, wherein,

of a surface and a rear surface of the silicon wafer,
at least the surface which is a surface to be polished is
rough-polished by relatively rotating the silicon wafer and
anabrasi vecl ot h, andafter t heroughpolishing, final polishing
i sappliedat | east ontherough-polishedsurfaceof thesilicon
waf er,

t he met hod, wherein

the rough polishingissplit intoafirst-step polishing

which is carried out while a first-step polishing liquid in
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whi ch a wat er - sol ubl e pol yner i s added to an al kal i ne aqueous
solutionwithnofreeabrasivegrainsissuppliedtotheabrasive
cl oth and a second-step polishing whichis carried out while
asecond-step polishingliquidinwhichawater-solublepolyner
I s added t o an al kal i ne aqueous sol utionwi th no free abrasive
grains is suppliedto the abrasive cloth after the first-step
pol i shi ng, and

the concentration of the water sol uble polynmer in the
second-step polishing liquid is made higher than the
concentration of the water sol uble polyner inthe first-step
pol i shing |iquid.
[Caim 3]

The nmet hod f or polishingsiliconwafersaccordingtoclaim
1 or claim2, wherein the water-soluble polyner is one type
or several types of non-ionic system polynmers and nononers,
or one type or several types of anionic system polyners and
monormers.
[ A aim4]

The nmet hod f or polishingsiliconwafersaccordingtoclaim
3, wherei nthewat er-sol ubl e pol yner i s hydr oxyet hyl cel | ul ose
[ aimb5]

The nmet hod f or polishingsiliconwafersaccordingtoclaim

4, wherein the concentration of the hydroxyethyl cellulosein
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the polishing liquidis 0.1 ppmto 1000 ppm
[ C aim 6]

The nmet hod f or polishingsiliconwafersaccordingtoclaim
1 or claim2, whereinthe al kal i ne aqueous sol utionis adj usted
to pH 8 to pH 13, and

t he al kal i ne aqueous solution is the al kaline aqueous
sol uti ontowhichany one of basi c ammoni umsal t, basi c potassic
salt, and basic sodiumsalt is added as an al kal i ne agent, or
an al kal i ne car bonat e aqueous sol uti on, or an al kal i ne aqueous
solution to which am ne is added.

[Caim7]

The nmet hod f or polishingsiliconwafersaccordingtoclaim
lor cl ai m2, wherei ntheroughpolishingsinultaneouslypolishes
the surface and the rear surface of the silicon wafer with a
doubl e-si de polishing device which includes a carrier plate
i nwhichasiliconwafer i s housed, and an upper surface pl ate
i n which the abrasive cloth is pasted on a | ower surface and
a |l ower surface plate in which the abrasive cloth is pasted
on an upper surface, which holds the carrier plate fromabove
and bel ow t her ebet ween.

[C aim 8]
The met hod f or polishingsiliconwafersaccordingtoclaim

8, wherein polishingis carried out such that a thickness of
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the silicon wafer after the rough polishing is made thicker
than a thickness of the carrier plate.
[Caim9]

The nmet hod f or polishingsiliconwafersaccordingtoclaim
1 or claim2, wherein a polishing liquid which contains free
abrasive grainsisusedtocarry out polishingbeforetherough
pol i shi ng, thereby renoving a native oxidefil mpresent onthe
surface of the silicon wafer.
[ ai m 10]

The nmet hod f or polishingsiliconwafersaccordingtoclaim
1 or claim2, wherein the concentration of the water-sol uble
pol ynmer is adjusted to control ROA of the silicon wafer
[Caim11]

The nmet hod f or polishingsiliconwafersaccordingtoclaim
10, wherein

t he wat er - sol ubl e pol yner i s hydr oxyet hyl cel | ul ose, and

the concentration of the hydroxyethyl cellulose is
adjusted to be 0.1 ppmto 1000 ppm by whi ch ROA of the silicon
wafer is controlled to be -110 to +390 nmin 1 nm notati on.
[Caim12]

The nmet hod f or polishingsiliconwafersaccordingtoclaim
10 or claim 11, wherein,

in the rough polishing, roll-up is allowed to occur in
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an outer circunferential portion of the silicon wafer, and
inthe final polishing, roll-off is allowed to occur in
theouter circunferential portionof thesiliconwafer, thereby
of fsetting the roll-up
[ aim13]
The nmet hod f or polishingsiliconwafersaccordingtoclaim
6, whereinthe al kal i ne agueous sol utionis an al kal i ne aqueous

solution to which amne is added as an al kal i ne agent.
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