DESCRIPTION

DOUBLE-SIDE POLISHING METHOD

TECHNICAL FIELD
[0001] |

© The present invention relates to a fdouble-side polishing
method for polishing both surfaces of a/wafer at the same time

while supplying a polishing agent.

BACKGROUND ART -
[0002] |

As the line width of semicohductor circuits is shrunk,
stricter,requirements for flatnegs of semiconductor wafers used
as,substrates of the cifcuits ave been imposed. In such
situatiens,_large-diameter waffrs are polished by a double-side
" polishing method, which ensufes a higher polishing precision,
instead of a conventional ingle-side polishing method.

Examples of the doub)e-side polishing apparatus include a
planetary gear type of dguble-side polishing apparatus, as
depicted in- FIG. 6, and sw1ng1ng type of double-side pol;shlng
apparatue,,es depicte in FIG. 7. The planetary gear type of
double-side polishing pparatushasalowerturntableandanupper'
turntablenwvableup ardandckmmward andlscmpableofgme351ng"
1:the upper-” turn tablg agalnst the lower turn table to‘apply load
tx)wafers interpos cibetween.the upper'and,lower‘turn/tablesf As
depicted inVFIG. 6, the double-side polishing'apparatus 101 has
a sun gear 107 p Videdineidethelowerturntableandaﬁiﬂternal
gear 108 provided outside the lower turn table.
[0003] ' ' ,
‘Furth rmore, between the upper and lower turn tables,
carriers 15 for holding wafers are provided, and each of the

carriers J05 engages at its periphery the sun gear and the internal



gear and thereby can rotate. The carrier rotatesfabout its own
axis and revolves with respect to the axis betwegn the upper and
lower turn tables according to the rotational fpeed of the sun
gear and the internal gear. Wafers being poljyshed are inserted
and held in the respective holding holes 10k provided in the
carrier are polished without flying out of the double-side
polishing apparatus.

[0004]

On the other hand, as depicted in ¥IG. 7, the swinging type
of double-side polishing apparatus 1 has a carrier 105 for
holding wafers provided between rot ing upper and lower turn
tébles,andinpartsacircularnmveme'ttothecarrierlOS,Without
rotating the carrier, to polish tjfie wafers. _

The planetary gear type of dbuble-side polishing apparatus
can rotate and revolve the carrijer at a higher'rotational speed
and at a higher revolution spdged than the sWinging type of
double-side polishing apparat S,andpromote;Otationalnwvement
of the wafers during polishjyng, thereby énabling the wafersrto_
be polished with flatnessb'igher thén the swinging type of

double-side polishing ap ératus.v The planetary gear type
accordingly becomes recgnt mainstream of the double-side
polishing- apparatus.

[0005] '

Here, it has b én known that, for the planetary gear type
double-side polish’rg apparatus, the flatness of the polished
wafer varies dependling on the relationship between the thickness
afaéarrierandt ethicknéssofthewaferattheendof;xﬂishing,
that is, a finishing thickness of the wafer (See Patent Document
1, for exampi . For a finishing thickness thicker than the
thickness of fthe carrier, for example, a wafer sinks into a
polishingp duetbzapolishingloadsx)thatpreSsufecnltheouter
circumferegfice portion of the wafer becomes higher than that on

the centrdgl portion of the wafer. As aresult, the higher pressure




promotes polishing of the outer circumference poytion, creatiﬁg
an outer circumference portion thinner than the ¢entral portion,
that is, a so-called outer circumference sag, wifich tends to make
the entire shape of the wafer convex. »

[0006]

Conversely, for a finishing thickﬁe s thinner than the.
thickness of the carrier, sinking a wafey into a polishing pad
is mitigated (i.e., a retainer effect) b that pressure on the
outer circumference portion becomes lowef than that on the central
portion. As a result, the outer circpymference portion becomeé
thicker than the central portion, tifat is, a so-called outer
circumference rise is created, which fends tomake the entire shape
of the wafer concave.

Accordingly, the flatness fis conventionally adjusted by
adjusting the finishing thicknegs of a wafer with respect to the
thickness of a carrier. In genglral, a polishing process includes
a first polishing in which royfh polishing is performed at a high
polishing rate and a second golishing in.which fine polishing is
performed at a low polishi'é rate, and the finishing thickness
is adjusted by changing a blishing time of the first polishing.
Polishing a wafer into g highly flat wafer needs an optimum
finishing thickness wi respect to the thickness of a carrier.
[0007]

The finishing /hickness of and the flatness of a polished
wafer are measured ith a flatness measuring device provided
separately from a fdouble-side polishing apparatus after the
polished wafer ig taken of the apparatus by an operator. After
the measurement the wafer is put back into the double-side
polishing appa Otus. The finishing thickness in a next polishing
batch is deteymined to set the polishing time on the basis of the
measurement fresult of the flatness.. Since such measurement,
involving thking out a wafer after every polishing batch, leads

to reductjon of apparatus's productivity and of operator's




productivity, the measurement is performed every multiple

polishing batches.

CITATION LIST
PATENT LITERATURE
[0008]

Patent Document 1: Japanese Unexamiged Patent Application

Publication No. H05-177539

SUMMARY OF INVENTION
TECHNICAL PROBLEM
[0009] '
Unfortunately, a finishing thickness that enables overall
flatness, such_aséiglobal.backsi £ ideal range (GBIR), of a wafer
tolxahigh_isIuﬁ:nécessarily'eq 1 toa finishing'thickness that
enables circumferential flatndss, a site front least squares

range (SFQR) and an edge SFQR/ (ESFQR), of the wafer to be high.

Even when a wafer is finished/with a finishing thickness enébling
a good GBIR, the outer circ 'ference rise or ocuter circumference
sag may occur, resulting ‘ﬁ a worse circumferential flatness (a
worsé SFOR or ESFQR). The adjustment of the finishing thickness
in the,aboVe,manner'isbgnsufficient to improve wafer flatness.
" In additidn,,the abov method using the thickness of a carrier
as a reference canno take into consideration variations in
carrier.thickness; Lie to wear over time.
[0010] .
In recenf  éars,'as requirements of circumferential

flatnessofvafe SbeCOmestrictertoreducecostofsemiconductor
devices, the b tér circumference rise and sag are regarded as
important isspes even in a range that has not been questioned so
far. It is dhifficult to obtain polished wafers with good overall
flatness agd good circumferential flatness by a conventional

method, g., as described above.



[0011]

The present inveﬁtion.has been made in viewfof the problems
described above and an object of the present Jgnvention is to
provide a double-side polishing method that ¢an stably improve
wafer flatness without being affected by varigffions in the carrier

thickness over time.

SOLUTION TO PROBLEM
[0012] 7

. To attain the above-described obyect, the present invention
provides a doﬁble-side polishing metjlod including iﬁterposing a
wafer held by a carrier between upper aﬁd lower turn tables to
which respective polishing pads afe attached, and rotating and
revolving the carfier'while suppl'ingeapolishing'agenttx>polish
,both.surfaces of‘thewnafer‘at'th same time, the method comprising
the steps of first pollshlng at a high pollshlng rate; second
polishing at a low polishin .iate, measuring flatness of the
pollshed wafer; and determ"ing polishing conditions of thé
second polishing in a nexy polishing batch on a basis of the
measured flatness.
[0013]

~ Such adouble-si ‘polishingn@thodcaneffectivelyimpkove~
the flatness -on the bafis of the measured flatness in the current
polishing batch witlout being affected by variations in the
carrier thidkneSs. fér time because the carrier thickness is not
used as avrefefen In addition, use of in—line'measurement of
the flatness al ws reduction in productivity to be avoided.
[0014] -/

At this/time, the measured flatness preferably inclUdes
overall flatyess represented_by a cross-sectional shape pa551ng
through a cgnter of the wafer and 01rcumferent1al flatness
representef by a sag shape or a rise shape of an outer circumference

portion ‘the wafer.



Such a method can determine the polishing coflditions of the
second polishing inmore detail on the basis of eaclf of the measured
overall flatness and circumferential flatness/ improving the
flatness more effectively.

[0015]

More specifically, the step of deterfining the polishing
conditions of the second polishing may detfrmine at least one of
a polishing load, a rotational speed of tlfe carrier, a revolution
.speed of the carrier, a rotational speedfof the upper turn table,
a.rotational{speeclof'the lower turn talfles, and61polishing‘time.

The polishing conditions of t}e second polishing may
specifically be determined in such g manner, and particularly in
the event that the overall flatnefs and the circumferential
flatness are measured, both of thie flatness can be effectively
improved. B
[0016]

Moreover, the step of dgtermining the polishing conditions
of the second polishing may/determine the polishing,conditiéns
such that, if the measuredVCircumferential flatness is the rise
- shape, then a polishing l¢ad is decreased and a rotational speed
iofrthe upper and lower tyrn tables and a rotational speed of and
arevblutionspeedofth'carrierareincreasedcomparedwiththose
" of a current polishingfbatch, and if the measured circumferential
flatness is the sag ghape, then the polishing load is increased
and the rotational fpeed of the upper and lower turn tables and
the rotational spefed of and the revolution speed of the carrier
are decréased.co ared with those of the current polishing batch.
| Such polifhing conditions affect the polished wafer such
that if thexné Sﬂred.circumferential flatness is the rise shape,
then the wafdr is apt to be concave, and if the measured '
circumferenifial flatness is the sag shape, then the wafer .is apt
tobe conveyf. The inventive method can combine such determination

of polishfng conditions and adjustment of the overall flatness .




by using the finishing thickness to improve botif the overall
flatness: and the circumferential flatness.
[0017]

More specifically, if the measured cirfumferential
flatness is the rise shape, then a polishing time of the first
polishing may be determined such that a fjynishing thickness
becomes thicker than that of the current pplishing batch, and if
the circumferential flatness is the sag s épe, then.the]golishing
time of the first polishing may be detfrmined such that the
finishing thickness becomes thinner than that of the current
polishing batch. ,

Such adjustment of the polishfing time affect the polished
wafer as follows: if the measured cjrcumnferential flatness is the
rise shape, then the wafer is apt/to be convex, and consequently
both the overall flatness and the circumferential flatness cén
be improved due to combinatiogfwith the above effect of a wafer
‘being apt to be concave becaube of changed polishing conditions
of the second polishing; apd if the measured circumferential
flatness is the sag‘shapeiethen the wafef,is apt to be concave,
- and consequently both th ’overall flatness and the
circumferential flatnesd can be improved due to combination with
the aboveeeffect of a fafer being ‘apt to be convex because of

changed polishing conflitions of the second polishing.

ADVANTAGEOUS EFFECYS OF INVENTION
[0018] ' |
The inventfive double-side polishing method of a wafer
involves measuying the flatness of the polished wafer and
determining po ishingconditions<IEthesecondpdlishihgin@inext
polishing bajch on the basis of the measured flatness, thefeby
enabling wafer flatness to be stably improved without being
variations in carrier thickness over, time. In

overall flatness and circumferential flatness can




stably be improved by measuring the overall flayness and the
circumferential flatness to determine the polishing conditions

of the second polishing on the basis of these meagurement results.

BRIEEF DESCRIPTION OF DRAWINGS
[0019]

FIG. 1 is a flow diagram of an exapiple of a double-side
polishing method of the present inventipn;

FIG. 2 is a schematic diagram of anfexample of a double-side
polishing apparatus usable in the douple-side polishing method
of the present invention; '

FIG. 3A is a schematic top view pf an example of a double~-side
polishing apparatus, usable in thg inventive double-side
polishing method, that is providefl with a robot for transporting
a wafer automatically; .

FIG. 3B is a side view ¢nlarging the robot in FIG. 3A.

FIG. 4 is an explanatofy diagram of first polishing and
second polishing in the doyble-side polishing method of the
present invention; o ’

FIG. 5 shows the r Gults Qf an example and a comparative
example; -

FIG. 6 is a schepatic diagram of a common planetary gear
type of double-side lishing apparatus; and

FIG. 7 is a schematic diagram of a common swinging type of

double~side'polish'hg apparatus.

DESCRIPTION OF E‘BODIMENTS
[0020]
Hereinafter, embodiments of the present invention will be
described, byt the present invention is not limited thereto.
As de cribedearlier,z;conventionaldouble{sidepolishing
method, inyolving adjustment of a finighing thickness according

to the cafrier thickness for improvement in flatness, is unable .




tosufficiently improve the flatness and has a prob em of a further
improvement in the flatness, particularly at the outer
circumference portion of a wafer. In addition,/the conventional
method cannot take into consideration the varfations in carrier
thickness due to wear over time.

[0021] |

The present inventors conducted a eat deal of study to

solve these problems, and found the follgwing. The flatness of
a wafer is measured after every polishing batch, and the
measurement result is reflected in poljyshing conditions, such as
a polishing load anda rotational spegd of upper and lower turn
tables, of the second polishing in afnext polishing batch. Such
a method enables a wafer to be stalfly polished into a wafer with
high flatness wiﬁhout being affeftted by variations in carrier
thickness over time. The invenfors also found that both of
overall flatness and circumfergntial flatness can be improved by
using a finishing thickrness ¢ghanged from that of a current
polishing batch and other pplishing conditions, such as a
polishing load, a'rotatioréi speed of an upper and lower turn
tables,earotational.speeocﬁféndairevolution.speed<1fa.carrier,
andapmlishingtime,oftneSecondpolishing,whicharedetermined
on the.basis of thé'mé_surement_reSult of the overall flatness
and the'circuﬁferénti~i flatness,.thereby brought the present
invention to comple on.

[0022]. |

AdoubleQSiorpolishingapparatususablejjlthedoublefside

poliéhinggmethod;if the present invention will now be described.
Asdepictedjlev'.2,%3déuble—sidepolishingapparatus]_includes
acylindrical pﬁerturntableZEﬂniacylindricallowerturntable
3, to which Spective polishing pads 4 are attached such that
a polishing face of one of the polishing pads faces a polishing
face of thef other polishing pad. Examples of the polishing pad

4 include/a polishing pad obtained by impregnating a nonwoven .




fabric with urethane resin‘andezpolishing'pad.for ed of urethane
foam. A sun gear'7 is attached to the inside off the lower turn
table 3 and an internal gear 8 is attached to tife outside of the
lower turn table 3. The upper and lower turn fables 2 and 3, the
sun gear 7, and the internal gear 8 have th¢ same central axis
of rotation and can independently rotate abgut the central axis.
[0023] | '

As depicted in FIG. 3R, a plurality of carriers 5, each of
which are provided with holding holes 6 for holding wafers W, are
configured to be interposed between the pperandlowerturntables
2 and 3. Each of the carriers 5 are thys provided with a plurality
of holding holes 6 to polish apluralify of wafersWevery polishing
batch. The carriers 5 engage the syin gear 7 and the internal gear
8 and are configured to rotate abput its own axes and to revolve
around the central axis between/the upper and lower turn tables
according to the rotational spedd of the sun gear 7 and the internal
gear 8. The wafers W are ingerted and held in the respective
holding holes 6 of such carfiers 5, and the upper turn table 2
descends to interpose the w'fers W and the carriers 5 and applies
a polishing load to the yafers. The double-side polishing .
apparatus is.configuredfto rotate.the upper turn table 2 in oné
rotational direction apd the lower turn table 3 in the other
rotatidhal direction yhile supplying a polishing agent supplied
from nozzles 10'intvvbetWeen the upper and lower turn tables
through through~holgs 9 provided in the upper turn table 2, whereby
the both surfaces bf the wafers W are polished at the samé,time.
[0024] -/
| As depictgd inFIG. 3A and FIG. 3B, the double-side polishing.
apparatus usa le in the inventive double—side polishing method
isprovidedw‘thearqbot]JAfOrtranSportingaawaferautomatically
(hereinaftegf, briéfly referred to as a robot) and a thickness
measuring [nstrument 12 for measuring a finishing thickness of

ed wafers. The thickness measuring instrument 12 has_

10




two displacement éensoré 13, which are spaced and fAce each other,
and is configured to determine the thickness of afwafer W by us.ing
differences in position measured by each of e displacement
sensors when the wafer W is inserted into thefspace between the
two displacement sensors. Examples of the glisplacement sensor
13 usable herein include a contact displagement sensor and a
non-contact displacement sensor, such asfa capacitive
displacement ‘sensor and a laser displacement sensor. The
noncontact type displacement sensor ig preferable in
consideration of an influence of waf¢gr scratches. The
double-side polishing apparatus thus gnables in-line measurement
of the thickness of a wafei‘.

[0025]

As depicted in FIG. 4, the gouble-side polishing method of
the present invention uses. such gfdouble-side polishing apparatus
to polish a wafer by two polisjing processes: a first polishing
at a high polishing rate and afsecond polishing at a low pblishing
rate. Here, the first polislfing is a process, formainly removing
mechanical distortion and 'i‘ts caused in a previous process on
wafer surfaces, performedfith a higher polishing load at a higher
polishing rate to improv¢ productivity. The second polishing is

a process, for mainly adfusting the flatness, performed.at a lower
‘polishing rate under polishing conditions appropriately
‘determined on the bafis of the flatness measured in a previous
polishing batch. - is to be noted that the above-described
configuration of the double-side polishing apparatus used in_the
presént inventioyf is merely an example and the present invention

is not limited fhis configuration.

The doyble-side polishing method of the present invention

will be more Specifically described below with referenced to FIG.

—
.

As flepicted in FIG. 1, wafers polished in a previous

11




polishing batch (FIG. 1 at S1) are collected from the double-side
polishing apparatus by the robot (FIG. 1 at S2) apd put in a tank.
After all the wafers are collected from the double—side]pclishihg
apparatus, the apparatus takes one of the waf¢rs to be measured
out of the tank with the robot (FIG. 1 at S3¥), remove moisture
on the wafers with a blcwer if necessary IG. 1 at 84), and
measures the finishing thickness and the flatness (FIG. 1 at S5).
[0027] '

The finishing thickness may be mgasured by the thickness
measuring instrument. At this time, fhe number of wafers used
for measurement may be one or more angfong the wafers polished in
a single batch, and an average valpe thereof is used for
measurement on two or more wafers. The finishing thickness may
be an average for thicknesses atfpositions on a lateral line

‘passing through the center of g wafer. A

The méasured flatness mgy include-overall flatness
represented by a croés—secti al shape passing through a center
of the wafer and circumfereptial flatness,representcd byba éag
shape or a rise shape of afaouter circumference portion of the
wafer.

[0028]

Thecflatneés canfbe nmeasured by a flatness measuring
vinstrument. As descr bed below, the flatneSs mnay also be
expresSedbyeanumeraVvaluecalculatedfromneasuredthicknesses
as follcws:'thevthﬂcknesses are measured by the thickness
measuring instrumgnt; and the flatness is then calculated from
the measured thigknesses. For example, the overall flatness may
be a difference.be£Ween the maximum value and the minimum value
of the thickn éses measured at multiple positions, and the
circumferentfal flatness may be a difference between a thickness
at 3 mm apayt from the wafer,periphery and a thickness at 1 mm
apart fromfhe wafer periphery. It:usp;eferable,knn:notlimited,

te the flatness from the wafer thickness obtained by

12




the in-line measurement to avoid reduction in pyoductivity,
unlike a conventional method involving measuringf/the flatness by
a flatness measuring instrument provided sepafately from the
double~side polishing apparatus.

[0029] v

Next, the polishing conditions in th second polishing in
a.next.polishixm;bafch.on‘the}aasis of the mgasured flatness (FIG.
1 at 86 and S87). At this time, if the gleasured flatness,
particularly the circumferential flatness, is good, then the
polishing conditions in the second po)ishing may be the same as
those in the current polishing batclh/. The finishing thickness
in the next polishing batch is they determined on the basis of
the measured flatness (FIG. 1 at f£8). A

Next, a total polishing ampunt needed is calculated from
a difference between a wafer thijckness before polishing and the
determined finishing thicknesy (FIG. 1 at S9), and a polishing
time needed in the first polifhing is calculated with reference
to polishing rates recorded/ in the past and set.

Then, polishing of wréers is started under the polishing
v»coﬁditions determined in/such a manner.

[0030]

Such an inventivf double-side polishing method can
effectively improve the flatnesé on the basis of the measured
flatness in the Curr;ﬁt polishing batch without being affected
by variations in tie carrier thickness over time because the
carrier thickness/fis not used as a reference. In addition, use
of in-line measufement of the flatness allows reduction in.
productivity tq be avoided.

The nea ﬁrement of the flatness including the overall
flatness and fhe circumferential flatness enables determination
of more spechific pdlishing conditions of the second polishing on
the basis pf each of the measured ovgrall flatness and

circumferfntial flatness to improve the flatness more

13




effectively.
[0031]

Specific polishing conditions of thevse ond polishing
determined in the above step may include at leas one of a polishing
load, a rotational speed of the carrier, a yevolution speed of
the carrier, a rotational speed of the upger turn tabie, a
rotational Speed.bf the loWer turn tables,/and a polishing time.

In such a manner, particﬁlarly:h}t event that the overall
flatness and the circumferential flatnefSs are measured, both of
the overall flatness and the circumfegrential flatness can be
effectively improved. ' '

Here, the polishing lcad may pe 50 to 300 g/cn?, the upper
and lower turn tables may be 1 to rpm, and the polishing time
may be in the range of 25 minutefs or less, for example. The

-rotational speed and revolutioy speed of the carrier can be
adjusted by the rotational speed of the upper and lower turn tables,
_ofthe:anugeér,and<ﬁfthéiﬂt rnal gear, and the rotational speed
of.the sun gear and of the i.ternal geaxr may be the same as that
of fhe upper and lower tuy ‘tables.
[0032] |

More specifically/f the polishing conditions is preferably
determined as_follbng{

If therméasdredﬁCircumferential flatness is a rise shape,
‘then.the polishihg lféd’is decreased and the rotational speed of
the upper and lowe fturnitables and the rotational speed of ahd
the.revolution.sp ed of the cérrier are increased compared with
those of the cuxy ént_polishing batch. Under the decreased
polishing‘load,fthevincreased rotational speed of the upper and
lower turn talfles, and hence the increased revolution speed of
the carrier, gxﬂjshingageﬁtreadilyreachesthecentralportion
of the wafef. In éddition, the central portion of the wafer is
heated to # temperature higher than that of the circumferential

portion hecause of heat generated by polishing and less cooling.
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effect of the polishing agent. ETomthesetwoieaso s,néchanical
polishing and chemical polishing are promoted gt the central
portion of the wafer compared with at the circumfgrential portion,
and hence the polishing rate is higher at the cefitral portion than
the circumferential portion so that the wafey tends to be formed
in a concave shape.

[0033] |

‘Meanwhile, if the measured circunfferential flatness is a
-sag shape, then the polishing load is inc easedenxithe.rotatioﬁal
speed of the upper and lower turn tableg and the rotational speed
of and the revolution speed of the carfier are decreaéed_compared
with those of the current polishingbgtch. Under such conditions,
the polishing agent, in contrast t¢ the above conditions, hardly
reaches the center portion of thefwafer, and hence the polishing
rate is lower at the central pgrtion than the circumferentiai
portioh so that the wafer tendf to be formed in a convex shape.

The polishing conditions are thus determined such that the
wafer tends to be formed in)a'concave or convex shape, beéides
thebverallflatneésjisadj ted by determnining a proper finishing
flatness so that combinatibn of these determinations enables both
the dverall flatness angt the circumferential flatness to be
improved. |
[00347}

Tn an exempla i/ case where the measured overall flatness
is a convex'shapé’ fd the measured circumferential flatness is
a rise shape,-the olishing load is decreased and the rotational
speed of the upp and lower turn tables and the rotational speed
of and the revo Ltioh.speed.of the carrier are increased compared -
with those of the current polishing batch so that the wafer ténds
to be formed fin a concave shape, and the finishing thicknesé is
increased s vthat'ﬁhe wafer tends to be formed in a convex shape.
Under the gletermined conditions, both.the overall flatness and

the circylferential flatness can be improved. In contrast, in.
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an exemplary case where the measured overall flatnghs is a concave
shape and the measured circumferential flatnessf/is a sag shape,
the polishing load is increased and the rotatignal speed of the
upper and lower turn tables and the rotation speed of and the
revolution speed of the carrier are decreasedf/compared with those
of the current polishing batch so that the wafer tends to be formed
in a convex shape; and the finishing thidkness is decreased so
that the wafer tehds to be formed in a coficave shape. Under the
determined conditions, likewise, both fhe overall flatness and
the circumferential flatness can be jfproved. -
[0035]

‘ It is to be noted that conventjfonal methods, if the overall
flatness is a convex shape and th¢ circumferential flatness is
a rise shape, merely decrease theffinishing thickness to improve
the convex shape of the overall flatness. The rise shape of the
circumferential portion is thgrefore developed due to the
retainer effect of a carrier,/which mitigates sinking of a wafer
into a polishing pad.

[0036]

 The present inventjon, as described above, determines
polishing conditions to phift the circumferential flatness from
the rise and sag sﬁape' to the concave and convex shapes,
;_respectively;énd/acc rdingtx;thisdetermination,thefinishing
thickness to make thf overall flatness flat, thereby improving
both the overall a d.circumferential flatness.

If the circynferential flatness is neither the rise shape
nor the sag shap¢ as above, but flat, the polishing conditions
of the second pglishing may be the same as those of the current:
polishing batch. 1In this case, the polishing time of the first
polishing is fchanged to adjust the finishing thickness so that
the overall /flatness is improved. Specifically,“the polishing

time of th¢ first polishing may be determined in.such a manner

that 1if the overall flatness is the concave shape, then the
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finishing thickness is increased from that of t current
polishing batch, and if the overall flatness is thfe convex shape,
then the finishing thickness is decreased from that of the current

polishing batch.

" [0037]

The polishing time of the second pdl'shing is preferably
determined to be é time required for securjyng a polishing amount
sufficient for the above shape adjustme v, and may be, but not
limited to, a time required fbr securiglg a polishing amount of
1.5 to 5.0 pm.

EXAMPLES
(0038] 7

Hereinafter, the present inyention will be described more
specifically with an example and a comparative example of the
present invention, but the presggnt invention is not limited to
these examples. '

[0039]
(Example)

Waferswerepolished_iijladouble—sidepolishingapparatus

~capable of in-line measurgment of the flatness in accordance with

the double~side polishing method of the present invention as shown
in FIG. 1, and the flathess was evaluated. The polished wafers
were 300-mm-diameter ﬂ'liccw1WaférE;prepareciby'SlicingzaSilicon
singlercrystal ingoy produced by the Czochralski (CZ) method,
chamfering the edg féf the wafers, and 1apping=and.polishing the
wafers. The ddub emsidé polishing apparatus had urethane. foam
polishing.pads o both sidés of the upper and lower turn tables.
The polishing a ent containing colloidal silica grains with a pH
of 10.0 to 11/0 was used. »
[0040]

The p lishing’conditions in the first batch were determined
as followsf

In fhe first polishing, the polishing load. was 250 g/cn?, and
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the rotational speeds of the upper and lower turry/ tables and of
the sun and internal gears were determined sucjpi that both the
difference between the revolution speed of th¢ carrier and the
rotational speed of the upper turn table and the flifference between
the rotational speed of the lower turn tablg and the revolution
speed of the carrier became 20 rpm; The roffational speed of the
carrier was 1 rpm; ‘

In the second polishing, the polifshing load was 180
g/cm?, and the rotational speeds of the ugper and lower turn tables
and the sun and internal gears were detfermined in the same manner
as the first polishing; and .

The polishing time of the secohd polishing was 3.5 minutes,
and the polishing time of the firstfpolishing was determined such
that the finishing thickness befane 777 pm .

[0041] o ‘

The wafers were polished under such polishing conditions,
and the flatness of each of thl polished wafers was measured. As
a result, the overall flat ess was a convex shape and the
ciréumferential flatness flas a rise shape. Accordingly, the
polishing conditions of tife second polishing process in the second
batch were determined gk foliows:

The polishing lgad was decreased to 130 g/cm’, and the
rotational speedsbof the upper and lower turn tables and the
rotational speed of And the revolution speed of the carrier were
increaséd such thaf both the difference between the revolution
speed of the carrfer and the rotaticnal speed of the upper turn
tableandthecﬁi’érencebetweentherotationalspeajofthelower
turn table and fhe revolution speed of the carrier became 25 rpm;
The rotationa) speed of the carrier was increased to 4 rpm; The
finishing thfickness was increased to 780 pm; and the polishing
time of theg second polishing was 6 minutes. V

The fpolishing conditions of the first polishing were

determingd to be the same as those of the first batch except that -
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the polishing time was changed such that the finishing thickness

became 780 pm. The wafers were polished under puch polishing
conditions, and the flatness of the polished waf¢rs was measured.
[0042]

| ‘As a result, both of the overall flatfiess and the
circumferential flatness were improved to food values. FIG. 5
shows the resultrof the flatness, whereid the flatness in the
later—~described Comparative Example is cgnhverted to 1. As shown
in FIG. 5, the GBIR, representing the erall flatness, in the
Example and Comparative Example was gogd, but the SFQR and ESFQR,
representing the circumferential fla ess,jlexanmﬂfawas better
than those in Comparative Example.

Moreover, the in-line measuyement of the flatness allowed
ijapolishingTxabercompletedvﬁi: ut increase in processing time
and hence decrease in productiyity.

It was thus confirmed tha}f the double-side polishing method
of the present invention can/stably improve the wafer flatness
and.also‘prevent from being .’fectec{by'variétions in the carrier
thiékness over time becau é the polishing conditions are
detérmined without using fthe carrier thickness as a reference,r
[0043] |
(Comparative EXampie).f

'Silicorfsingle [rystal wafers were polished under the same
conditions_as those : the first polishing batch in Example. The
flatness of'the'pb:ished wafer was measured with a flatness
measuring instfﬁm’nt (Nanometro 300TT manufactured by KURODA
Precision Indus ies-Ltd.} provided separately from the
double-side po  shiﬁg apparatus, and the overall flatness was a
convex shape ghd the circumferential flatness was a rise shape.
Accordingly, fthe finishing’thickness of the wafer in the seéond
polishing bAtch waé determined to be thinner than the thickness
of the cayrier to improve the. overall. flatness..

As fa result, although the overall flatness was improved,
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the circumferential flatness became a steeper rifse shape. As
depicted in FIG. 5, the circumferential flatnegs became
considerably worse than that of Example.
[0044]

Tt is to be noted that the present inveption is not limited
to the foregoing embodiment. The embodime is just an
exemplification, and any examples that hdve substantially the
same feature and demonstrate the same fynctions and effects as
those in the technical concept described/in claims of the present
invention are included in the technigal scope of the present

invention.




CLAIMS

1. A double-side polishing method includin intérposing a
wafer held by a carrier between upper and lowger turn tables to
which respective polishing pads are attached, and rotating and
revoiving the carrier while supplying a polighing agent to polish
both surfaces of thezwafer‘at the same time, fthe method comprising
the steps of:

first polishing at a high polishing rate;

- second polishing at a low polisghing rate;

measuring flatness of the polifshed wafer; and

determining polishing conditifons of the second polishing

in a next polishing batch on a bagis of the measured flatness.

2. The double-side polishing/ method according to claim 1,
wherein

the measured flatness fncludes overall flatness
repreéented by a cross-sectifnal shape passing through a center
of the wafer and circumfer ntial flatnesé represented by a sag
shape or a rise shape of An duter circumference portion of the

wafer.

3. The'double—éide polishing method according to claim 1 or
2, whefein; . _v

the step of’»étermining the polishing conditions of the
second polishiﬁg'_‘termihes at least one of a polishing load, a
rotatibnalspeedfftheCarfier,arevolutionspeedofthecarrier,
a rotational spﬂéd of the upper turn table, a rotational speed

of the lower turn tables, and a polishing time.
4. The dguble-side polishing method according to claim 2 or

3, whereinj.

step of determining the polishing conditions of the .
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second polishing determines the polishing conditifpns such that,
if the measured circumferential flatness is the yise shape, then
a polishing load is decreased and a rotational speed of the upper
.and lower turn tables and a rotational speedﬁo and a revolution
speed of the carrier are increased compared witn those of a current
polishing batch, and if the measured circumfferential flatness is
the sag shape, then the polishing load ig increased and the

rotational speed of the upper and lower/turn tables and the

rotational speed of and the revolution jpeed of the carrier are

decreased compared with those of the furrent polishing batch.

5. The double-side polishing mefhod according to claim 4,
wherein,
if the measured circumferenfial flatness is the rise shape,

.then a polishing time of the fiyst polishing is determined_such
that a finishing thickness becoges thicker than that of the current.
polishing batch, and if the c fcumferential flatness is the sag
shape, then the polishing tim ofthefirstpolishingisdetermiﬁed
such that the finishing t ékness becomes thinner than that of

the current polishing balch.
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DOUBLE-SIDE POLISHING METHOD

[Detailed Description of the Invention]
[Technical Field]
[0001]

The present invention relates to a double-side
polishing method for polishing both surfaces of a wafer
at the same time while supplying a polishing agent.
[Background Art]

[0002]

As the line width of semiconductor circuits is
shrunk, stricter requirements for flatness of
semiconductor wafers used as substrates of the circuits
have been imposed. In such situations, large-diameter
wafers are polished by a double-side polishing method,
which ensures a higher polishing precision, instead of a
conventional single-side polishing method.

Examples of the double-side polishing apparatus
include a planetary gear type of double-side polishing
apparatus, as depicted in FIG. 6, and a swinging type of
double-side polishing apparatus, as depicted in FIG. 7.
The planetary gear type of double-side polishing
apparatus has a lower turn table and an upper turn table
movable upward and downward, and is capable of pressing
the upper turn table against the lower turn table to
apply load to wafers interposed between the upper and
lower turn tables. As depicted in FIG. 6, the double-
side polishing apparatus 101 has a sun gear 107 provided
inside the lower turn table and an internal gear 108
provided outside the lower turn table.

[0003]
Furthermore, between the upper and lower turn

tables, carriers 105 for holding wafers are provided,



and each of the carriers 105 engages at its periphery
the sun gear and the internal gear and thereby can
rotate. The carrier rotates about its own axis and
revolves with respect to the axis between the upper and
lower turn tables according to the rotational speed of
the sun gear and the internal gear. Wafers being
polished are inserﬁed and held in the respective holding
holes 106 provided in the carrier are polished without
flying out of the double-side polishing apparatus.

[0004] ‘

On the other hand, as depicted in FIG. 7, the
swinging type of double-side polishing apparatus 111 has
a carrier 105 for holding wafers provided between
rotating upper and lower turn tables, and imparts a
circular movement to the carrier 105, without rotating
the carrier, to polish the wafers.

The planetary gear type of double-side polishing
apparatus can rotate and revolve the carrier at a higher
rotational speed and at a higher revolution speed than
the swinging type of double-side polishing apparatus,
and promote rotational movement of the wafers during
polishing, thereby enabling the wafers to be polished
with flatness higher than the swinging type df double-
side polishing apparatus. The planetary gear type
accordingly becomes recent mainstream of the double-side
polishing apparatus.

[0005]

Here, it has been known that, for the planetary
gear type double-side polishing apparatus, the flatness
of the polished wafer varies depending on the
relationship between the thickness of a carrier and the
thickness of the wafer at the end of polishing, that is,

a finishing thickness of the wafer (See Patent Document



1, for example). For a finishing thickness thicker than
the thickness of the carrier, for example, a wafer sinks
into a polishing pad due to a polishing load so that
pressure on the outer circumference portion of the wafer
becomes higher than that on the central portion of the
wafer. As a result, the higher pressure promotes
polishing of the outer circumference portion, creating
an outer circumference portion thinner than the central
portion, that is, a so-called outer circumference sag,
which tends to make the entire shape of the wafer convex.
[0006]

Conversely, for a finishing thickness thinner than
the thickness of the carrier, sinking a wafer into a
polishing pad is mitigated (i.e., a retainer effect) so
that pressure on the outer circumference portion becomes
lower than that on the central portion. 'As a result,
the outer circumference portion becomes thicker than the
central portion, that is, a so-called outer
circumference rise is created, which tends to make the
entire shape of the wafer concave.

Accordingly, the flatness is conventionally
adjusted by adjusting the finishing thickness of a wafer
with respect to the thickness of a carrier. In general,
a polishing process includes a first polishing in which
rough polishing is performed at a high polishing rate
and a second polishing in which fine polishing is
performed at a low polishing rate, and the finishing
thickness is adjusted by changing a polishing time of
the first polishing. Polishing a wafer into a highly
flat wafer needs an optimum finishing thickness with
respect to the thickness of a carrier.

[0007]

Therfinishing thickness of and the flatness of a



polished wafer are measured with a flatness measuring
device provided separately from a double-side polishing
apparatus after the polished wafer is taken of the
apparatus by an operator. After the measurement, the
wafer is put back into the double-side polishing
apparatus. The finishing thickness in a next polishing
batch is determined to set the polishing time on the
basis of the measurement result of the flatness. Since
such measurement, involving taking out a wafer after
every polishing batch, leads to reduction of apparatus's
productivity and of operator's productivity, the
measurement is performed every multiple polishing
batches.
[0008]

[Patent Document 1] Japanese Unexamined Patent
Publication (Kokai) HO05-177539
[Disclosure of the Invention]
[Problem to be solved by the Invention]
[0009]

“Unfortunately, a finishing thickness that enables
overall flatness, such as a global backside ideal range
(GBIR), of a wafer to be high is not necessarily equal
to a finishing thickness that enables circumferential
flatness, a site front least squares range (SFQR) and an
edge SFQR (ESFQR), of the wafer to be high. Even when a
wafer i1is finished with a finishing thickness enabling a
good GBIR, the outer circumference rise or outer
circumference sag may occur, resulting in a worse
circumferential flatness (a worse SFQR or ESFQR). The
adjustment of the finishing thickness in the above
manner is insufficient to improve wafer flatness. 1In
addition, the above method using the thickness of a

carrier as a reference cannot take into consideration



variations in carrier thickness due to wear over time.
[0010]

In recent years, as requirements of
circumferential flatness of wafers become stricter to
reduce cost of semiconductor devices, the outer
circumference rise and sag are regarded as important
issues even in a range that has not been questioned so
far. It is difficult to obtain polished wafers with
good overall flatness and good circumferential flatness
by a conventional method, e.g., as described above.
[0011]

The present invention has been made in view of the
problems described above.and an object of the present
invention is to provide a double-side polishing method
that can stably improve wafer flatness without being
affected by variations in the carrier thickness over
time.

[Means for solving Problem]
[0012]

" To attain the above-described object, the present
invention provides a double-side polishing method
including interposing a wafer held by a carrier between
upper and lower turn tables to which respective
polishing pads are attached, and rotating and revolving
the carrier whilé supplying a polishing agent to polish
both surfaces of the wafer at the same time, the method
comprising the steps of: first polishing at a high
polishing rate; second polishing at a low polishing
rate; measuring flatness of the polished wafer; and
determining polishing conditions of the second polishing
in a next polishing batch on a basis of the measured
flatness.

[0013]



Such a double-side polishing method can
effectively improve the flatness on the basis of the
measured flatness in the current polishing batch without
being affected by variations in the carrier thickness
over time because the carrier thickness 1is not used as a
reference. In addition, use of in-line measurement of
the flatness allows reduction in productivity to be
avoided.

[0014]

At this time, the>measured flatness preferably
includes overall flatness represented by a cross-
sectional shape passing through a center of the wafer
and circumferential flatness represented by a sag shape
or a rise shape of an outer circumference portion of the
wafer.

Such a method can determine the polishing
conditions of the second polishing in more detail on the
basis of each of the measured overall flatness and
circumferential flatness, improving the flatness more
effectively.

[0015]

More specifically, the step of determining the
polishing conditions of the second polishing may
determine at least one of a polishing load, a rotational
speed of the Carﬁier,,a revolution speed of the carrier,
a rotational speed of the upper turn table, a rotational
speed of the lower turn tables, and a polishing time.

The polishing conditions of the second polishing
may specifically be determined in such a manner, and
particularly in the event that the overall flatness and
the circumferential flatness are measured, both of the
flatness can be effectively improved.

[0016]



Moreover, the step of determining the polishing
conditions of the second polishing may determine the
polishing conditions such that, if the measured
circumferential flatness is the rise shape, then a
polishing load is decreased and a rotational speed of
the upper and lower turn tables and a rotational speed
of and a revolution speed of the carrier are increased
compared with those of a current polishing batch, and if
the>measured circumferential flatness is the sag shape,
then the polishing load is increased and the rotational
speed of the upper and lower turn tables and the
rotational speed of and the revolution speed of the
carrier are decreased compared with those of the current
polishing batch.

Such polishing conditions affect the polished
wafer such that if the measured circumferential flatness
is the rise shape, then the wafer is apt to be concave,
and if the measured circumferential flatness is the sag
shape, then the wafer is apt to be convex. The
inventive method can combine such determination of
polishing conditions and adjustment of the overall
flatness by using the finishing thickness to improve
both the overall flatness and the circumferential
flatness.

[0017]

More specifically, if the measured circumferential
flatness is the rise shape, then a polishing time of the
first polishing may be determined such that a finishing
thickness becomes thicker than that of the current
polishing batch, and if the circumferential flatness is
the sag shape, then the polishing time of the first
polishing may be determined such that the finishing

thickness becomes thinner than that of the current



polishing batch. 7

Such adjustment of the polishing time affect the
polished wafer as follows: if the measured
circumferential flatness is the rise shape, then the
wafer is apt to be convex, and consequently both the
overall flatness and the circumferential flatness can be
improved due to combination with the above effect of a
wafer being apt to be concave because of changed
polishing conditions of the second polishing; and if the
measured circumferential flatness is the sag shape, then
the wafer is apt to be concave, and consequently both
the overall flatness and the circumferential flatness
can be improved due to combination with the above effect
of a wafer being apt to be convex because of changed
polishing conditions of the second polishing.

[Effect of the Invention]
[0018]

The inventive double-side polishing method of a
wafer involves measuring the flatness of the polished
wafer and determining polishing conditions of the second
polishing in a next polishing batch on the basis of the
measured flatness, thereby enabling wafer flatness to be
stably improved withqut being affected by variations in
carrier thickness over time. In addition, overall
flatness and circumferential flatness can stably be
improved by measuring the overall flatness and the
circumferential flatness to determine the polishing
conditions of the second polishing on the basis of these
measurement results.

[BRIEF DESCRIPTION OF DRAWINGS]
(0019]
FIG. 1 is a flow diagram of an example of a

double-side polishing method of the present invention;



FIG. 2 is a schematic diagram of an example of a
double-side polishing apparatus usable in the double-
side polishing method of the present invention;

FIG. 3 is a schematic diagram of an example of a
double-side polishing apparatus, usable in the inventive
double-side polishing method, that is provided with a
robot for transporting a wafer automatically, (A) 1is a
top view, (B) is a side view enlarging the robot;

FIG. 4 is an explanatory diagram of first
polishing and second polishing in the double-side
polishing method of the present invention;

FIG. 5 shows the results of an example and a
comparative example; |

FIG. 6 is a schematic diagram of a common
planetary gear type of double-side polishing apparatus;
and

FIG. 7 is @ schematic diagram of a common swinging
type of double-side polishing apparatus.

[Best Mode(s) for Carrying out the Invention]
(0020]

Hereinafter, embodiments of the present invention
will be described, but the present invention is not
limited thereto.

As described earlier, a conventional double-side
polishing method, involving adjustment of a finishing
thickness according to the carrier thickness for
improvement in flatness, is unable to sufficiently
improve the flatness and has a problem of a further
improvement in the flatness, particularly at the outer
circumference portion of a wafer. In addition, the
conventional method cannot take into consideration the
variations in carrier thickness due to wear over time.

(0021]



The present inventors conducted a great deal of
study to solve these problems, and found the following.
The flatness of a wafer is measured after every
polishing batch, and the measurement result 1s reflected
in polishing conditions, such as a polishing load and a
rotational speed of upper and lower turn tables, of the
second polishing in a next polishing batch. Such a
method enables a wafer to be stably polished into a
wafer with high flatness without being affected by
variations in carrier thickness over time. The
inventors also found that both of overall flatness and
circumferential flatness can be improved by using a
finishing thickness changed from that of a current
polishing batch and other polishing conditions, such as
a polishing load, a rotational speed of an upper and
lower turn tables, a rotational speed of and a
revolution speed of a carrier, and a polishing time, of
the second polishing, which are determined on the basis
of the measurement result of the overall flatness and
the circumferential flatness, thereby brought the
present invention to completion.

[0022]

A double-side polishing apparatus usable in the
double-side polishing method of the present invention
will now be descfibedq As depicted in FIG. 2, a double-
side polishing apparatus 1 includes a cylindrical upper
turn table 2 and a cylindrical lower turn table 3, to
which respective polishing pads 4 are attached such that
a polishing face of one of the polishing pads faces a
polishing face of the other polishing pad. Examples of
the polishing pad 4 include a polishing pad obtained by
impregnating a nonwoven fabric with urethane resin and a

polishing pad formed of urethane foam. A sun gear 7 1is
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attached to the inside of the lower turn table 3 and an
internal gear 8 is attached to the outside of the lower
turn table 3. The upper and lower turn tables 2 and 3,
the sun gear 7, and the internal gear 8 have the same
central axis of rotation and can independently rotate
about the central axis.

[0023]

As depicted in FIG. 3A, a plurality of carriers 5,
eaéh of which are provided with holding holes 6 for
holding wafers W, are cbnfigured to be interposed
between the upper and lower turn tables 2 and 3. Each
of the carriers 5 are thus provided with a plurality of
holding holes 6 to polish a plurality of wafers W every
polishing batch. The carriers 5 engage the sun gear 7
and the internal gear 8 and are configured to rotate
about its own axes and to revolve around the central
axis between the upper and lower turn tables according
to the rotational speed of the sun gear 7 and the
internal gear 8. The wafers W are inserted and held in
the respective holding holes 6 of such carriers 5, and
the upper turn table 2 descends to interpose the wafers
W and the carriers 5 and applies a polishing load to the
wafers. The double-side polishing apparatus is
configured to rotate the upper turn table 2 in one
rotational direction and the lower turn table 3 in the
other rotational direction while supplying a polishing
agent supplied from nozzles 10 into between the upper
and lower turn tables through through-holes 9 provided
in the upper turn table 2, whereby the both surfaces of
the wafers W are polished at the same time.

[0024]
As depicted in FIG. 3A and FIG. 3B, the double-

side polishing apparatus usable in the inventive double-
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side polishing method is provided with a robot 11 for
transporting a wafer automatically (hereinafter, briefly
referred to as a robot) and a thickness measuring
instrument 12 for measuring a finishing thickness of the
polished wafers. The thickness measuring instrument 12
has two displacement sensors 13, which are spaced and
face each other, and is configured to determine the
thickness of a wafer W by using differences in position
measured by each of the displacement sensors when the
wafer W is inserted into the space between the two
displacement sensors. Examples of the displacement
sensor 13 usable herein include a contact displacement
sensor and a non-contact displacement sensor, such as a
capacitive displacement sensor and a laser displacement
sensor. The noncontact type displacement sensor is
preferable in consideration of an influence of wafer
scratches. The double-side polishing apparatus thus
enables in-line measurement of the thickness of a wafer.
[0025]

As depicted in FIG. 4, the double-side polishing
method of the present invention uses such a double-side
polishing apparatus to polish a wafer by two polishing
processes: a first polishing at a high polishing rate
and a second polishing at a low polishing rate. Here,
‘the first polishing is a process, for mainly removing
mechanical distortion and pits caused in a previous
process on wafer surfaces, performed with a higher
polishing load at a higher polishing rate to improve
productivity. The second polishing is a process, for
mainly adjusting the flatness, performed at a lower
polishing rate under polishing conditions appropriately
determined on the basis of the flatness measured 1n a

previous polishing batch. It is to be noted that the
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above-described configuration of the double-side
polishing apparatus used in the present invention is
merely an example and the present invention 1is not
limited this configuration.

(0026]

The double-side polishing method of the present
invention will be more specifically described below with
referenced to FIG. 1.

As depicted in FIG. 1, wafers polished in a
previous polishing batch (FIG. 1 at S1) are collected
from the double-side polishing apparatus by the robot
(FIG. 1 at $S2) and put in a tank. After all the wafers
are collected from the double-side polishing apparatus,
the apparatus takes one of the wafers to be measured out
of the tank with the robot (FIG. 1 at S3), remove
moisture on the wafers with a blower if necessary (FIG.
1 at S4), and measures the finishing thickness and the
flatness (FIG. 1 at S5).

[0027]

The finishing thickness may be measured by the
thickness measuring instrument. At this time, the
number of wafers used for measurement may be one or more
among the wafers polished in a single batch, and an
average value thereof is used for measurement on two or
more wafers. The finishing thickness may be an average
for thicknesses at positions on a lateral line passing
through the center of a wafer.

The measured flatness may include overall flatness
represented by a cross-sectional shape passing through a
center of the wafer and circumferential flatness
represented by a sag shape or a rise shape of an outer
circumference portion of the wafer.

[0028]
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The flatness can be measured by a flatness
measuring instrument. As described below, the flatness
may also be expressed by a numeral value calculated from
measured thicknesses as follows: the thicknesses are
measured by the thickness measuring instrument; and the
flatness is then calculated from the measured
thicknesses. For example, the overall flatness may be a
difference between the maximum value and the minimum
value of the thicknesses measured at multiple positions,
and the circumferential-flatness may be a difference
between a thickness at 3 mm apart from the wafer
periphery and a thickness at 1 mm apart from the wafer

periphery. It is preferable, but not limited, to

calculate the flatness from the wafer thickness obtained
by the in-line measurement to avoid reduction in
productivity, unlike a conventional method involving
measuring the flatness by a flatness measuring
instrument provided separately from the double-side
polishing apparatus.

[0029]

Next, the polishing conditions in the second
polishing in a next polishing batch on the basis of the
measured flatness (FIG. 1 at $S6 and S7). At this time,
if the measured flatness, particularly the
circumferential flatness, 1s good, then the polishing
conditions in the second polishing may be the same as
those in the current polishing batch. The finishing
thickness in the next polishing batch is then determined
on the basis of the measured flatness (FIG. 1 at S$S8).

Next, a total polishing amount needed is
calculated from a difference between a wafer thickness
before polishing and the determined finishing thickness

(FIG. 1 at S9), and a polishing time needed in the first
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polishing is calculated with reference to polishing
rates recorded in the past and set.

Then, polishing of wafers is started under the
polishing conditions determined in such a manner.

[0030] |

Such an inventive double-side polishing method can
effectively improve the flatness on the basis of the
measured flatness in the current polishing batch without
being affected by variations in the carrier thickness
over time because the carrier thickness is not used as a
reference. In addition, use of in-line measurement of
the flatness allows reduction in productivity to be
avoided. 7

The measurement of the flatness including the
overall flatness and the circumferential flatness
enables determination of more specific polishing
conditions of the second polishing on the basis of each
of the measured overall flatness and circumferential
flatness to improve the flatness more effectively.

[0031]

Specific polishing conditions of the second
polishing determined in the above step may include at
least one of a polishing load, a rotational speed of the
carrier, a revolution speed of the carrier, a rotational
speed of the uppér turn table, a rotational speed of the
lower turn tables, and a polishing time.

In such a manner, particularly in the event that
the overall flatness and the circumferential flatness
are measured, both of the overall flatness and the
circumferential flatness can be effectively improved.

Here, the polishing load may be 50 to 300 g/cm?,
the upper and lower turn tables may be 1 to 50 rpm, and

the polishing time may be in the range of 25 minutes or
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less, for example. The rotational speed and revolution
speed of the carrier can be adjusted by the rotational
speed of the upper and lower turn tables, of the sun
gear, and of the internal gear, and the rotational speed
of the sun gear and of the internal gear may be the same
as that of the upper and lower turn tables.

[0032]

More specifically, the polishing conditions is
preferably determined as follows:

If the measured circumferential flatness is a rise
shape, then the polishing load is decreased and the
rotational speed of the upper and lower turn tables and
the rotational speed of and the revolution speed of the
carrier are increased compared with those of the current
polishing batch. Under the decreased polishing load,
the increased rotational speed of the upper and lower
turn tables, and hence the increased revolution speed of
the carrier, a polishing agent readily reaches the
central portion of the wafer. 1In addition, the central
portion of the wafer is heated to a temperature higher
than that of the circumferential portion because of heat
generated by polishing and less cooling effect of the
polishing agent. From these two reasons, mechanical
polishing and chemical polishing are promoted at the
central portion of the wafer compared with at the
circumferential portion, and hence the polishing rate is
higher at the central portion than the circumferential
portion so that the wafer tends to be formed in a
concave shape.

[0033]

Meanwhile, 1f the measured circumferential

flatness is a sag shape, then the polishing load is

increased and the rotationalrspeed of the upper and
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lower turn tables and the rotational speed of and the
revolution speed of the carrier are decreased compared
with those of the current polishing batch. Under such
conditions, the polishing agent, in contrast to the
above conditions, hardly reaches the center portion of
the wafer, and hence the polishing rate is lower at the
central portion than the circumferential portion so that
the wafer tends to be formed in a convex shape.

The polishing conditions are thus determined such
that the wafer tends tovbe formed in a concave or convex
shape, besides the overall flatness is adjusted by
determining a proper finishing flatness so that
combination of these determinations enables both the
overall flatness and the circumferential flatness to be
improved.

[0034]

In an exemplary case where the measured overall
flatness i1is a convex shape and the measured
circumferential flatness is a rise shape, the polishing
load 1s decreased and the rotational speed of the upper
and lower turn tables and the rotational speed of and
the revolution speed of the carrier are increased
compared with those of the current polishing batch so
that the wafer tends to be formed in a coricave shape,
and the finishing thickness is increased so that the
wafer tends to be formed in a convex shape. Under the
determined conditions, both the overall flatness and the
circumferential flatness can be improved. In contrast,
in an exemplary case where the measured overall flatness
is a concave shape and the measured circumferential
flatness is a sag shape, the polishing load 1s increased
and the rotational speed of the upper and lower turn

tables and the rotational speed of and the revolution
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speed of the carrier are decreased compared with those
of the current polishing batch so that the wafer tends
to be formed in a convex shape, and the finishing
thickness is decreased so that the wafer tends to be
formed in a concave shape. Under the determined
conditions, likewise, both the overall flatness and the
circumferential flatness can be improved.

[0035]

It is to be noted that conventional methods, if
the overall flatness is-a convex shape. and the
circumferential flatness is a rise shape, merely
decrease the finishing thickness to improve the convex
shape of the overall flatness. The rise shape of the
circumferential portion is fherefore developed due to
the retainer effect of a carrier, which mitigates
sinking of a wafer into a polishing pad.

[0036]

The present invention, as described above,
determines polishing conditions to shift the
circumferential flatness from the rise and sag shapes to
the concave and convex shapes, respectively, and,
according to this determination, the finishing thickness
to make the overall flatness flat, thereby improving
both the overall and circumferential flatnéss.

If the circumferential flatness is neither the
rise shape nor the sag shape as above, but flat, the
polishing conditions of the second polishing may be the
same as those of the current polishing batch. 1In this
case, the polishing time of the first polishing is
changed to adjust the finishing thickness so that the
overall flatness 1s improved. Specifically, the
polishing time of the first polishing may be determined

in such a manner that 1f the overall flatness 1s the
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concave shape, then the finishing thickness is increased
from that of the current polishing batch, and if the
overall flatness 1is the convex shape, then the finishing
thickness is decreased from that of the current
polishing batch.

[0037]

The polishing time of the second polishing is
preferably determined to be a time required for securing
a polishing amount sufficient for the above shape
adjustment, and may be,.but not limited to, a time
required for securing a polishing amount of 1.5 to 5.0
pm .

EXAMPLE
([0038]

Hereinafter, the present invention will be
described more specifically with an example and a
comparative example of the present invention, but the
present invention is not limited to these examples.
[0039]

(Example)

Wafers were polished with a double-side polishing
apparatus capable of in-line measurement of the flatness
in accordance with the double-side polishing method of
the present invention as shown in FIG. 1, 'and the
flatness was evaluated. The polished wafers were 300~
mm-diameter silicon wafers prepared by slicing a silicon
single crystal ingot produced by the Czochralski (CZ)
method, chamfering the edge of the wafers, and lapping
and polishing the wafers. The double-side polishing
apparatus had urethane foam polishing pads on both sides
of the upper and lower turn tables. The polishing agent
containing colloidal silica grains with a pH of 10.0 to

11.0 was used.
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[0040]

The polishing conditions in the first batch were
determined as follows:

In the first polishing, the polishing load was 250
g/cm?,and the rotational speeds of the upper and lower
turn tables and of the sun and internal gears were
determined such that both the difference between the
revolution speed of the carrier and the rotational speed
of the upper turn table and the difference between the
rotational speed of the-lower turn table and the
revolution speed of the carrier became 20 rpm; The
rotational speed of the carrier was 1 rpm;

In the second polishing, the polishing load was
180 g/cm?,and the rotational speeds of the upper and
lower turn tables and the sun and internal gears were
determined in the same manner as the first polishing;
and

The polishing time of the second polishing was 3.5
minutes, and the polishing time of the first polishing
was determined such that the finishing thickness became
777 pm.

[0041]

The wafers were polished under such polishing
conditions, and the flatness of each of the polished
wafers was measured. As a result, the overall flatness
was a convex shape and the circumferentialrflatness was
a rise shape. Accordingly, the polishing conditions of
the second polishing process in the second batch were
determined as follows:

The polishing load was decreased to 130 g/cm?, and
the rotational speeds of the upper and lower turn tables
and the rotational speed of and the revolution speed of

the carrier were increased such that both the difference
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between the revolution speed of the carrier and the
rotational speed of the upper turn table and the
difference between the rotational speed of the lower
turn table and the revolution speed of the carrier
became 25 rpm; The rotational speed of the carrier was
increased to 4 rpm; The finishing thickness was
increased to 780 um; and the polishing time of the
second polishing was 6 minutes.

The polishing conditions of the first polishing were
determined to be the same as those of the first batch
except that the polishing time was changed such that the"
finishing thickness became 780 pm. The wafers were
polished under such polishing conditions, and the.
flatness of the polished wafers was measured.

[0042]

As a result, both of the overall flatness and the
circumferential flatness were improved to good values.
FIG. 5 shows the result of the flatness, wherein the
flatness in the later-described Comparative Example is
converted to 1. As shown in FIG. 5, the GBIR,
representing the overall flatness, in the Example and
Comparative Example was good, but the SFQOR and ESFOR,
representing the circumferential flatness, in Example
was better than those in Comparative Example.

Moreover, the in-line measurement of the flatness
allowed the polishing to be completed without increase
in processing time and hence decrease 1in productivity.

It was thus confirmed that the double-side
polishing method of the present invention can stably
improve the wafer flatness and also prevent from being
affected by variations in the carrier thickness over
time because the polishing conditions are determined

without using the carrier thickness as a reference.
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[0043]
(Comparative Example)

Silicon single crystal wafers were polished under
the same conditions as those of the first polishing
batch in Example. The flatness of the polished wafer
was measured with a flatness measuring instrument
(Nanometro 300TT manufactured by KURODA Precision
Industries Ltd.) provided separately from the double-
side polishing apparatus, and the overall flatness was a
convex shape and the circumferential flatness was a rise
shape. Accordingly, the finishing thickness of the
wafer in the second polishing batch was determined to be
thinner than the thickness of the carrier to improve the
overall flatness.

As a result, although the overall flatness was
improved, the circumferential flatness became a steeper
rise shape. As depicted in FIG. 5, the circumferential
flatness became considerably worse than that of Example.
[0044]

It is to be noted that the present invention is
not limited to the foregoing embodiment. The embodiment
is just an exemplification, and any examples that have
substantially the same feature and demonstrate the same
functions and effects as those in the technical concept
described in claims of the present invention are
included in the technical scope of the present invention.

[Explanations of Numerals]

[0045]
1: a double-side polishing apparatus,
2: an upper turn table,
3: a lower turn table,
4: a polishing pad,
5: a carrier,'
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6
7
38

9:

10:
11:
12:
13:

a holding hole,

a sun gear,

an

internal gear,

a through-hole,

a

a

a

nozzle,
robot,

thickness measuring

displacement sensor.

23

instrument,



[CLATMS]
[claim 1]

A double-side polishing method including
interposing a wafer held by a carrier between upper and
lower turn tables to which respective polishing pads are
attached, and rotating and revolving the carrier while
supplying a polishing agent to polish both surfaces of
the wafer at the same time, the method comprising the
steps of:

first polishing at a high polishing rate;

second polishing at a low polishing rate;

measuring flatness of the polished wafer; and

determining polishing conditions of the second
polishing in a next polishing batch on a basis of the
measured flatness,

wherein the measured flatness includes overall
flatness represented by a cross-sectional shape passing
through a center of the wafer and circumferential
flatness represented by a sag shape or a rise shape of
an outer circumference portion of the wafer, and

wherein the step of determining the polishing
conditions of the second polishing determines the
polishing conditions such that, if the measured
circumferential flatness is the rise shape, then a
polishing load is decreased and a rotational speed of
the upper and lower turn tables and a rotational speed
of and a revolution speed of the carrier are increased
compared with those of a current polishing batch, and if
the measured circumferential flatness is the sag shape,
then the polishing load is increased and the rotational
speed of the upper and lower turn tables and the
rotational speed of and the revolution speed of the

carrier are decreased compared with those of the current
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polishing batch.
[claim 2]

The double-side polishing method according to
claim 1, wherein,

the step of determining the polishing conditions
of the second polishing determines at least one of a
polishing load, a rotational speed of the carrier, a
revolution speed of the carrier, a rotational speed of
the upper turn table, a rotational speed of the lower
turn tables, and a poliéhing time.
[claim 3]

The double-side polishing method according to
claim 1 or 2, wherein,

if the measured circumferential flatness is the
rise shape, then a polishing timé of the first polishing
is determined such that a finishing thickness becomes
thicker than that of the current polishing batch, and if
the circumferential flatness is the sag shape, then the
polishing time of the first polishing is determined such
that -the finishing thickness becomes thinner than that

of the current polishing batch.
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