(54) [Title of the Invention] DOUBLE-SIDE POLISHING APPARATUS [Detailed Description of the
Invention] [Technical Field] [000]] The present invention relates to a double-side polishing
apparatus, and specifically to a double-side polishing apparatus that can efficiently manufacture a
wafer for a semiconductor having a high flatness. [0002] A conventional wafer manufacturing
method will be explained by an example of a silicon wafer manufacturing method. First, a silicon single
crystal ingot i§ gfown|, Tortd>eanable! bg thenZeotheidki XaUBbE(tBelEZ RadthStl). NBe obtained silicon
single crystal ipgoigs sliged to produce silicon wafers, and thereafter the silicon wafers are subjected
to each of the steps of chamfering, lapping, and etching one after the other. At least a polishing
process is subsequently performed to make a main surface of each wafer a mirror surface. [0003]

In this poliship@gresassdofmae avafer, fomexgmplee aldoubie-sigle] polishing apparatus may be used to
polish both SLLrﬁaecc snclJf Cth? sEilcgp afer. As the double-side polishing apparatus, a so-called
four-way double-side poﬁshing ap%!aratus is normally used which has a planetary gear construction in
which a carridrG8Phblding wafers are arranged between a sun gear provided at a center portion and

an internal gear provifigd ajasseyfer cigwniergntialgotien. [0804] Tiae frw-waydouble-side polishing
apparatus can = . :

pol i shi ng apparatus, and specifically to a double-side

pol i shi ng apparatus that can efficiently manufacture a

wafer for a sem conductor having a high flatness.

[ 0002]

A conventional wafer manufacturing nmethod will be
expl ai ned by an exanple of a silicon wafer manufacturing
met hod. First, a silicon single crystal ingot is grown,
for exanple, by the Czochral ski nmethod (the CZ nethod).
The obtained silicon single crystal ingot is sliced to
produce silicon wafers, and thereafter the silicon
waf ers are subjected to each of the steps of chanfering,
| appi ng, and etching one after the other. At |east a
pol i shing process is subsequently perforned to make a
mai n surface of each wafer a mrror surface.

[ 0003]

In this polishing process of the wafer, for
exanpl e, a doubl e-si de polishing apparatus may be used
to polish both surfaces of the silicon wafer.

As the doubl e-side polishing apparatus, a so-
call ed four-way doubl e-side polishing apparatus is
normal |y used which has a planetary gear construction in
whi ch a carrier for holding wafers are arranged between
a sun gear provided at a center portion and an internal
gear provided at an outer circunferential portion.

[ 0004]
The four-way doubl e-si de polishing apparatus can



simultaneously polish both surfaces of the silicon wafers by inserting the silicon wafers into a plurality
of carriers, in which wafer-holding holes are formed, to hold the wafers, by rotating an upper turn table
and a lower turn table, in which a polishing pad is attached on each of the surfaces facing to the
wafers, in a direction relative to one another with pressing the upper turn table and the lower turn table
against front and back surfaces of each of the wafers, while supplying a polishing slurry from above
the held silicai wafergr@aliby yopoliremhb@tatirgpahdeegolvihgtthe carrigramth the sun gear and the
internal gear. [APQRls by HAWeRYEr whenre abpyedlesqrbed dopRlesside poljshing gpparatus is

used to polish, the polishing rate of the wafer varies every polishing due to deterioration of a polishing
jig material st &8fHd F6IRshind'p4@'amB e TafrdioWh RO SR NHEIs B fhed! Br a
predeterminedqlalishing tivae cthere blisedadrolplgmasucipphat thioknessesiaf thagohshed wafers are
different reschtiverIy pldtlf,‘ foa cgfferent olishing rate, ol Sm view of&hilssthaetr IS Hiéc,glosed a

double-side pO?IS ing apparat%s that p')o ishes whifd r‘%eaéurlngnﬁwept%mkness of fhe Wafer during

polishing. [0008] eac FF@fexdmpleunitacls pbishing appatdtas Wadtgidgtishes while measuring the
thickness of g s¢maigongHctos wafer duking BRESHIRG LY ISING /R og);igglsrpﬂgct{q{binterferometry like
te,

inventions described in Patent Document | and Patent Document 2, the flatness of the polishing
surface can H&PR&He higH MaRloterHEcbREing WBie IVERHSRBE PaBdRi DU &R for example,
with light havimgd bgltkrananittable wavelaogthahraugh thefwater, theithickeappran bg measured
with forming focus b ving & measurting. light flux al thickness direction from. a front surface of
the semicond%cﬁ)%glvgagfgﬁrjpoga a%f@ﬁrfg%%éﬁgrt%éyiogg%%gi iqv{/i\}e&rfgﬁn |s¥ gr%’escribed in Patent
Document 1, 8iéeliie foagisriohed alaigihentickness avigl edgydotdeelrglaentéd by vibration of

the wafer durigg; theipadisbing, ged @ difaranss Befveena mgagpred value and an actual thickness of
the wafer therefore becomes large. It is also easy to be Influenced by light attenuation depending on a

distance fronl Qﬁgﬁﬂect to be measured, and a distance between a point where the focus is formed
and a point where thedbiglketisinputtend oltpubbeeds tiebe Bippeakintatdd. dheirelés therefore a problem

of contaminaté%rr ?@ﬂid%?%iéfﬁw g}iﬁtsdqestoutg -"anﬁ?,ﬁ:@g :»?(Ijgrﬁy apH ethg g)if(? é'rhla ssage of the light.

Moreover, a frequency g the measuring light designated area on a polishing surface in
the measuring digRt Béedd® balfiredsdd 86riBy &/ poIXHiRd iMerddy o Mprove the precision of the

measurement & ephfoeak meask suchpas PatsmdPgcuimerttkels, Apweyeh inferipn i responsivity, and
ithas a fault Sf)uoclhl tgﬁlt fqhge fFr)% ueanncg ?fﬁgkiggrirr]iiselro.wl'.%\v?gﬁ]t he polishing is
performed for a predeterm ned polishing time, there
arises a problem such that thicknesses of the polished
waf ers are different respectively due to a different
pol i shing rate.
In view of this, there is disclosed a doubl e-side
pol i shing apparatus that polishes while neasuring the
t hi ckness of the wafer during polishing.
[ 0006]
For example, with the polishing apparatus that
pol i shes while neasuring the thickness of a
sem conductor wafer during polishing by using an optical
reflection interferonetry like inventions described in
Pat ent Docunment 1 and Patent Docunent 2, the flatness of
the polishing surface can be made hi gh.
Mor eover, according to the invention of Patent



[Patent Document ]] Japanese Unexamined Patent publication (Kokai) N0.2002-59364 [Patent
Document 2] Japanese Unexamined Patent publication (Kokai) No.H7-4921 [Disclosure of the
Invention] [The Problem to be solved by the Invention] [0009] The present invention was
accomplished in view of the above-explained problems, and its object is to provide a double-side
polishing apparatus that can polish the wafer while measuring the thickness of the wafer with high
precision witHoue beint influéncedlyn sirheaswehtertiegivr asaeprasentéd birtvibration of the wafer

during polishipgawstn]etqo&jgleésmliéhﬁ}%aﬁqﬁraﬂ%thpﬁgaq\,gpg$r] whije measuring the thickness

of the wafer. [Means to solve the Problems] [00]0] To achieve this object, the present invention
provides a doubleKiReSsoliSAh e PRI iREIutiHg af 1I8ASE BdolBF Hin RADIBHEVMY & flat
polishing-uppersistadergtatiagially drivenagim igpar twin éavle hwving a dlat pelishirgrlewer-surface
rotationally drij\fen the upper turra ftal%lﬁebein arraH%%% tvv(i)trh f\%gipgrtottge lower tlyrn table; and a carrier

having a Wafer-r?o%insg%olg?oer holding a wa er?ﬁwe apparatus comprisma abglﬁrality of openings

provided betvgedrf a¢etatibarcedter and an edge of the upper turn table or the lower turn table, and a
Wafer-thicknelsgtmq suring mechanism for measuring a thickness of the wafer through the plurality of
openings during polishing in real time, the apparatus wherein the wafer-thickness-measuring

mechanism is fixed t6'aWRE8 end Exddlt h&Uppaeafh tANE drid tRRUGRET PR YABRBLof the
double-side pojiskingappanatusol®Pd 1] s f olnrtbis miBongr, witern thiecueadisy of operings for

measuring th% % ic'kre%sso%f tlhﬁfvyafgﬁgreedp_{)oviq/eldogtaﬁhle ppE tltjrﬁeta&,!aef %rrthgulp\llv% turn table in the
double-side po |sl¥|ng apparatus that can smYuItaneoust pollseﬁr

t he polishing, and a difference between a neasured val ue

and an actual thickness of the wafer therefore becones

large. It is also easy to be influenced by |ight

attenuati on dependi ng on a distance from an object to be

neasured, and a di stance between a point where the focus

is formed and a point where the light is input and

out put needs to be approximted. There is therefore a

probl em of contam nati on and damage by m st due to the

polishing slurry and the like in a passage of the |ight.
Mor eover, a frequency of taking the measuring

light froma designated area on a polishing surface in

the nmeasuring |ight needs to be increased during the

polishing in order to inprove the precision of the

measurenment. A confocal method such as Patent Docunent

1 is, however, inferior in responsivity, and it has a

fault such that the frequency of taking in is |ow.

[ 0008]

[ Patent Docunent 1] Japanese Unexam ned Pat ent

publication (Kokai) No.2002-59364

[ Patent Docunent 2] Japanese Unexam ned Pat ent

publicati on (Kokai) No.H7-4921

[Di scl osure of the Invention]

[ The Problemto be solved by the Invention]



both surfaces of the wafer, a frequency of the measurement of the thickness can be increased, and
the precision of the measurement can be thereby improved. In particular, in a batch-wise polishing
apparatus that simultaneously polishes a plurality of wafers, the thicknesses of the wafers can be
simultaneously measured through the plurality of openings, and it can particularly contribute to the
improvement in the precision of the measurement. In addition, when the
wafer-thicknels8#08asuring mechanism is fixed to a portion except the upper turn table and the lower

turn table that are eagjiyinfugaced by yirrafion duriag Polishig therbiskngss ok ihgpater can be

measured without being influenced by the vibration and the like, and the precision of the measurement

of the thicknesE €aRRVnsoeal N€d 1H8HYE Me aBBFe-UEScAM PEfeltStHelthickness of the wafer
can be accuratebysern i el bine-adlrig polishing, mydapp daables sidegpolishing apparatus can
therefore readly pragess the yekness,af he polisned walstino a larget hicknesz, (0012

Moreover, the wafer-thickness-measuring mechanism gre erably has an apparatus of a
wavelength-vagibeleintidrbd hager Haverg) ailight watdraktabenagelienttiigneegh the wafer. In

this manner, whga {he ARRATALKS 6f aavalenatbaariahlasipfiared lases haying a doht transmittable

wavelength through the wafer is used as the wafer-thickness-measuring mechanism, the reflection
spectrum on WRf &b bitHe RRUES H Sfatloh SRRV & f fEhtRElId&BE Hdm a front surface
and a back suapace aft the wafer) ecambe evakiatedhidns theatucknegstdiéhe mat&mnesbe thereby

measured Witgfhiglﬂgr%%ggp_during polishing. [00]3]
[ Means to sol ve the Probl ens]
[ 0010]

To achieve this object, the present invention
provi des a doubl e-si de polishing apparatus including at
least: a lower turn table having a flat polishing-upper-
surface rotationally driven; an upper turn table having
a flat polishing-lower-surface rotationally driven, the
upper turn table being arranged with facing to the | ower
turn table; and a carrier having a wafer-hol ding hol e
for holding a wafer, the apparatus conprising a
plurality of openings provided between a rotation center
and an edge of the upper turn table or the [ower turn
tabl e, and a wafer-thickness-neasuring nechani smfor
measuring a thickness of the wafer through the plurality
of openings during polishing in real tinme, the apparatus
wherein the wafer-thickness-neasuring nechanismis fixed
to a fixed end except the upper turn table and the | ower
turn tabl e of the doubl e-side polishing apparatus.

[0011]

In this manner, when the plurality of openings for
measuring the thickness of the wafer are provided at the
upper turn table or the lower turn table in the doubl e-
si de polishing apparatus that can simultaneously polish



Moreover, the wavelength of the laser is preferably 1575 to 1775 nm. In this manner, when the
infrared laser having a wavelength of 1575 to 1775 nm and a high speed, for example, for
communication application is used as a laser for the measurement, temporal resolution can be
increased, and the thickness of the wafer can be evaluated with higher precision during polishing.
[00]4] Moreover, the wafer-thickness-measuring mechanism preferably measures a bulk
thickness of thetwafeur f ac &sthid nidrmenavben tiee bukahipkogso bf theewafer is measured, an

actual thicknegs of fhe Yia{er 6N PRAUAGRERWAAG PRUSNIRG. anitinebiskness gf fligpolished wafer

can be thereby made closer to a target thickness. [00]5] Moreover, the plurality of openings are
preferably praVi§&d WitAth&in &4 RalfRSEa R A p&fthel§ of IR Gier (TR RARE- In this
manner, when the ahuralitiicdopenings aretsavided avigothesmeagalppracad she thickness of the
wafer can be Src|aadi|ytrgﬁg%lﬂlrseld, ang tp% ﬁggsrgn can lLeI iler%l?y R%#forrr%ed W?:Q high precision. In
addition, when tﬂgy are prowdé/d A ghe periphery, theIhickdesses 6t all of the held wafers can be
measured duting plisisiag sfodfexthlavakiet thectourpeaysdoudié g0 pslishing appaedus without a

bad Influence; ¢n thgyROHSNING, \WYhanithsy e Bravideryat thgdwpner tpfable, the leak of the

polishing slurry through the openings_can be suppressed, and the maintenance of the turn tables
thereby becoRstddsy! fH AYdiEBALA FHBKOF alrRe Ad\FildBrodY&i® thé thitkifess of the wafer can be

suppressed. [90¢a]i si on of the neasurenent.

In addition, when the wafer-thickness-nmeasuring
mechanismis fixed to a portion except the upper turn
table and the | ower turn table that are easily
i nfl uenced by vibration during polishing, the thickness
of the wafer can be measured w thout being influenced by
the vibration and the like, and the precision of the
nmeasur ement of the thickness can be inproved.

Thr ough the above-described effect, the thickness
of the wafer can be accurately seen in real tinme during
pol i shing, and the doubl e-side polishing apparatus can
therefore readily process the thickness of the polished
wafer into a target thickness.

[0012]

Mor eover, the wafer-thickness-nmeasuring mechani sm
preferably has an apparatus of a wavel ength-vari abl e-
infrared | aser having a light transm ttable wavel ength
t hrough t he wafer.

In this manner, when the apparatus of a
wavel engt h-vari abl e-infrared | aser having a |ight
transm ttabl e wavel ength through the wafer is used as
t he wafer-thi ckness-nmeasuring mechani sm the reflection
spectrumon the surface of the wafer (a situation of
interference of light reflected froma front surface and
a back surface of the wafer) can be eval uated, and the



Moreover, the fixed end to which the waferthickness-measuring mechanism is preferably fixed is a
housing of the double-side polishing apparatus. In this manner, when the
wafer-thickness-measuring mechanism is fixed at the housing of the double-side polishing apparatus,
the wafer-thickness-measuring mechanism can be protected from vibration and stain and also the
thickness of the wafer can be measured with high precision through the plurality of openings. An
Influence of roidecéanebe tioérebeedatead, arantheahickaesdpf theasafee dawiBehmizaghred with

higher precisiapéwrg}goqplﬁgm% éEf‘g%qtg]s[}Qpl:lra]_ As explained above, the present invention

provides the double-side polishing apparatus polishing while measuring the thickness of the wafer, the
apparatus whidPdeHd perform polishing while measuring the thickness of the wafer with high precision

without being influenggd by vaneashemenicreigshrepresanded dydhe ivipration of the wafer during
polishing. [Best Mode fg[ Caigl%g Put Tr?%%\’%rr'rtl'on] [00]8] Hereinafter, the present invention will

; rerecra . . O :
be explained b Gt With referehceto rawings. However, the present invention is not restricted

thereto. As shown in IRIGt hj hendouigé-sidehpdlishirey apparatesl10 ageordiiy iotheapresent invention
includes wavel ength of 1575 to 1775 nm and a high speed, for

exanpl e, for communication application is used as a

| aser for the nmeasurenent, tenporal resolution can be
i ncreased, and the thickness of the wafer can be
evaluated w th higher precision during polishing.

[ 0014]

Mor eover, the wafer-thickness-nmeasuring mechani sm
preferably neasures a bul k thickness of the wafer.

In this manner, when the bul k thickness of the
waf er is neasured, an actual thickness of the wafer can
be judged during polishing, and the thickness of the
pol i shed wafer can be thereby made closer to a target
t hi ckness.

[ 0015]

Mor eover, the plurality of openings are preferably
provided with them equally spaced at a periphery of the
upper turn table.

In this manner, when the plurality of openings are
provided with them equally spaced, the thickness of the
waf er can be readily measured, and the polishing can be
t hereby performed with high precision. In addition
when they are provided at the periphery, the thicknesses
of all of the held wafers can be neasured during
pol i shing, for exanple, with the four-way doubl e-side
pol i shi ng apparatus w thout a bad influence on the
polishing. When they are provided at the upper turn
table, the | eak of the polishing slurry through the



the lower turn table 12 having the flat polishing-uppersurface 12a rotationally driven; the upper turn
table 11 having the flat polishing-lower-surface 11a rotationally driven, the upper turn table being
arranged with facing to the lower turn table 12; and the carrier 13 having the wafer-holding hole for
holding the wafer W, in order to hold the wafer W, and also includes the waferthickness-measuring
mechanism 16 for measuring the thickness of the wafer W during polishing. The plurality of
openings 14 fop emeaxgsingahe bieickngsy esthedvafandutihg potishinhg ramcice pofisHihgslurry-supply

mechanism 15375 Rrayded at Revide Of Bis WRRR! s jable L. [Pt i on, ThE 1 sk

wafer-thickness-measuring mechanism 16 may have, for example, at least an optical unit 16a for
radiating laseP to the At WNe ghotd HeMBcRSr 181 1dr ietdctrrSthelladdiGenBtt 3 the wafer W,
a laser sourceeing iHer 88d @dcalculation/control unit 16d for calculating the thickness of the wafer
from the detesf?gl(ljg er. [0020] As described above, when the wafer-thicknessmeasuring
mechanism is fixed to a portion (a fixed end) except the upper turn table and the lower turn table that
are easily Influenced Myngionegion durgf polistlings) thttsduding bnivdeessahedata, such as noise, into

the measureq yav ARk canBe NieYeYCreERG ATRHFIPY 9 ke Breasiyed paigican bg thereby

remarkably Improved in comparison with a conventional apparatus, and the thickness of the wafer can
be thus accurd®l§ inidared orBR SRbA the Bluraity M9 oRBRMGRYP measuring the thickness of

the wafer are providgdmatithes manner, when the wafer-thi ckness-measuring
nmechanismis fixed at the housing of the double-side
pol i shing apparatus, the wafer-thickness-neasuring
mechani sm can be protected fromvibration and stain and
al so the thickness of the wafer can be nmeasured with
hi gh precision through the plurality of openings. An
i nfluence of noise can be thereby reduced, and the
t hi ckness of the wafer can be neasured wi th higher
preci si on during polishing.
[ Ef fects]
[0017]

As expl ai ned above, the present invention provides
t he doubl e-si de polishing apparatus polishing while
measuring the thickness of the wafer, the apparatus
whi ch can perform polishing while neasuring the
t hi ckness of the wafer with high precision wthout being
i nfluenced by a neasurenent error as represented by the
vi bration of the wafer during polishing.

[ Best Mbde for Carrying out the Invention]
[ 0018]

Herei nafter, the present invention will be
explained in detail with reference to the draw ngs.
However, the present invention is not restricted thereto.

As shown in FIG 1, the doubl e-side polishing
apparatus 10 according to the present invention includes



upper turn table or the lower turn table, the frequency of the measurement of the thickness can be
increased. In particular, this is preferable for the case of simultaneously polishing a plurality of wafers
in a batch-wise manner, and the precision of the measurement can be thereby improved.

Through these effects, the thickness of the wafer can be precisely seen during polishing in comparison
with a conventional apparatus, and the double-side polishing apparatus can therefore readily make the
thickness of the@olished wiaférclosdtea targeathiokndsse [J023t polHerei the fixgreend to which the

wafer-thickneggREAELIn9 ACHARISTD AR F P16 098 be VRQUSAG L8 8 g dayiplesside polishing

apparatus. As described above, when the wafer-thicknessmeasuring mechanism is fixed to the
housing of th&@bLBR-iBE JolighingUdpitaile; IRWRAeP HhiRAEsSMEad Ry mRBRAA¥M can be
protected fromnvilwation wing sigipe M hisuallowsathiees upgiregsian 04 dgteddederinratigsi aird of introducing
noise into the me?ﬁure data of then tqi%l%qeessldé{rin rpopl'&sn#ngc. The. thirckggs% o{/ the wafer can be

e

therefore meésour Wi hor\{\@heF Hrre(:lsmn during polishing. mz%; beé Bf cotirsetixedo the fixed end of,

for example, theecellirieoft Abbdsegbitahis Hay a kiidadivaatdgeewitategardtoimaidteteince, vibration
of the apparatys 8 the bke. J3922] w  Mrreqrelh the, walefslbigknesspeasuring mechanism 16

can measure a bulk thickness of the wafer. When the thickness of the wafer measured with the
wafer-thicknesBIniEA& R g HBEHANSH RRREFNEM 16 for neasuring the

t hi ckness of the wafer Wduring polishing.

The plurality of openings 14 for measuring the
t hi ckness of the wafer during polishing and a polishing-
slurry-supply mechanism 15 are provided at a side of the
upper turn table 11
[ 0019]

The wafer-thickness-nmeasuring mechani sm 16 may
have, for exanple, at |east an optical unit 16a for
radiating |laser to the wafer W a photo detector 16b for
detecting the |l aser reflected fromthe wafer W a | aser
source unit 16c, and a calculation/control unit 16d for
cal cul ating the thickness of the wafer fromthe detected
| aser.

[ 0020]

As descri bed above, when the wafer-thickness-
measuring mechanismis fixed to a portion (a fixed end)
except the upper turn table and the |lower turn table
that are easily influenced by vibration during polishing,
i ntroduci ng unnecessary data, such as noise, into the
nmeasured raw data can be prevented. The precision of
t he neasured data can be thereby remarkably inproved in
conparison with a conventional apparatus, and the
t hi ckness of the wafer can be thus accurately nmeasured.

Mor eover, when the plurality of openings for
measuring the thickness of the wafer are provided at the



thickness, an actual thickness of the wafer during polishing is measured, and the thickness of the
polished wafer can be therefore made closer to a target thickness. It can be of course the thickness of
a SOl layer of a SOI wafer. [0023] Moreover, the wafer-thickness-measuring mechanism 16 can
have the apparatus of the wavelength-variableinfrared laser having a light transmittable wavelength
through the wafer. As described above, when the apparatus of a wavelength-variable-infrared
laser having & figietrtransmittable wavelehfth theowgh the waferlid ased bs the equency

wafer-thicknesg-peasyringmechaRisy A SatioR; Gk analyreddniwhish foplsurface reflecting

light reflected from the front surface of the wafer and back-surface reflecting#?ht reflected from the

back surface bP tHRAWaieTUbES of thBliSpitiadéb&herlfef, Ure IMEITEASE THe thickness of the wafer
can be therely exalvateddlising palishity wigh precisionlaftap etdenaf magnitude of a few nanometers
to some dozep fpigfometarsi I adgitipn 1odhis, when e apparats ol 6, ooy
Wavelength-varlalgle-i%raredﬁ'%ser IS used, a greaP dffference of the thickness of the Wafer to be
polished can bamaesaddiEby eliahgingamMe dvavelength of the laser to be input, and a light source itself

does not need to be ghangash TheLast eap e thusraduced. JRAZASThS wanelepgihef the laser can
be 1575 to 1775 nm. As described above, when the laser having a wavelength of 1575 to 1775

nm is used, &CREtrBEs@FtheS&lehgts B tHiH RStk 8N \VHIch 5 CATRY by fHe absorption of a
part of the medsuhing lasenisint thenaihfeappdrthe ypolishing siurey, e syppressed, and the

thickness of the,Walgf ¢an REIFARUEI UK PRERIPEPOY eadi 1y make the
t hi ckness of the polished wafer close to a target
t hi ckness.
[ 0021]

Here, the fixed end to which the wafer-thickness-
measuri ng mechanism 16 is fixed can be the housing 18 of
t he doubl e-si de polishing apparatus.

As descri bed above, when the wafer-thickness-
measuring mechanismis fixed to the housing of the
doubl e-si de polishing apparatus, the wafer-thickness-
measuri ng mechani sm can be protected fromvi bration and
stain. This allows the suppression of data
deterioration and of introducing noise into the neasured
data of the thickness during polishing. The thickness
of the wafer can be therefore neasured w th higher
preci sion during polishing. It may be of course fixed
to the fixed end of, for exanple, the ceiling of a house,
but this has a disadvantage with regard to maintenance,
vi bration of the apparatus and the |iKke.

[ 0022]

Mor eover, the wafer-thickness-nmeasuring mechani sm
16 can neasure a bul k thickness of the wafer.

VWhen the thickness of the wafer neasured with the

waf er -t hi ckness- measuri ng mechanismis the bul k



[0025] The plurality of openings 14 can be provided with them equally spaced at the periphery of
the upper turn table 11. As described above, when the plurality of openings are provided with
them equally spaced at the upper turn table, the leak of the polishing slurry through each of the
plurality of openings for the measurement can be suppressed, and the maintenance of the turn tables
thereby readily carried out. In addition, a risk of a measuring problem of the thickness of the wafer can
be suppresseidniFok erampledin dod frlr-wdy dinislessidé pblishingbpparhtus ngis advantageous to

measure the figknassqg of all walers iP261ng + Hethersaseelchaning,at Isapi apegf a polishing

load, a rotation speed of the upper turn table 11, a rotation speed of the lower turn table 12 during
polishing, the Wi t&@dNabR 118A819& FoWBAE 17 1 2 t@ndhe GoR31IelyFiReEFHfhg a polishing
control unit 17 asdbustdedin thaudewblerside ppkshieg apparadusdD. The @t lastst ane of a polishing
load, a rotatiog(ipeedf of the upper turn table 11, a rotation speed of the lower turn table 12 can be

war ey . ) . . )
thereby changed. PAccordlneg, an appropriate response can be made against the changes in
polishing conti®i@A8]due to the deterioration of the polishing jig material such as the polishing pad and

the carrier, the changgs, whigh are praved ram the mraswedhicknessgf thecwaler dyring polishing of

the wafer. The wafer having a very high flatness on the surface after polishing can be thereby stably
obtained. [003] can Hauhdia ABRAARE PBlisHing HeethBY SlcBBfiNg YR AR e8ent invention by
using the abavefdeacetiet sloeibleraidierplishinggparatusswill ticadt plaineden eletaih However, the

present inventign i t % our stricted thereto. [0028] First, the wafer W to be polished is set
to the carriernEl&r éﬁpaﬁrail)i y%ofv}r%ﬁévgafers W can be set this time.
As descri bed above, when the apparatus of a

wavel engt h-vari abl e-infrared | aser having a |ight
transm ttabl e wavel ength through the wafer is used as
t he wafer-thi ckness-nmeasuring mechanism a situation can
be anal yzed, in which front-surface reflecting Iight
reflected fromthe front surface of the wafer and back-
surface reflecting light reflected fromthe back surface
of the wafer, out of the input |laser to the wafer, are
interfered. The thickness of the wafer can be thereby
eval uated during polishing with precision of an order of
magni t ude of a few nanoneters to sone dozen microneters.
In addition to this, when the apparatus of the

wavel engt h-vari able-infrared | aser is used, a great
di fference of the thickness of the wafer to be polished
can be managed by changing the wavel ength of the |aser
to be input, and a light source itself does not need to
be changed. The cost can be thus reduced.
[ 0024]

The wavel ength of the | aser can be 1575 to 1775 nm

As descri bed above, when the laser having a
wavel ength of 1575 to 1775 nmis used, a decrease in the
strength of the reflected laser, which is caused by the
absorption of a part of the nmeasuring |aser into the
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The wafer W is held with the polishing-lowersurface 11a of the upper turn table 11,
polishing-uppersurface 12a of the lower turn table 12, and the carrier 13, and the polishing is started
while supplying the polishing slurry by a polishing-slurry-supply mechanism 15 and rotating the upper
turn table 11 and the lower turn table 12 in a horizontal plane. [0029] In this case, the polishing is
performed while measuring the thickness of the wafer W by a waferthickness-measuring mechanism,
which is fixedwafthe fixed endleatodiffere mgposition fyomabat dethewppee ssedabRNtl or the lower

turn table 12,ttﬂlg)u[g}l]1i t@grpélérgli% ofth@qj\%g%;m (péq]vig%d %%ywrﬁmtq{ql% gl or the lower turn
table 12. [0030] By the polishing method using the above-described double-side polishing

apparatus, thB'se&teSf@polishing surface of a wafer can be seen without stopping the polishing and,
for example, theathgikness of the wafer during the polishing can be seen at any time. Whether the
thickness reaches to g target thickness of the water can pge thereby judged.while performing the
polishing. That is, whe ee&iigctﬁtkggssoﬁea%ﬂgg'tg %Starfg);{t?ﬁgk?ésso ffo tWeCqu(\?éieWcéﬁ be judged
without stoppirftetimegsplighing, apdakd tinde tdtpiineerfoptiry polzshindeanpe&jonketently reduced.
In addition to these, since the wafer can be polished into a target thickness without predetermining the

polishing time, the excess or deficiency of the polishing does not occur, and the deterioration of the
flatness can be supp@sge.sc” bed above, when the plurality of openings

are provided with them equally spaced at the upper turn
table, the leak of the polishing slurry through each of
the plurality of openings for the neasurenment can be
suppressed, and the nmai ntenance of the turn tables
thereby readily carried out. 1In addition, a risk of a
nmeasuring problemof the thickness of the wafer can be
suppressed. For exanple, in the four-way doubl e-side
pol i shing apparatus, it is advantageous to nmeasure the
t hi cknesses of all wafers.

[ 0026]

In the case of changing at | east one of a
polishing |oad, a rotation speed of the upper turn table
11, a rotation speed of the lower turn table 12 during
pol i shing, the upper turn table 11 and the | ower turn
table 12 can be controlled by installing a polishing
control unit 17 as illustrated in the doubl e-side
pol i shing apparatus 10. The at |east one of a polishing
| oad, a rotation speed of the upper turn table 11, a
rotation speed of the lower turn table 12 can be thereby
changed.

Accordi ngly, an appropriate response can be made
agai nst the changes in polishing conditions due to the
deterioration of the polishing jig material such as the
polishing pad and the carrier, the changes which are
proved fromthe neasured thickness of the wafer during

11



[Example] [003]] Hereinafter, the present invention will be explained in more detail based on
Examples and Comparative Examples, but the present invention is not restricted thereto. (Example)
The double-side polishing apparatus as shown in FIG. 1 was used to polish the wafers in a batch-wise
manner (15 wafers in one batch). In this case, the target thickness of each of the polished wafers was
777 Pm- As the wafer to be polished, there were prepared 600 silicon single wafers having a
diameter of 300 Inharthp-efypelshtaimedrby slidieg wWaitlen Wisey sa@, anvegot growh by the CZ

method. The yialfrauieqitisgied ip PRGN IRRINISHISIUNE. T Repitsywaler means a

p-type wafer havin amrfl?i[%lh resistivity. There was prepared the wafer-thickness-measuring
mechanism p?é\ﬂg o ttﬁb’lﬁﬁical unit using the apparatus of a wavelength-variable-infrared laser,
the apparatug whirh can tune the wavelength of the laser to 1575 to 1775 nm. With this

wafer-thlckness-meaﬂ.érrln magchgnlsng,hsoo W\éviafers of 600 wafers th% Hog%hceéjr\gplle measuring the

thickness of the wafer, an ﬂ1e tthlcrkness %f each of ﬂ% bgﬁls!hré% Vr\;g ers was evaluat(relg by AFS (a
capacitance fladnésenmpaeseing appecdttis emadyy otADEIC. [)e[CO32Y eC deparathedExample)

doubl e-si de polishing apparatus will be explained in
detail. However, the present invention is not of course
restricted thereto.

[ 0028]

First, the wafer Wto be polished is set to the
carrier 13. A plurality of the wafers Wcan be set this
tinme.

The wafer Wis held with the polishing-Iower-
surface 1la of the upper turn table 11, polishing-upper-
surface 12a of the lower turn table 12, and the carrier
13, and the polishing is started while supplying the
polishing slurry by a polishing-slurry-supply mechani sm
15 and rotating the upper turn table 11 and the | ower
turn table 12 in a horizontal plane.

[ 0029]

In this case, the polishing is performed while
measuring the thickness of the wafer Wby a wafer-

t hi ckness-nmeasuring nmechanism which is fixed to the
fixed end at a different position fromthat of the upper
turn table 11 or the lower turn table 12, through the
plurality of openings 14 provided at the upper turn
table 11 or the lower turn table 12.

[ 0030]

By the polishing nethod using the above-descri bed
doubl e-si de polishing apparatus, the state of a
polishing surface of a wafer can be seen w thout

st oppi ng the polishing and, for exanple, the thickness

12



The same double-side polishing apparatus as Example was used to polish the other 300 wafers. In
Comparative Example 3, however, the polishing was performed without operation of the
wafer-thicknessmeasuring mechanism. The polishing time was determined in advance. [0033]

FIG. 2 shows a relative frequency and a cumulative relative frequency of the thicknesses after the
polishing of 300 wafers polished with the double-side polishing apparatus of Example and
Comparative &xahipge waf ent wes iregedld¢ thet| inséradigofcthe \Wafess polistiedanith the double-side

polishing appaatds of \xanpRie, theevariatiop nf &b average finjshing g@qlﬁ’@[ss after the polishing was

small in comparison with each of the wafers of Comparative Example and decreased by approximately

50%. It was aidy RaRY Pht tepMRison bREtPBatd'8EGRYoh BFBEdpM b 1IBss was able to be
achieved accpeting irihegdeuideside palistung apparatus of xanise. [0A84] As shown in FIG.

3, In each of the, wafers Rolihied with fie doyblesside PRIIURG SPPFatR O ApaIPIe Ahe
be judged wi thout stopping the polishing, and the tinme
required for the polishing can be consequently reduced.

In addition to these, since the wafer can be
polished into a target thickness w thout predeterm ning
the polishing time, the excess or deficiency of the
pol i shi ng does not occur, and the deterioration of the
fl atness can be suppressed.

[ Exanpl €]
[ 0031]

Herei nafter, the present invention will be
explained in nore detail based on Exanpl es and
Conpar ati ve Exanpl es, but the present invention is not
restricted thereto.

( Exanpl e)

The doubl e-si de polishing apparatus as shown in
FIG 1 was used to polish the wafers in a batch-wi se
manner (15 wafers in one batch). In this case, the
target thickness of each of the polished wafers was 777
um

As the wafer to be polished, there were prepared
600 silicon single wafers having a dianeter of 300 mm
and p—-type obtained by slicing, with a wire saw, an
i ngot grown by the CZ method. The wafers were subjected
to chanfering, |apping, and etching. This p~-type wafer
means a p-type wafer having a high resistivity.

There was prepared the wafer-thickness-neasuring
mechani sm provided with the optical unit using the
apparatus of a wavel ength-variable-infrared |aser, the
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thickness of each of the polished wafers was stable. On the other hand, each of the wafers of
Comparative Example had a large variation and was unstable. [0035] It is to be noted that the
present invention is not restricted 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 theppehritalssodpecdf tha présurd ihventioay (B eefdEipladatiomeof tagédraivings] [0036]

[FIG. 1]FIG. 1yisachemafis ey showipgian sramilgral the dopplesside polishinggpparatus according

to the present invention. [FIG. 2]FIG. 2 is a graph showing a relative frequency and a cumulative

relative frequER&NEMNethicRAEs Y& &fidr HAIishY YR3ET Rar&sHonshéd s tBiddRible-side
polishing appataiysin kyantpée and kareparagve hxample el |GadlFIGn 8 is lai grapbsshiowing the

variation of the,thckngsses aifer pafishine.gf Wafere 2olisiecL i e S9uBl-sifs pplshing apparatus
in Example and Comparative Example.

capaci tance fl atness-neasuri ng apparatus nmade of ADE

co.,).

[ 0032]

(Conpar ati ve Exanpl e)

The sane doubl e-si de polishing apparatus as
Exanmpl e was used to polish the other 300 wafers. In
Conpar ati ve Exanple 3, however, the polishing was
performed w t hout operation of the wafer-thickness-
measuri ng mechanism The polishing tine was determ ned
i n advance.

[ 0033]

FIG 2 shows a relative frequency and a cunul ative
relative frequency of the thicknesses after the
pol i shing of 300 wafers polished with the doubl e-side
pol i shi ng apparatus of Exanple and Conparative Exanpl e.

It was revealed that, in each of the wafers
polished with the doubl e-side polishing apparatus of
Exanpl e, the variation of an average finishing thickness
after the polishing was small in conparison with each of
the wafers of Conparative Exanple and decreased by
approxi mately 50%

It was al so reveal ed that the precision of
standard deviation of 0.1 umor |less was able to be
achi eved according to the doubl e-side polishing
appar at us of Exanpl e.

[ 0034]

As shown in FIG 3, in each of the wafers polished

with the doubl e-side polishing apparatus of Exanple, the
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[Explanations of Letters and Numerals] [0037] 10 ... double-side polishing apparatus 11 ... upper turn
table 11a ... flat polishing-lower-surface 12 ... lower turn table 12a ... flat polishing-upper-surface 13 ...
carrier 14 ... plurality of openings 15 ... polishing-slurry-supply mechanism

t hi ckness of each of the polished wafers was stable. On
t he ot her hand, each of the wafers of Conparative
Exanpl e had a | arge variation and was unstabl e.
[ 0035]

It is to be noted that the present invention is
not restricted to the foregoing enbodi ment. The
enbodi nent is just an exenplification, and any exanples
t hat have substantially the same feature and denonstrate
t he same functions and effects as those in the technical
concept described in claims of the present invention are
i ncluded in the technical scope of the present invention.
[Brief Explanation of the Draw ngs]
[ 0036]
[FIG 1] FIG 1 is schematic view showi ng an exanple
of the doubl e-si de polishing apparatus according to the
present invention.
[FIG 2] FIG 2 is a graph showing a relative
frequency and a cumul ative relative frequency of the
t hi cknesses after polishing of 300 wafers polished with
t he doubl e-si de polishing apparatus in Exanple and
Conpar ati ve Exanpl e.
[FIG 3] FIG 3 is a graph showi ng the variation of
t he thicknesses after polishing of wafers polished with
t he doubl e-si de polishing apparatus in Exanple and
Conpar ati ve Exanpl e.
[ Expl anations of Letters and Nuneral s]
[ 0037]

10 ... doubl e-si de polishing apparatus

11 ... upper turn table

11a ... flat polishing-Iower-surface

15



16 ... wafer-thickness-measuring mechanism 16a ... optical unit 16b ... photo detector 16c¢ ... laser
source unit 16d ... calculation/control unit 17 ... polishing control unit 18 ... housing W ... wafer (57)
[CLAIMS] [Claim 1]

12 ... lower turn table

12a ... flat polishing-upper-surface

13 ... carrier

14 ... plurality of openings

15 ... polishing-slurry-supply mechani sm

16 ... wafer-thickness-neasuring nmechani sm

16a ... optical unit

16b ... photo detector

16¢c ... | aser source unit

16d ... cal cul ati on/control unit

17 ... polishing control wunit

18 ... housi ng

W ... waf er
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A double-side polishing apparatus including at least: a lower turn table having a flat
polishing-uppersurface rotationally driven; an upper turn table having a flat polishing-lower-surface
rotationally driven, the upper turn table being arranged with facing to the lower turn table; and a carrier
having a wafer-holding hole for holding a silicon wafer, the apparatus comprising a plurality of
openings provided with them equally spaced at a periphery between a rotation center and an edge of
the upper turrf table [ &b Melfer-thickness-measuring mechanism for measuring a thickness of the
silicon wafer t@%gnﬁrﬁ plurality of openings during polishing in real time, the apparatus wherein

the wafer-thickness-measuring mechanism is fixed to a fixed end except the upper turn table and the
lower turn table of thé\dBAHR.&§dé FfishAb! haP&udPRAE h i pabsliydrag at
wavelength-vhgabkle-infiarashhaser hawvngblight ieansnyjttable|veavelengtsif dg7egpdr/75 nm through
the silicon wafer famd Mmeasures a bl1l| thlgkness of the silicon w?fgrr bytusbqgearﬁ optical reflection

interferometrf.LtE: a"’}r%GZ] he' out}fe-sfdevgglish?r?g ggggrratus a(r:‘corglng to cefé/i'mng, wherein the

fixed end to vehith &ie wafdrefickridsaneassing arehanisai isoid@d ig adhdiystng of tiee double-side
polishing appgRiee: t urn tabl e being arranged with facing to the | ower
turn table; and a carrier having a wafer-hol ding hole
for holding a silicon wafer, the apparatus conprising
a plurality of openings provided with them equally
spaced at a periphery between a rotation center and an
edge of the upper turn table, and
a waf er-thickness-neasuring nechani smfor
measuring a thickness of the silicon wafer through the
plurality of openings during polishing in real time, the
appar at us wherein
t he wafer-thi ckness-neasuring mechanismis fixed
to a fixed end except the upper turn table and the | ower
turn table of the doubl e-side polishing apparatus, has
an apparatus of a wavel ength-variable-infrared |aser
having a light transmttable wavel ength of 1575 to 1775

nm through the silicon wafer, and neasures a bulk
t hi ckness of the silicon wafer by using an opti cal
reflection interferonetry.
[ Claim 2]

The doubl e-si de polishing apparatus according to
claim1l, wherein the fixed end to which the wafer-
t hi ckness-nmeasuring nmechanismis fixed is a housing of
t he doubl e-si de polishing apparatus.
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