DESCRI PTI ON WAFER POLI SHI NG METHOD AND DOUBLE- SI DE POLI SHI NG APPARATUS
TECHNI CAL FI ELD [0001] - The present invention relates to a wafer
pol i shing method and a doubl e-si de polishing apparatus, and specifically to
a wafer polishing method and a doubl e-side polishing apparatus that can
efficiently manufacture a wafer for a sem conductor having a high flatness.
BACKGROUND ART [ 0002] A conventional wafer manufacturing nethod wll
be expl ained by an exanple of a silicon _wafer manufacturing nethod. First,
a silicon single crystal ingot isPHPERAFTEBN exanpl e, by the Czochral sk

met hod (the CZ nethod). The obtained silicon single crystal ingot is.sliced
to produce silicon wafers, and thereafter the silicon wafers are subjected
to each of théiATERSPOLIBHANGeMETHOD AN MNUBLE $tRhi RGLeRE ISt er t he
other. At |east a polishing process_|j g @ equently perfornmed to nmake a
mai n surface of each wafer a mrr PE%? g g. [ 0003] In this
pol i shing process of the wafer, for exanple, a doubl e-side polishing

- apparatus may be used to polish both surfaces of the silicon wafer.

As the doUBICENSIGR. polEkhi ng apparatus, a so-called four-way doubl e-side

polishing[gﬁ%ﬁratus is normal ly used which has a planetary gear
constructi iH which a carrier-for holding wafers are arranged between a

sun gear provi dedeabraseeit empsition aslagssi nbeanalafgearp@ibviited at an
outer circunferential portion. o
method and a double-side polishing apparatus, and
specifically to a wafer polishing method and a double-
side polishing apparatus that can efficiently
manufacture a wafer for a semiconductor having a high

flatness.

BACKGROUND ART
[0002]

A conventional wafer manufacturing method will be
explained by an example of a silicon wafer manufacturing
method. First, a silicon single crystal ingot is grown,
for example, by the Czochralski method (the CZ method) .
The obtained silicon single crystal ingot is sliced 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 polishing process of the wafer, for
example, a double-side polishing apparatus may be used
to polish both surfaces of the silicon wafer.

As the double-side polishing apparatus, a so-
called four-way double-side polishing apparatus is

normally used which has a planetary gear construction in



[ 0004] The four-way -doubl e-si de polishing apparatus can sinultaneously
polish both surfaces of the silicon wafers by inserting the silicon wafers
into a plurality of carriers, in which wafer-holding holes are forned, to
hold the wafers, by rotating an upper turn table and a |ower 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 | ower turn table against f t d back h of
e var or i e SARAHGT HEPE. Pof LA “CRh ¢ 1 Crt batet cRechePaTa 1 con

wafers, apd GRIEU of at kng.and  ultvidiy dhe sartheernaih the sun
gear and hee¥hternaﬁ%§2%%¥e?0005] Fﬁhever% when t he above-descri bed

doubl e- si deapold=zhi intedpparan usut s rused cuar fisgiarshi 2k HePEEHPR - probl ens such
that the productivity is | ow even though flat wafers can be obtai ned or on
t he contréPQOﬁdM/flatness waf ers are obtained even though the productivity

is high. This ignheqansedierdois a-tiadepbl istliay apsidmtet veem a

polishing rate of the wafer and the flatness. To deal with these problens,
quasi - st asinuprteoessingy oyo keepi hgthhsusdiacas f rdte 331+6@ as possible is

pol 1 Shi ng EERGH Hb TISTT5: A0 SROBLAY ol e By S { chi bg & porTohing -
agent intgfracpaldididg agemibavivagea-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 silicon wafers,

and by concurrently rotating and revolving the carrier

with the sun gear and the internal gear.

[0005]
However, when the above-described double~-side

polishing apparatus is used to polish, there are
problems such that the productivity is low even though
flat wafers can be obtained or on the contrary low
flatness wafers are obtained even though the
productivity is high.

This is because there is a tradeoff relationship
between a polishing rate of the wafer and the flatness.
To deal with these problems, quasi-static processing by
keeping the polishing rate as low as possible is needed
in a finishing stage.

[0006] |
In view of this, there has been used a polishing

method to flatly and smoothly polish by switching a

polishing agent into a polishing agent having a



different grain dianeter or a different pH on the identical turn table (See
Patent Literature 1, for exanple), or by polishing while |owering a
rotation nunber or decreasing a | oad when finishing is close at hand (See
Patent Literature 2, for exanple). [0007] Moreover, when the
above-descri bed doubl e-si de polishing apparatus is used to polish, the
polishing rate of the wafer varies every polishing due to deterioration of
a polishing jig material such as the polishing pad and the carrier. Wen

the poli shiBg .S RETHOrTedi{ Qfe Be BT edeberninTed epal igshioy there, there arises
a problemsuch that thi cknesses of the polished wafers arefdifferent
respect i veéHgndieatlo tardi ffayent (Peti BALRGr A& eNatWi%ew of *this, there is

di scl osed a douyble-sid ol i shin ppar at.u : |4 shesawhbhe neasuring
the thi ckR&s&P )Vh€R&%i;p%iﬁ?%gngoﬁﬁéﬁ%ngp (000 E%or exanple, with the
pol i shi ngnappanatdss ddate ool nghes1vhil eheeadumiehine tshiekpessabf a

sem conductor wafer during polishing by using an optical reflection
interferohendy(ﬁaaaﬂaﬁﬁﬂﬁiﬁ;%eH@§EFPb d i PP St erature 3 and Patent
Literatur? é the flatness of the polishing surface can be nade high.

Mor eover, | ggﬁding to the invention of Patent Literature 3 for exanple,
with light havi mgraokieght wheansitid tathdeendeeresnger doddgT I HEE wafer, the

t hi ckness can be neasured with, form ng, focus .b i ing light
flux al ongoAiEhiidIhedPaiFieet i bh FFSH]&Offﬁﬁfjﬁhgﬁﬁkgq% l?ﬁg§§gniconductor

wafer to a_back suynface thereofi c50808ky polishing due to
deterioration of a polishing jig material such as the
polishing pad and the carrier. When the polishing is
performed for a predetermined polishing time, there
arises a problem such that thicknesses of the polished

wafers are different respectively due to a different

polishing rate.
In view of this, there is disclosed a double-side

polishing apparatus that polishes while measuring the
thickness of the wafer during polishing.

[0008]
For example, with the polishing apparatus that

polishes while measuring the thickness of a
semiconductor wafer during polishing by using an optical
reflection interferometry like inventions described in
Patent Literature 3 and Patent Literature 4, the
flatness of the polishing surface can be made high.
Moreover, according to the invention of Patent
Literature 3 for example, with light having a light
transmittable wavelength through the wafer, the
thickness can be measured with forming focus by moving a
measuring light flux along a thickness direction from a

front surface of the semiconductor wafer to a back

surface thereof.

[0009]



However, in this art described in Patent Literature 3, since the focus is
formed along the thickness, it is easy to be influenced by vibration of the
waf er during the 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 attenuation depending on a distance from an

obj ect 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
approxi mat ed. Thereviex t hier eflore arprabkemibbdcant &teatt on and darmage by
m st due to the polishing.slurrz and the like in gfssagghgf the |ight.

Mor eover , Ld Hemeduerey3 of S take n§hend omdiss S P 15 ght® 9% esi gnated area

on a poli %fgll&gcqﬁ surfacgtips_tggsgsggu%ienqnlglgjgng@f@yt@ibﬁamcneased during

t he poli st W otder "t o i Apr the precision of the neasurement. A
confocal meiha sarchd@siPgt ehe pblésatiome Rrid,a rbkWelerentaf BEFEES,n

responsivity, and it has a fault such that_.the freguepc f Ki.-ng inis
| ow. CITAFI@ﬁqEQﬂe$OﬂibTeP%P@n?nL?FéPéguﬁgufS§éfﬁ%égg %%gxg%?ned Pat ent

publicatiqn ( ' - 7 Patent Liltey aiaye t2 Japanese Unexani ned
Pat ent pu%ﬁ%é%#%%g( oi%@?gh%géé%38849 Patent Literature g;J%ganese
Unexani ned nfdtentcedibby chigboh aKtkaiup tNeRoReydEad Pat 8BntLE-EBF&t ure

i Lo at ur G5 Tbeflekes baf BrbCNBoagarsey A a0 AticsBEcREATG

point where the focus is formed and a point where the
light is input and output needs to be approximated.
There is therefore a problem of contamination and damage
by mist due to the polishing slurry and the like in a
passage of the light.

Moreover, a frequency of taking the measuring
light from a designated area on a polishing surface in
the measuring light needs to be increased during the
polishing in order to improve the precision of the
measurement. A confocal method such as Patent
Literature 3 is, however, inferior in responsivity, and

it has a fault such that the frequency of taking in is

low.
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DI SCLOSURE OF | NVENTI ON [ 0011] In the nmethod described in Patent
Literature 1 and Patent Literature 2 as above, polishing conditions (type
of a polishing agent, a polishing | oad, and a speed agai nst the polishing
surface of each turn table to which the polishing pad is attached) are

swi tched during one polishing cycle (one wafer in single wafer processing
and a plurality of wafers in batch-wi se nmanner processing). [0012]

In this nethod, however, the polishing conditions are not switched with
taki ng account of deterioration of a polishing jig material such as the
polishing pad and the carrier. A failure in a wafer shape, such as an outer
peri pher alDIs¥g-O3 el by HREBNEIONhi s is because the deterioration to the
.above-nentﬁdyljmaterial is generated by polishing, and the polishing
conditions (for exanple, a polishing speed) thereby vary even in the case
of polishing witlh tihe inderntddade appabatdusni Ratka ts did CHRidi%§ ohsa?

Mor eover, since timng of switching the pali.shi.ng. c i i st ant
regar dl es§aetthd et &t of at oﬁsoF%PHE’p&Q¥ﬂéh%#%ié?ﬁ%é%??g gﬁ%%%as t he
pol i shing y3ad, ansh {dhei £@rideht, t Repglarshsagoriaiersasdca shaedt he
productivity beconmes worse by 1 ncreasing a polishing tinge mjﬁh t he

det er i or atigeri roft tiee pedl sehAggpadrfane fatcasitdssr BridRtfcF8ney of
pol i shing st.ock renoval. occurs, . bl o) CESS 19K
deficienc?ﬁﬁfﬁbév?%kﬁ?ll%t%%ﬁ %%n&§|a§§$§%§§9|j§§%p%¥%2§h§3 neasu?ing t he
t hi ckness dn@ adj issh thug | @ge pel i(shieng adre rafitrers iargile beddee pol i shing with
extracting it. However, since the polishing needs to ge §&998ed hal f way and
t her eby t BEOSIESTRICIT A1y bebhba Ldtynicfli CaRISS wot sR2 TP V& Rot realistic
met hod. [ er, when the wafer is polished, the polishing
rate varig%ﬁﬁi§t%f%%ﬁ§%%f%¥foration of the polishing pad and the |ike. As
shown in RIOG1Z, the polishing tinme required for polishing up to a target
t hi ckness of a accordingl reatly varies t t Egh
polishing rate gﬁdgéllso%% hi}h%w?‘é%léf %Egr éﬂgﬁﬁ&ﬁg}gﬁgﬁf}g{%ﬁgfem t hat
the tinme peguined Jortfodd shity pekéess accoott stbdet¢viobatiinanacdonst ant
target thickness in the finish of polishing.kyhen h golisgangn%ine IS
made consBaRPliighing gidy -JRFeshed PHCEadS df %139%%5% '?shing®rate, a Iot
of failuregsuch,as ,SCral ¢hy are-& henelywaener aheghe anglich yael angreat |y
becones worse. On the other hand, a polishing deficiency occurs in case of
a | ow pol psitieny preatiha el f$agnesbesbbyh@omae - t Hdyieby! DR eSHor se, and

the the deterioration to the above-mention material is

generated by polishing, and the polishing conditions
(for example, a polishing speed) thereby vary even in
the case of polishing with the identical apparatus in
the same conditions.

Moreover, since timing of switching the polishing
conditions is constant regardless of the deterioration
of the polishing jig material such as the polishing pad
and the carrier, there arise problems such that the
productivity becomes worse by increasing a polishing
time with the deterioration of the polishing pad, and
that excess or deficiency of polishing stock removal
occurs.

The problem of the excess or deficiency of
polishing stock removal may easily suppress by measuring

the thickness to adjust during polishing or after and



yield al so becones worse. [0014] FIG 6 shows the case where the

t hi ckness of the wafer in the finish of polishing can be made a constant
target thickness a by nmeasuring the thickness of the wafer during

pol i shi ng. In this way, the thickness in the finish can be nmade a
target thickness by the neasurenent of the thickness of the wafer, but each
polishing tinme greatly differs between the case of a high polishing rate
and a low polishing rate. The tine required for polishing proce;;kyg i s not
therefore_ stable, al.se . i cthegwater iswaotrst abhee t hese
become ae%%%? en 83?%9f3%§§3%ﬁ ég&ﬁ%n a %ouble-side ol i shi appar at us
that perf o6 Dsshahigs hicrgismiid daressepped hhdIVAYCRASS S ‘%ﬁ@qab er during

the polishing in real tine by an optic I is@n ispt erd efretry as
describedprﬁgpﬁFéNﬂtQi&5¥§Fﬁ¥%f§uﬁﬁﬂkﬂgégEﬁglgg or 'a passage of light is
provi ded g% f;ReLishidAhdqirn table, and a material, which is |ight
transmtta ?e, does not give danmage such as scratch to an object to be

pol i shed, [ad#i3has resistance to a slurry such as a polishing agent, is

attached as a wi ndow nenber to | shing 1haMERY ankol e at the
cor r espondi ng %F?Pgﬁrfowbﬁgtto Skgﬁﬂglengg a passage of light. The

wi ndow nepBes shendsed s el qwldsdi ng pad B teniifoyiaig athed fni Hé®w nember
with the polishing pad and by attaching%theg1to tgeEe%Ii%hiqu;urn tabl e.
[0016] polishing weel poid sHitg Bppar A TsSaR i th

YHedlri'bed above,

t hi ckness_of .t far | eptlypRRaSHied iy aughs ttergendow nmenber
by the opPPgéfﬂﬁgg?gngéﬁrl terferonet?y during polishing, and the

pol i shi ngth$caubematdcat |acss oppegl at grhe tiliyny a0l ae R HRER ot Pfe tar get

t hi ckness. For example,.in the i Nt ri bedhd nrPesent
Li t erat urgage Pﬁe%mhﬁﬂﬂmﬁéﬁﬁéhh@ eﬁag %ﬁﬁoﬁ-gg?? hiﬁb sid% %f t he wafer,

and |ight thayiknghad iahtsdd anssi &1 Bbhethavelergttinechreaghl ¥¢@ f@Fer is used

as the neasuring light. In the invention descrihed in P jterature 5,
a wi ndow pol imbasagr DrPaes thF kdesstaPLené® gﬁlfééﬂé%%fgﬁﬁttmjndOM/mhich

uses a wi pdow nehar oo A PG w0I ELadow U Bcdldishigg pitbrortlan upper
surface of*49F6wer turn table comng in contact with the folis inﬂ surface
S

side of tpelwehanchavimg i rhiaden cPOOLAN thowdverS JHITROTHVRNL b
describedcggepg%egthigh polishing rate, a lot of failures such as
scratch are thereby generated, and a yield greatly
becomes worse. On the other hand, a polishing _
deficiency occurs in case of a low polishing rate, the
flatness of the wafer thereby becomes worse, and the
yield also becomes worse.

[0014]
FIG. 6 shows the case where the thickness of the

wafer in the finish of polishing can be made a constant
target thickness o by measuring the thickness of the

wafer during polishing.

In this way, the thickness in the finish can be
made a target thickness by the measurement of the
thickness of the wafer, but each polishing time greatly
differs between the case of a high polishing rate and a
low polishing rate. The time required for polishing
processing is not therefore stable, also the quality of

the wafer is not stable, and these become a bottleneck.



Literatures 3 to 5 as descri bed above, the w ndow nmenber unifies with the
pol i shing pad, and therefore the polishing pad needs to be changed due to -
only damage of the wi ndow nmenber. In addition, the w ndow nenber nore
severely wastes in conparison with the polishing pad, and a lifetinme of the
wi ndow nenber thereby ends before the end of a lifetine of the polishing
pad. Both of themare thus scraped, and resulting in making a | ot of waste.
Mor eover, as seen in the invention described in Patent Literature 5, the

wi ndow | ogatas jat a polishing surface side of an object to be polished,

that is, at an upper Si of the turn table_ an | i ght stem
| ocates j ust beﬁgw? qqaiﬁ?ﬁﬁgérﬁﬁ +?%&nﬁlﬁapgﬁ§Fg§yqﬁ5§g to :gyused to
enhance aiyhiighings s, 1d Nk ¥k ALONgTeRBERhildkries 4 hef etios evdified to change,

it takes time for nmaintenance, and efficLencgugecreases. {0018] The present
i nvent i on dwas nar ddreplpshiesh i ng viBwreh 1t FdrgbSre-a8% fPRF Hedi! probl ens, and its

object is tq.prqovide a wafer polishi t; cap, paoufacture a wafer
havi ng a HFE&GFﬁafﬂbs%“%ﬁﬁf%F ?8Er¥n§gt n%ggqé% i'gh productivity and high

yield. [0919k At anothein®bigct pBblpr €sent ipaserddonofslighprogi de a
doubl e-si de polishing apparatus that can EP'iSh H?e waf er mhile measuri ng
the thi ckpesyisted e vaafeel W kRN Ei §HIPr &&Pdicon 34 UL bR hg 1 nfl uenced by

Pol  ahi ng TR HE docl ooy LRl SRLRG et et hat aan pol | Shohi |
measur i ngathe drhitdkness af ohgewaf ep. bE0@20lshed, and has

resistance to a slurry such as a polishing agent, is

attached as a window member to a polishing pad having a

hole at the corresponding position to that of the hole
for a passage of light. The window member is used as
the polishing pad by unifying the window member with the
polishing pad and by attaching them to the polishing
turn table.

[0016]
With the polishing apparatus as described above,

the thickness of the wafer is consequently measured
through the window member by the optical reflection
interferometry during polishing, and the polishing is
automatically stopped at the time of reaching to the
target thickness.

For example, in the invention described in Patent
Literature 4, the window is provided at a non-polishing
side of the wafer, anq light having a light
transmittable wavelength through the wafer is used as

. the measuring light. 1In the invention described in
Patent Literature 5, a window for measuring the
thickness of the wafer is used, the window which uses a
window member or a plug unified with a polishing pad on
an upper surface of a lower turn table coming in contact

with the polishing surface side of the wafer having a



To achieve this object, the present invention provides a wafer polishing
nmet hod i1 ncl udi ng si mul taneously polishing both surfaces of a wafer by
pressi ng and rubbing the wafer, while holding the wafer with: a |ower turn
tabl e 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 the wafer, wherein the
polishingfgangerforned whil e neasuring a thickness of the wafer through a
plurality peni ngs provi ded between a rotation center and an edge of the
upper turnogablie or the lower turn table, and switching a polishing slurry
with a polishing slurry having a different i shi nat @ dWdig the

pol i shing of thEoWSNET, [gb24ife lnvent%ﬂnf‘huggsr‘%a%ﬁ“r?%rg{ “when t he pol i shing is
per f or med ile ring,t e thiiekpes s of diweravaftere atindew t NEBPEE
sinultaneég%%fﬁles%i%gg othasurfaces, t he thicknqgg of the wafer can be
eval uat ed vl ffiead w1 tie. tHenpngiohinge padt dithdERGIR e He SP%rry having a
different polishing rate and the end of ldsdi g S8y edsmagbeottherefore
seen mﬁth&ﬁﬂj§¥ﬁﬁﬁ?nﬁa?h@eﬁg?igﬂiﬁ&,cgﬁﬁﬁ¥ﬁg f?%e requ?$ed for polishing
Processi ng. Gan, it s defder . In abbieaver, dior vebrehp anenipRr WBPER is first
polished with a polishing slurry having a hi q§$°|i5figﬁiﬁ tgadand t he

pol i shi ng sdwerely swask eghet wpﬂﬁaélﬁ&QEﬂﬁ?g r?y haV|n§ I"éw pol i shi ng
rate hal fway, The. polishing ig.therghy, RS Feghé Pedy condst befioge a hi gh
rate and I?:}%é%é%?ﬁg?gakget%gpeafter a high precision polishing is
per f or med afe ad@Wf ak el i Fbe ieme fr ¢ el ¥ ips| Padi nFeHE Réfer can be

t hereby reduced, and the productivity can he. |ncreased; Myt Boubrdea easi ng

t he fIatnéggﬂhnﬁr%nﬁ%?ﬁné§§aBthhénﬁgfﬁﬁsuf£lﬁg {ﬁbnseaﬁ%ntly, t he wafer
can be polggnﬁg at high productivity and high yield, and the wafer having a
hi gh flatness and a hi gh snmoot hness can be nanufactqéequlQQ§21anreover,
the plurality oMcpenieygs asespeef épablf grRAHed at“The tipper turn tabl e.
Wien the thickness. of the wafer is nBasieh sdyst8g pel aspbond shhimgugh the
pIuraIity'%ﬁtQﬂ) ﬁ?ﬁ@%rﬁgg6ﬁdgd gFéihe upper turn table, a leak qf H@e

pol i shi ng §lAKddet bieughft he opgriatgs aldes moliskedr &RETt & p&Y St ng
slurry does not enter the inside of .the openings.,A BRasHLe agaitwi the

| eak i s noPRHereideeChelBSsity D %ﬁﬁgéhdgﬁflé,gtﬁe ng?nteggnce of the turn
tabl es beg g@syusgngeqthskAOEiQMﬂﬁﬁam4mqﬁ¢wb®lemi@g thereRiYckness of

t he wafer can be suppressed. [0023]

needs to be used to enhance airtightness of the window

member. It is therefore hard to change, it takes time

for maintenance, and efficiency decreases.
[0018]

The present invention was accomplished in vie
is to

w of

the above-explained problems, and its object

provide a wafer polishing method that can manufacture a

wafer having a high flatness and a high smoothness at

high productivity and high yield.

[0019]
An another object of present invention is to

provide a double-side polishing apparatus that can

polish the wafer while measuring the thickness of the

wafer with high precision without peing influenced by a

" measurement error as represented by vibration of the

wafer during polishing, in the double-side polishing



Mor eover, the wafer is preferably polished in a batch-w se manner. Since
the wafer polishing nethod according to the present invention enables the
waf er having a high flatness to be obtained at high productivity, and the
productivity can be nore inproved by polishing in a batch-w se manner. In
t he present invention, since the polishing is perfornmed while neasuring the
t hi ckness of the wafer through the plurality of openings, even in the case
of sinmultaneously polishing a plurality of wafers in a batch-w se manner,

t he thick f. aly £k Sp§anshewpheei melay urdasurgte t002A$s Ror eover
a met hod %%ﬁ%gigﬁﬁrm;%%ﬁ?th?%kness of the wafer is preferably an optica

reflectionfi ntrer fwerfaret ry by a wavel engt h-variabl e-infrared | aser.

In this manner, when a reflection spectrumon the surface of the wafer (a
situation (@04t erference of light reflected froma front surface and a
back surface of tthecnafeid) s evebiated byet beewand! digtaiiigrht abl ei nfrar ed
| aser, the thickness of the wafer can be neasured 'ﬁ% hi gh preci sion

duri ng polpirshiintes [00P5]eMopebdiaPing; Mekgost i %§ét hi ng of the polishing

slurry is preferably determn 0B bR nbasirs Mfeftof eastadae bf an el apsed
time from%&%ﬂi%ﬁn%#hﬁﬁ% %%}?g %ﬁg, a polishing rate, polishing_stock

removal , g sid etidrerebb angokhshivad epad while holding the w

with: 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 lower
turn table; and a carrier having a wafer-holding hole
for holding the wafer, wherein the polishing is
performed while measuring a thickness of the wafer
through a plurality of openings provided between a
rotation center and an edge of the upper turn table or
the lower turn table, and switching a polishing slurry
with a polishing slurry having a different polishing
rate during the polishing of the wafer.
[0021] .

In this manner, when the polishing is performed

while measuring the thickness of the wafer at the time

of simultaneously polishing both surfaces, the thickness

of the wafer can be evaluated in real time. Timing of
the switching with the slurry having a different

polishing rate and the end of a polishing state can be

therefore seen without stopping the polishing, and the

time required for polishing processing can be reduced.
Moreover, for example, the wafer is first polished

with a polishing slurry having a high polishing rate,

and the polishing slurry is switched with a polishing

slurry having a low polishing rate halfway. The

polishing 1is thereby performed in a condition of a high



In this manner, when the swi tching of the i shi [ '
_ , \ polishing slurry is d
the basis of the elapsed time fromthe start of thg polisﬁing Shgrnlned o
polishing rate, the polishing stock renoval, and the lifetine of a
pol i shing pad, an appropriate response can be nade according to
circunstances against a polishing state of the wafer, which varies
depending on the deterioration of the polishing jig material such as the
PO|IShIng pad and the carrier. The target shape of the wafer, particularly
tEEF?;?gg?ggﬁgahpegggpﬁgq%ﬁ%%ﬁgﬁ&@,?@@i shabkehifzati @n hdfght he fl at ness, and
_ . e p hing stock renoval can be theref [
2gglegvgg.$ﬁeeze]lowbtp@d\mmgm ieaerboenef atpél LS g edadT%an;gt ;'??glnl Y
: ne upper .turn table,,and. a r t] t ’
e Bt or bRy CRAEAT AU TP HG BaT | Shengor T e et et o Lhe basi o of
ﬁ::grggeggggggg,f%ﬁt kurpe:«;ﬁ:s@dd @it thet waten. be increaseadcivwsithgider, when at
. olishing |oad, a rotation speed of u u i
‘23Ft2h{ﬁtd2p@ﬁa§p@@dtﬁﬁtﬁk?ﬂ%ﬁﬁﬁ R nSPapF nF§ScﬁgiggﬁfRﬁ%ﬂ%%U{?ioﬁbig’the
olishing m#t h Qaggéﬁég¥1%?V%W%i% R T .
8 _ g of the-\ r, a m'nute and appropri ate response can be, nade
uring t hgrpabicthivig yofarichen Wit ey i @bdi nsndchaeges oy thay 19 | %mgﬁ
conditions due to deterioration of a mechanism.used for dshing. The
rﬁfer havfﬁgtae@ﬁe@ﬂﬂfQNQﬂgbI%W%%Egn%FStﬁénpoFizhedIsdﬁggée can be
_ erefpre[gbag!y obt ai ned. [0027] Furthernore, the present
invention provides a doubl e-side polishing apparatus includi t, least: a
Lﬁmer turn tablMohaovag,atﬂaﬂpknﬂakﬁﬁmga8p%Eﬁnéﬂﬂﬁaééeuﬁﬁﬁég%éh%% driven:
_upper tugn,table hﬁx#p 2 flat, po! isphag-!ower-surface rotationally ’
drlvep, tRé Hﬁﬁ%*%fﬂﬁ ab &Dei ng arrangeg with facing to the lower turn
table; and a cagrbar thavichg ckneaferohot e ngaRekeifomeRsidiaty B et 2r, the

apparatus conprising a plurality of openin r OVi. i
center angodasadge %mﬂﬂﬂghuﬁﬁﬁ ?h?ﬁaEéEVeggf%%ﬁguﬁga%ﬁﬁ%%fﬁa?gb%gfaghgna

waf er - t hi ckness- peasuring Jpehans smeher [ i i
i g offeasd | isHingkabssryf th
t hr ough tﬁe p?%Fhllty of openings during polisﬁfﬁg in r% .ting Ehg nater

appar at ustwseneihn tihiee apdrerng i ¢kRP@sBO e &SGEI NG iR 184 %d to a

fixed end t th :
doubl e- oi 88 EEN] me%g“fg%ﬁéer% %g{?ggg%?gget ot lelogeimysbl eof the

measure against the leak 1s not therefore necessary.

Consequently, the maintenance of the turn tables becomes

easy, and a risk of a measuring problem of the thickness
of the wafer can be suppressed.
[0023] _

Moreover, the wafer is preferably polished in a

batch-wise manner.

Since the wafer polishing method according to the
present invention enables the wafer having a high
flatness to be obtained at high productivity, and the

productivity can be more improved by polishing in a

batch-wise manner. In the present invention, since the

polishing is performed while measuring the thickness of
the wafer through the plurality of openings, even in the
case of simultaneously polishing a plurality of wafers

in a batch-wise manner, the thicknesses of all wafers

can be precisely measured.
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In this manner, when the plurality of openings for neasuring the thickness
of the wafer are provided at the upper turn table or the |ower turn table
in the doubl e side polishing apparatus that can simnmultaneously polish both
surfaces of the wafer, a frequency of the measurenent of the thickness can
be increased, and the precision of the neasurenent can be thereby inproved.
In particular, in a batch-w se polishing apparatus that sinmultaneously
polishes a plurality of wafers, the thicknesses of the wafers can be

si mul t aneously neasured through the plurality of openings, and it can
particul afbyoagntribute to the inprovenent in the precision of the

-measur enment . In additio en t - thkckpassmaswi ng
mechani smis fiXegeeyes pér ﬂ%%%%%%tmgﬁaﬁgéggr turn table and the | ower
turn tabl %h%h@,tafaerre ie@sgggé/féggbwngﬁdobyi‘dahr atdfdredur@mg pol i shing, the
t hi ckness "of” the wafe.r can be neasured wi t hqut bei .nggiégféalefgggrby t he
— rar s
renent of the

vi br at i oniane tfeerdrikery any & heapeeengithy VEr

t hi ckness can be i npr.oved. roughst herabevepdesonibesh effect, the
t hi ckness of thé“wg?‘év5 mrbeerhc“(’:rﬁ%gtgl ggseen inreal tinme during

pol i shi ng 5,30t e, doubl erstde pal sihuag iapparftint @R FABFRT BF e readily

process the thickness of the polished wafer_into tar t bi;ekpess. [0029]
Mor eover, ld ghdl i hf Iecped ﬁﬁ@mmﬁnéé\?/nﬁeﬁblerrfsacceanarg% %r%%{:]aed on a polishing

surface of | owe rn_t anRddt be uprerwdws rena@bheyarhebpeli shing pad
bei ng pr oﬁfézcg‘%%f%%fegshg%ﬁé a di ar%r/et er |arger_than thgt of the

openi ngs at, mesidd onss oy r espontingnes st e pihg A3 15- of 2Bp8hi ngs, the
wi ndow nmenbers having a diapeter l.ar.ger : 1PEhtihe.openi ngs and
smal | er t @R sHeRd 0W1¥1P1eh?18g§8r81cltsﬁ‘e np(ﬂtl snnhl C%gp%ad andghavi ng a thickness
t hi nner t %ztgw]at of the polishing pad; and the w ndow nenbers can be

separated fromthe polishing pad and are fixed.to th elof ULnihagbl e or
the lower turn Malewdw oughnand adhesNEn Sy _1%&%]W@ bo Inltﬁi s

menner, the polishin t e W RAGI dTesb er e ab&s Adherted tor ealsd
pol i shi ng S %%%el%fgfﬁggﬁ%g?’ {aurn tabl e or the | ower tgr.n t.abl e on whi ch

the openi ngs fof awasuabsgdt hénmehifcioress viathehabBP BP 15P%ded, the

pol i shi ng pad bej ng provided_wi th holes Vj di agptien harmgerinrtehan that
of the op&@fiigghkrd pbafFer oR8LdS é‘@posﬁ%?ér}g ]%%g(t)ﬂae plurality of openings,

the w ndo%g@bﬁéﬁig@yhagﬁaddi aneter | arger than that of the openings and

smal | er than that of the holes of the polishing p di.paving a thickness
t hi nner than thdmn gfhihe"PreEhi Hbeﬁaﬁ?’e SWltglllhn%g (gjfar ucture enabl es the

wi ndow menbers_and t fupgki shi g tRath i deosepae abed ibr o e anot her, and
t hey can e Jepara el'y adhered. When one of the iﬂ ngow ne%%rs i s damaged,
the only wingsvedenbee Esosepireatséd @hd EhEyeBCsoSTHEE it 1s not necessary

that the polishing pad, havi a ni g ed-biketbpsvhy , sempeathd n vain.
Since the Pcﬂﬂlysw ‘éoﬁf"ﬁﬁﬁbgggt I?%tﬂs%gvﬁg{r(%ly waste are changed, cost_for
di sposal qf; masigs 6anabgoneduded; pad, an appropriate response can

be made according to circumstances against a polishing

state of the wafer, which varies depending on the

deterioration of the polishing jig material such as the

polishing pad and the carrier. The target shape of the

wafer, particularly improvement in the outer peripheral

sag, stabilization of the flatness, and the target

amount of the polishing stock removal can be therefore

readily achieved.
[0026]

Moreover, at least one of a polishing load,
and a rotation

a

rotation speed of the upper turn table,

speed of the lower turn table is preferably changed

11



and runni ng cost can be reduced. The separation of the w dow nenber
and the polishing pad nakes t he nmai ntenance easy. Since the only w ndow
menber can be changed, when the lifetinme of the wi ndow nenber starts
interrupting the nmeasurenment of the thickness of the wafer during
pol i shing, the only w ndow nenber can be changed with remaining the
pol i shing pad. The doubl e-si de polishing apparatus can therefore polish the
waf er while measuring the thickness with high precision and with reducing

the wastes. Ln e pr t. jhveption, skpgcechhenel waalid yoHf openings are
provided,aﬁrbpﬁréﬁft%Ogﬁgﬁfhdgﬁfﬁe%gerg are accordi ngly necessary, and

t hereby theaBRaedr epmnt off die thickness pPE abeur@i€@™r performed. As

descri bed above, it is necessary to set the li i e tiuelqy because
of the separati®f &RifhBaRRFdow HsThet's %%%S%hég%o |Sﬁi%§ggéd. E%OBH

Mor eover, fer-thi. egﬁg@@agprtﬁg gpebanitsmmreferabl 3nthas an
apparatusléggém%aggfgﬁgﬁﬁ?variableinfrared | aser havi ght

g ali
transnitt abtetwavelsprgich dthridigghl ower wafsp. tRR 1ehils FeduneR t he

apparatus of ~a wavel engt h-varjiable-infrar I W Nl g | 4 ght
transmit t aBfé tid@elthdt t?W%ﬁéﬁﬁ?%ewﬁéﬁeﬁﬂFsgﬁggﬁﬂgs the][@g

mafer-thiéggg SOIRAY T iNch iTRe haat smiut hegr ehleegtddrsisipeetefint A the surface
of the wafer %a situation of interference of I|ight reflq%éeﬂa%éon1a front
surface amdfarback msurftcend 2PRCABEeRfScARHE |t ed” and t he

t hi ckness of .t he wafer .ca t her ragsw edianiddt higdngeecisi bheduring
pol i shi ng@UF8852]t r&ﬂ%ﬁéﬁfﬁ%eg§a€g¥ength ofq¥%e | aser is

polishing conditions due to deterioration of a mechanism

used for polishing. The wafer having a greatly high

flatness of the polished surface can be therefore stably

obtained.

[0027]
Furthermore, the present invention provides a

double-side 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 lower turn
table; and a carrier having a wafer-holding hole for
holding a wafer, the apparatus comprising a plurality of

openings provided between a rotation center and an edge

of the upper turn table or the lower turn table, and a

wafer-thickness-measuring 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 1is fixed to a fixed

end except the upper turn table and the lower turn table
of the double-side polishing apparatus.

[0028]
In this manner, when the plurality of openings for

measuring the thickness of the wafer are provided at the

12



preferably 1575 to 1775 nm 1In this manner, when the infrared | aser having
a wavel ength of 1575 to 1775 nm and a hi gh speed, for exanple, for

comuni cation application is used as a |laser for the measurenent, tenporal
resol ution can be increased, and the thickness of the wafer can be

eval uated wi th higher precision during polishing. [0033] Moreover, the

w ndow nenbers is preferably light transmttable by the |aser radiated from

t he appar at us of a vvavel engt h-vari abl e-infrared | aser. In this
manner, when, | ndows gegberpdl 9 dieah!tdFmnsableabhethy doabileser ,
absorptlol‘H)and re ron of the |aser at the w ndow nenbers qan be

SUIOIOFeSS%d@r’;ﬁlomslletngaappamasmsertgﬁt otan helHehEARPRY SLAs 8P &N be

t her eby suppressed. The precision of t e B ehet he wafer can be
consequerqth n%‘dléfﬁ?@ﬁef’? ?85321']‘3‘% reo%erlr@?ﬁélﬁﬁg‘ser thi ckness- maasurl ng

mechani s iﬂvﬁéﬁgﬁﬂ geasHeeha dlde d htamknle651ntrtehée\€daf gnd the I'n
this manner he bul k thi ckness of the vvafﬁ % nmeas gr% an act ual
t hi ckneSSp:oécisheowabértbanmﬁésjwtalﬁ?rhgb%& §hPRY, “ARd the t hi ckness of

t he poli shed waf er can be th%%ttycm &|19§§5‘_s]‘:19n@ babgeta tidd akness.

In particular,

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—-thickness-measuring
mechanism is fixed to a portion except the upper turn
table and the lower turn tablé that are easily

influenced by vibration during polishing, the thickness

of the wafer can be measured without being influenced by
the vibration and the like, and the precision of the
measurement of the thickness can be improved.

Through the above-described effect, the thickness
of the wafer can be accurately seen in real time during
polishing, and the double-side polishing apparatus can
therefore readily process the thickness of the polished

wafer into a target thickness.

[0029]
Moreover, a polishing pad and. window members can

be provided on a polishing surface of the lower turn
table and the upper turn table, the polishing pad being
provided with holes having a diameter larger than that
of the openings at positions corresponding to the
plurality of openings, the window members having a
diameter larger than that of the openings and smaller
than that of the holes of the polishing pad and having a
thickness thinner than that of the polishing pad; and

13



[ 0035] Moreover, the plurality of openings are preferably provided with
them equal ly spaced at a periphery of the upper turn table. In this manner,
when the plurality of openings are provided with them equally spaced,, the
t hi ckness of the wafer can be readily measured, and the polishing can be

t hereby perfornmed with high precision. In addition, when they are provided
at the periphery, the thicknesses of all of the held wafers can be neasured
during polishing, for exanple, with the four-way doubl e-side polishing

apparatus w thout a bad influence on the polishing. w}en tt}ﬁ%iar{ provi ded
at the uppee wiihtiowableambetrise daealb@fwmr%ﬁﬁsﬁi‘fﬁg‘ &0gr BRI SUGh the

openi ngs can be suppressed, ,and.t he | pt ce 8 ot R tten tabdes thereby
becones eRa§. 2RA ZdEi tfilé(r‘?% &% idcsrke o?@é?mg{s}g?i na preobl em of the thickness

of the wafer canhe %W@ﬁ% ad0936dnMbagever, the fixed end to which
the wafer- thi ckness- measur i ng mechanismis preferably fixed is a housing

of the dogbb&0gi de poli shing apparatus. In this manner, when the

waf er -t hi ckness-neasurin hani i$1 48 ahgnhRogsiengiofddwhe
doubl e- si de pol ?%h?ﬁésagggﬁﬁds?hﬁg vvalf er-x?%?%kness- measur.i ng nmechani sm

can be probLesked hreMmadH¥mid wn arde spail hshaddalsse fawe i diess of the

waf er can be neasured with high precision thr t T3l i gye of
openi ngs. upRernftug@ndede i s"e"‘%aﬁoﬂ‘ért Eélﬂ:gb%%f%g&ug)gldwﬂ;lnd t he t hi ckness

of the wafer_can_b qﬁétbgsqgvﬁ he e 0bBE cRheisSiodn the iwmtgol #8@i ng. [ 0037]
Mor eover,opﬁgl\%\dgr?d?v?/@rre ers larc}e preferably nmade

provided, the polishing pad being provided with holes
having a diameter larger than that of the openings at
positions corresponding to the plurality of openings,

the window members having a diameter larger than that of

the openings and smaller than that of the holes of the

polishing pad and having a thickness thinner than that

of the polishing pad.
This structure enables the window members and the

polishing pad to be separated from one another, and they

can be separately adhered. When one of the window
members is damaged, the only window member is separated
and changed so that it is not necessary that the
polishing pad having an unexpired lifetime is scraped in
vain. Since the only window member that severely waste

are changed, cost for disposal of wastes can be reduced,

and running cost can be reduced.
The separation of the widow member and the

polishing pad makes the maintenance easy. Since the
only window member can be changed, when the lifetime of
the window member starts interrupting the measurement of
the thiékness of the wafer during polishing( the only
window member can be changed with remaining the
polishing pad. The double-side polishing apparatus can
therefore polish the wafer while measuring the thickness

with high precision and with reducing the wastes. In
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of plastic. In this manner, when the plastic, which is |ow cost and has
excel l ent steadiness, is used as the w ndow nenbers, a frequency of

changi ng t he wi ndow nmenber can be reduced, and work and cost required for
t he change can be reduced. [0038] Moreover, a relation of t14ixP/ 100>t wtt 2
and a relation of twnw>tsns or twnw<tsns are preferably satisfied, when a
t hi ckness of each of the w ndow nenbers is tw|[gnm, a refractive index of
each of the wi ndow nenbers is nw, a thickness of the adhesion layer is t2

[gn], a thickness of the fer IS naeti v& opeexnefs t he wafer
is ns, a ERPCRRESENGT HWE m’% $%hi ngns%létg@ﬂl’% ?%{&%01 b a conpressibility of

t he poI i shi-ng, qulag[d%@[gmﬂjnal&mmfnmapdbivsmemgelr@a@fes Pl[g/cn2]. In
this manner, When the relation of  tlxcixP 10}(:)§t WHEELZ i e%%g‘ifdied
pr ot r udi ngcobriheglivndeearsiiels F1Ont iREeRYI FERi A§SSAd Can be suppr essed

during poljsh and d ter fréheothatnesasotiesheiwaider at the
w ndow me*;rb‘értgggﬁnﬁgssﬁipprée(g%eda%}g P ?1 addition, when the relation of

twnw>t sn, 386 vEWNWEL S, neazessadazsyl‘ted set t;hﬂ @éf§ﬁﬁﬁ1ﬁe§§é@qqﬁﬁ g

measur ement becomes difficul t over bet, peal rgfd eehéon |ight
at the wi hééwuﬁﬁnﬁér §h§nd39r%17% k9P % g’ﬁ ng%w e Iffﬁbeqfsf or exanple, in

t he case oflgghg g Sef. for the neasurenent of the thickness of the wafer,
and a decF8asa e precision of the neasurenent can
[0031]

Moreover, the wafer-thickness-measuring mechanism

preferably has an apparatus of a wavelength-variable-

infrared laser having a light transmittable wavelength

through the wafer.
In this manner, when the apparatus of a
wavelength—variable—infrared laser having a light

transmittable wavelength through the wafer is used as

the wafer—thickness-measuring mechanism, the reflection

spectrum on the surface of the wafer (a situation of

interference of light reflected from a front surface and
a back surface of the wafer) can be evaluated, and the

thickness of the wafer can be thereby measured with high
precision during polishing.
[0032]

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

Vincreased, and the thickness of the wafer can be
evaluated with higher precision during polishing.
[0033]

Moreover, the window members is preferably light

transmittable by the laser radiated from the apparatus
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‘be suppressed. ‘The waf er haying a high flatness can be consequently
readily obtained while neasuring the thickness of the wafer with high
preci sion. [0039] As expl ai ned above, the wafer polishing nethod
according to the present invention enables the inprovenent in the
deterioration of the shape of the wafer, such as the outer peripheral sag,
due to small changes of the polishing conditions during polishing, the
changes which are acconpani ed by the deterioration of the polishing jig

mat erial such as the polishing pad ang t he cgggggr, and the stabilization
of the flafnesyayelenathudarlaale R bbeEAFAed: . In addition to these,

since the polis inngp'&g ReLhLTEd Y | e drBasmd dngmehbetsi dlenddghéf t he
g o h i

wafer, the tim e switching of the polishin ent. can, anged on
t he basi st@hnlshe tdeldrd drattiton bisehe PBEPSRFAGD iag‘dﬁg‘iee'}r]iea%%%ghggs t he

polishing pad and the carrier, and th r AaOUNRY dhed podmdhang stock
renoval cé ebéﬂﬁﬁ%ﬂ%ﬁu?h§1V%ﬁ%ﬁYv@??ggkgr?g%ine. Tﬁggﬁioductivity can be

th'ereforedieQEre%vseed,ir; he yvatd@tion ohe mbestuhiickndssearcde Pade very small,
and the yrel
S

can be greatly inproved. [0040] reover,_ t
i nvent i ontpeaedes ugeraoimd e- ik POFFSATAY aggﬁﬁgtﬁfﬁﬁﬂﬁ%ﬁﬁfgqﬂﬁi|e

measuring the thickness of t hé aaRpPariaiHese whi ch can perform
polishingtﬂﬁIW?ﬁﬁﬁﬁﬁﬁ?rﬁft?é?%%@%gﬁg%g o? the wafer with high precision

wi t hout bqb@gd]nfluenced by a neasurenent error as represented by the

vi bration of the wafer during polishjin does _ : meed cidm@r waste,
has a | ow runniM@Hﬁ&ﬂﬁrmx%VQWﬁﬁﬁ?ﬁ“E%g?§n8ﬁ% Hgésﬁg¥%¥gnance, and can

pol i sh whil e neasuri hi ckpgsg ehildxaesasl erf vitd waghrpreci si on.
BRI EF %S@ﬁl#@%%w NGS [ 0041] , .
In this manner, when the bulk thickness © e

wafer 1s measured, an actual thickness of the wafer can

be judged during polishing, and the thickness of the

polished wafer can be thereby made closer to a target

thickness.

[0035]
Moreover, 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

wafer can be readily measured, and the polishing can be

thereby performed with high precision. In addition,

when they are provided at the periphery, the thicknesses

of all of the held wafers can pbe measured during

polishing, for example, with the four-way double-side

polishing apparatus without a bad influence on the

polishing. When they are provided at the upper turn

table, the leak of the polishing slurry through the

openings can be suppressed, and the maintenance of the

turn tables thereby becomes easy. In addition, a risk

of a measuring problem of the thickness of the wafer can

be suppressed.
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FIG 1 is a view showing an exanple of a relationship between

time fromthe start of polishing the wafer and the tﬁicknesg o?ntﬁgaazfgr
in case of switching on the basis of a target thickness, in the wafer
pol i shing method according to the present invention; FIG 2is a view
showi ng an anot her exanple of a relationship between an el apsed tinme from
the start of polishing the wafer and the thickness of the wafer, in the

waf er polishing method according to the present invention; FIG 3is a view
of conparing the flatness of the wafers polished by the waf er pol i shi ng

nmet hod of [Egawpl e 1 of the present invention and Conparative Exanple 2;

FIG 4 is a view show ng a cont
Example 1 of 't HOBPBYERT PTrTOrT SE Copar ot TV Exanale 21 e

> 15 a view: Shollad i fxary em@&hanieinaaso

pfifie dedtweahi %80 el @pled
fromthe start of polishing the wafer and %he thlckne§§ of the 3a$ertlrﬁ a
conventlohahsmmhemfpdheﬂﬂQEPhﬁtﬁb@e polishiAgeaRPY Y ew showi ng an

anot her exanpl e_of a. relatlo
YN, P %L@R%qt feisrse rferzm it
pol i shing the waPeFafd Phe E%ﬁlc ness 6? theema fer, Fnsa convenﬁ?g%ZTa&;fgI

pol i shi ngpaethedism is fikd al tEesbhemanioc ofi dles RIS 271 €%anpl e of t he

doubl e-si de pol i shing appar at us accor
polishing é%p;¥gtus, the waglng O Qﬁ%égwﬁﬁggurlng

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 noise can be thereby reduced, and the
thickness of the wafer can be measured with higher
precision during polishing.

[0037]

Moreover, the window members are preferably made
of plastic.

In this manner, when the plastic, which is low-
cost and has excellent steadiness, is used as the window
members, a frequency of changing the window member can
be reduced, and work and cost required for the change
can be reduced.

[0038]

Moreover, a relation of £1xC;xP/100>tytLt2 and a
relation of tyny>tsns or tyny<tsns are preferably
satisfied, when a thickness of each of the window
[pm], a refractive index of each of the .

a thickness of the adhesion layer

members 1is ty
window members is ny,
is t, [pm], a thickness of the wafer is ts [pm], a
refractive index of the wafer is ns, a thickness of the
polishing pad is t: [pm], a compressibility of the
polishing pad is & [$/g/cm?], a maximum polishing load
is P [g/cm’].

In this manner, when the relation of
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invention; FIG 8 is a graph showing a relative frequency and a cunul ative
rel ative frequency of the thicknesses after polishing of 300 wafers
polished with the doubl e-si de polishing apparatus in Exanple 2 and
Conparative Exanple 3; FIG 9 is a graph showing the variation of the

t hi cknesses after polishing of wafers polished with the doubl e-side

pol i shing apparatus in Exanple 2 and Conparative Exanple 3; FIG 10 is a
schemati c vi ew showi ng an anot her exanple of the doubl e-side polishing

appar at us accordj n% to the, reﬁq%é .nvdent']p . ruding of! B8e %inabe Vi ews
foer’ c# CF% 2

showi ng ahvgutB/Ad st w'te wWend

e present invention (a) and a

condi ti on uheLe st e om ndowv peDbehihg addered toe thergpEied (TR A%l e (b);

and FIG 12 is a view of the _uF\per_ %ng\renpttl%bé e and,hepgarrier in an
app

anot her eraipséici t RNHADERL 3PHBTAON SHi

aratus according to the

present | ”V%%i Oﬁ%’ (5?}5!9 Wﬁ&ﬁ@ﬁbér@ daofbd haimaldsdedg surface. BEST

MODE FOR FA ERTON

Tn addition, when the relation of tyn.,>tsns Or

tyny<tsns is satisfied, it can be suppressed that the

measurement becomes difficult by overlap between peaks

of reflection light at the window members and reflection

light at the wafer, for example, in the case of using

laser for the measurement of the thickness

and a decrease in the precision of the measurem

be suppressed.

The wafer having a high flatness can be

consequently readily obtained while measuring the

thickness of the wafer with high precision.

[0039]

of the wafer,

ent can

As explained above, the wafer polishing method

according to the present invention enables the

improvement in the deterioration of the shape of the

wafer, such as the outer peripheral sag, due to small

changes of the polishing conditions during polishing,

the changes which are accompanied by the deterioration

of the polishing jig material such as the polishing pad

and the carrier, and the stabilization of the flatness

of each wafer can be obtained.

In addition to these, since the polishing is

performed while measuring the thickness of the wafer,

the timing of the switching of the polishing agent can

be changed on the basis of the deterioration of the

polishing jig material such as the polishing pad and the

carrier, and the target amount of the polishing stock

removal can be obtained in relatively short time.
the variation of

produétivity can be therefore improved,
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[0042] Hereinafter, the present invention will be explained in detail with
reference to the draw ngs. However, the present invention is not restricted
thereto. FIG 7 is schematic view showi ng an exanpl e of the doubl e-side
pol i shi ng apparatus according to the present invention. As shown in FIG 7,
t he doubl e-si de polishing apparatus 10 according to the present invention
includes the lower turn table 12 having the flat polishing-uppersurface 12a
rotationally driven; the upper turn table 11 having the flat
polishing-lower-surface Ha rotationally driven, the r | e bei ng
arranged wheh thacikmg stso Gae b%v@?d?u?’ﬁ¥t§’a§f“€ ; aarll'\%ut?rﬁi %fa%lir(?e(tr:@?B havi ng
t he waf er- hol di nq ;hol.e f | ding the wafer W in order to hold the wafer
W and al 86 ﬁﬁfﬁg&éélﬁﬁggﬁﬁ gfthickness-neasuring mechani sm 16 for
measuri ng il otjhi ckness of the wafer Wduring polishing. The plurality of

openings 14 for neasuring the thickness of ‘qd nchgol i shing and a
pol i shing- sl urMpreaypry rethamiSTris 5?365%§§P§§I at a side of the upper

turn table 11., [ The; yatf gh- LBbekaess: mrasish gy methad®i sm 16 may have,
for exanp%@?%%éfgggg %é?%%?icgl gﬁit 16a for radiating@%g$gﬁsto t he waf er

W a phot aedetiacimy ttbh flof cHeeest ofg thife Wai: r EFF el romthe wafer W

a laser source unit 16¢c, and_a.calcul atj 9lirupgt tA6d for cal cul ating
Ehe. Chi ClraE TofC At @S F 1 Pat ERe ot it a4 Shx bRl

thickness of the wafer with high precision without being

influenced by a measurement error as represented Dby the

vibration of the wafer during polishing, does not have a

particular waste, has a low running cost, can readily

carry out the maintenance, and can polish while

i i ' ision.
measuring the thickness of the wafer with high precisi

BRIEF DESCRIPTION OF THE DRAWINGS

[0041]
FIG. 1 is a view showing an example of a

relationship between an elapsed time from the start of

polishing the wafer and the thickness of the wafer in

case of switching on the basis of a target thickness, 1in

the wafer polishing method according to the present

invention;
FIG. 2 is a view showing an another example of a

relationship between an elapsed time from the start of

polishing the wafer and the thickness of the wafer, 1n

thé wafer polishing method according to the present

invention;
FIG. 3 is a view of comparing the flatness of the

wafers polished by the wafer polishing method of Example

1 of the present invention and Comparative Example 27
FIG. 4 is a view showing by a contour line a

surface shape of the wafer in Example 1 of the present

invention and Cdmparative Example 2;
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| aser. [0044] As described above, wh i
_ _ / _ , en the wafer-thickness- neas
gﬁgh?R;Serer;ﬁfﬁ Egb?ep?Lt;on (a fide end) except the upper ?legtable
the _ _ at are easily influenced by vibrati d
pol i shing, introducing unnecessar s, into the measur
, y data, such as noise, into th
raw data can be prevented. The i Si : Y o Teasured
\ : preci sion of the measured dat
t hereby remarkably inproved in co i i o e
. npari son with a conventi onal
and the thickness of the wafer can be apparatus,
t hus accurately nea d
Mor eover, when the plurality, of openin i o thi
, _ | ) .ngs _for i he thi
waf er are provildéd at ¥he? uppe¥ PEPHlP bP@'S?gﬁﬁ%H%oagréturn ngrgsstﬁg the

f;???enfy$§€?%fgngﬁféuEEHQQEnQEIIQﬂjﬁﬂkﬁkm@ﬂﬁecﬁmomethﬁcﬁé@@édpﬁ n
pI cul ars IS'1s preferable for the case of sinultaneaqus|y ishi
pluralitye®fismiegstha aalferchng séerdine?kNafd Pﬁlejtﬁi‘lge(‘fqiasied:rf §Tq{t eI e

measur enent can_be t [
_ eregﬁrbgpﬁgé%lu methodfrough these effects, the

r
thi cknessC@RVeRk! W et i i
essCORVERkLGRfer Ve sely seen during polishing in conparison

ith nvent i | appar at $ ewaRthoiwiegdaubl flaer Kﬁ@ﬁﬂﬁ o

M a convent | . p 4 anside pe

t her ef or e_ r ead|. Yy make the thi ckness of he pol i shed f 9 gpﬁar atus can
target t“IGK@ESSHSD®O4Btheen an elapse tige from tﬁ%‘%té?@ﬁﬁfto a

polishing the wafer and the thickness of the wafer, in a

conventional wafer polishing method;

FIG. 7 is schematic view showing an example of the

double-side polishing apparatus according to the present

invention;
FIG. 8 is a graph showing a relative frequency and

a cumulative relative frequency of the thicknesses after

polishing of 300 wafers polished with the double-side

polishing apparatus in Example 2 and Comparative Example
3;
FIG. 9 is a graph showing the variation of the

thicknesses after polishing of wafers polished with the

double-side polishing apparatus in Example 2 and

Comparative Example 3;
FIG. 10 is a schematic view showing an another

example of the double-side polishing apparatus according

to the present invention;
FIGS. 11 are views showing an outline of the

window member of the present invention (a) and a

condition where the window member is adhered to the

upper turn table (b):; and
FIG. 12 is a view of the upper turn table and the

[

carrier in an another example of the double-side

polishing apparatus according to the present invention,

as viewed from a side of the polishing surface.

BEST MODE FOR CARRYING OUT THE INVENTION
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Here; the fixed end to which the wafer-thicknessneasurin i i
Lgxgd canbbg t he housing 18 of the doubl e-side polishinggagggrg?hzh]l6 e
po ﬁscr! ed above, when the wafer-thicknessneasuring nmechanismis fixed to
? ousi ng of the doubl e-side polishing apparatus, the
g?asa-t$hpknessneasurlng nmechani sm can be protected fromvibration and
noise'intgstﬁlloms the suppression of data deterioration and of introducing
poise into !t Shneasured data of the thickness during polishing. The
Lh of the wafer can be therefore measured with higher precision
uring pollicsHizilg. It may be of course fixed to the fixed end of, for

exanpl e, the ceilinq_ f 0 LS : chi :
- C Heredn fxfe 0USE, PLtsthtsiRaentidinsadvantizge with
mai nt enance, vi P& 8N o ]?he é%ﬂgra?us and the like. [0046 Nbreocggar?héo

mafer-thiQgﬂﬂ§§iﬁ§ﬂﬁumi@gtabmhamthnmtﬁedéﬁuﬁbdgbr%h%.% PRLPHPckness of the

wafer. When the thickness of the f \M
waf er - t hi Elaresse reaki® | REEFBEHanf YA %I)hAgl%lrﬂlﬁ??'ﬁ?%ggé\ggfe@a;ﬂ}?cﬁeuta? .

t hi ckness t f - Do o .
the pol i S e te Y6l einOhELng RoblSBiRg iy rmasaxanplandtt st hi ckness of

therefore nade closer tp a tar i
can be of dmuke-4heetpotkabdsgobPRagAtYhyRFCOfd'S Omggér%nggﬁgfs-lt
Mor eover, fiﬁégﬁﬁgﬁ-thlckness-neasuring mechani sm .

As shown in FIG. 7, the double-side polishing
apparatus 10 according to the present invention includes
the lower turn table 12 having the flat polishing-upper-
surface 12a rotationally driven; the upper turn table 11
having the flat polishing—lower—surface 11la rotationally
driven, the upper turn table being arranged with facing
to the lower tﬁrn 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 wafer-
thickness-measuring mechanism 16 for measuring the
thickness of the wafer W during polishing.

The plurality of openings 14 for measuring the
thickness of the wafer during polishing and a polishing-
slurry-supply mechanism 15 are provided at a side of the

upper turn table 11.
[0043]

The wafer-thickness-measuring mechanism 16 may
have, for example, at least an optical unit 16a for

radiating laser to the wafer W, a photo detector 16b for

detecting the laser reflected from the wafer W, a laser
‘'source unit 16c, and a calculation/control unit l16d for

calculating the thickness of the wafer from the detected

laser.

[0044]
As described above, when the wafer-thickness-—

measuring mechanism is fixed to a portion (a fixed end)
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16 can have the apparatus of the wavel ength-variableinfrared | aser having a
light transmttabl e wavel ength through the wafer. As descri bed above, when
t he apparatus of a wavel ength-variable-infrared |aser having a |ight
transmttabl e wavel ength through the wafer is used as the

waf er -t hi ckness-nmeasuring nechanism a situation can be anal yzed, in which
front-surface reflecting light reflected fromthe front surface of the
waf er and back-surface reflecting light reflected fromthe back surface of

the wafer, out of the input_|ase t he r, [ fefigde The
t hi ckness e#CePfie HRS é%pfé%h B‘érf‘héf‘égfi 8\93},\?51%& ue'rerl nﬂg]hg%lﬁhi ng with

preci si on qf,an,,Qr ders of y MegRh hiudeeal by e manooet énsing BoAdsHdIEh
m croneters. In addition to this, when the apparatus o{héhe
wavel engt Hnraridatyl ieng ninme edsbasyr dp§aus84Cha gy SHt i £ 1 €1 ehce 'of t he

t hi ckness of the fer to_be | {.sh > mgpged- i Lihmngifhg the
wavel engt er&,sqﬁrfsv%réq%a bgglgnlﬁét ?ggﬁgﬂgeﬁaght so?rice i tsel f does not

need to begpeghangad,rdheigost caanbbe thhusbye et k004 8InTHRV YAV elengt h of

the | aser can be 1575 to 1775 nm As descri bedar%)oe/ﬁe when the | aser

having a wavelaerigtdn ofitls78 £enYensinRAls 3pRaF 2 W Hect'ease Tn the strength
of the reflected |aser, i I aused kndidhe ahseipilpmmebsarpdrt of the
measur i ngtlhéLscé?nelsnst o h%ﬁ\gmgg;fbgng the pol iushi ng slurry, can be suppressed,
and the thicknessrebviche wifen chaa peunaistye® twWoRSTHITES gr¥Ti si on. [ 0049]

The plurality of openings 14 can be _provi i t 4l yrspaeed at
t he peripﬁ@ﬁFQﬁqu“;QﬁuﬁﬁlFﬁpﬁss 0P LRE %%%é% JE&H@P&@QH@

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 polished wafer close to a target

thickness.
[0045]
Here, the fixed end to which the wafer-thickness-

measuring mechanism 16 is fixed can be the housing 18 of

the double-side polishing apparatus.
As described above, when the wafer—-thickness-

measuring mechanism is fixed to the housing of the

double-side polishing apparatus, the wafer—-thickness-
measuring mechanism can be protected from vibration and
stain. This allows the suppression of data

deterioration and of introducing noise into the measured

data of the thickness during polishing. The thickness

of the wafer can be therefore measured with higher
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table 11. As descri bed above, when the plurality of openings are provided
with themequally spaced at the upper turn table, the | eak of the polishing
slurry through each of the plurality of openings for the nmeasurenment can be
suppressed, and the mai ntenance of the turn tables thereby readily carried
out. In addition, a risk of a neasuring problemof the thickness of the

waf er can be suppressed. For exanple, in the four-way doubl e-side polishing
apparatus, it is advantageous to nmeasure the thicknesses of all wafers.

[0050] In the case of changing at |east_one of a palishi load.qa rotation
speed of pheaﬂﬂﬂantdnﬂﬂn%&@@?aiblagrotéFi8ﬁy58§e58%f§gﬁggidﬁér turn table

12 during_pol iqsehi]tnxgg,e& hgngp({ggr EYLnctal s Ll angl ¢delinyeott ar hovss.e 12
e

can be cohtrdi installThg a polishing control unit 17 as illustrated
in the doyhlre-tsiide haol 4 sii agdapphegeuy it rEEazd 124831 8he"8FCE  pol i shing
| oad, a rotation speed of the ugger turn t%ﬁielﬁﬁe a rotation speed of the
| oner t ur witateorp canthe 2RRRERyUShARGed " Accordi ngly, an appropri ate
response %%%4Q§ 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, thmoﬁb@wgﬁs\Mﬁ&ﬁW%ﬁ%ﬁpth@&nﬁﬁéﬁFFﬁ§Wﬁ%ﬁﬂu&ﬁFQ$ﬁ%§%ess of

the wafer during polishing of.th fer..Jdhes waleryhayving a very high
flatness &P 37 UFFHLES a t%?l%ofp\é\%ikﬁgscsan e ther eby stably obtained.
[ 0051] When the thickness of the wafer measured with the

wafer-thickness-measuring mechanism is the bulk

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 .SOI layer of a

SOOI wafer.

[0047]
Moreover, the wafer—-thickness-measuring mechanism

16 can have the apparatus of the wavelength-variable-

infrared laser having a light transmittable wavelength

through the wafer.

As described above, when the apparatus of a
wavelength—variable—infrared laser having a light
transmittable wavelength through the wafer is used as
the wafer—-thickness-measuring mechanism, a situation can
be analyzed, in which front-surface reflecting light
reflected from the front surface of the wafer and back-
surface reflecting light reflected from the back surface
of the wafer, out of the input laser to the wafer, are
interfered. The thickness of the wafer can be thereby
evaluated during polishing with precision of an order of
magnitude of a few nanometers to some dozen micrometers.

In addition to this, when the apparatus of the
wavelength-variable—infrared laser is used, a great

difference of the thickness of the wafer to be polished
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An anot her preferred enbodi nent of the doubl e-side polishing apparatus

according to the present invention will be explained in detail with

reference to FIG 10, FIG 11, and FIG 12. FIG 10 is a schematic view

showi ng an anot her exanpl e of the doubl e-side polishing apparatus accordi ng

to the present invention. FIGS. 11 are views show ng an outline of the

wi ndow nenber of the present invention and a condition where the w ndow

menber is attached to the upper turn table. [0052] The doubl e-side

pol i shing apparatus 10" includes at |least: the | ower tur a 2 having

the flat pehi diei mpnassst -Rr $ageIind Fo€at'do; qwéﬂﬁ?i?/gn?h% h%%%%er turn

table 11 having .t I ol i shing- urfrace hads@s atdbonaéey doiven, the

upper turrtrotgb é‘r%%t{fe?atrlrbcpa%rggggg \%\n'g}ﬁﬁ%%aci ng to the lower turn table 12;

the carrige thadtapdyg tine wedst - dah dbagthobe regiudsst-di ng the wafer W the

plurality of openings 14 provided at the upper turn table 11; the

waf er - t hi dRRSS- measuring mechani sm 16 for neasuring the thickness of the

waf er W throught he Rhwm)dr Yo of tREenkbres khardusénySpsl EshiligSi mm.eal

time; and the polishing-slurry-supply nmechani sm 15 for supplying the

pol i shing slurris describEt Pedvehi Wgepalhri baseathat %0 the polishing

surface of the u rotur bl e t | i,shd LRgepravicded with
W@ﬁﬁhi%ﬁ‘sf%igl gpgéfwts 0f AY LAUAY PadebeLas

t he hol es VR han that of the openings 14 at

posi tions sq;qrern?mprmﬁ Nthé Or& Reepkuralliatsy rof wdpieri ngs ¢dusddebpokishi ng pad
12b is attached to the polishing surface of the Iﬁwer tur t@P e 12. The

wi ndow nemribeos pIgl aad g aPAF Anefet MPaf§érs Wi t hat < b *pror & |l§ty of the

openi ngs 14 and I : holas we § pekissbijngnpad |1 b and
havi ng a f“’r“i‘ifgelgnea:r{s@t%%nr%?f?ﬁggﬂ%glutg?%t he pol i shilﬁgppad lib |s attached

to the pokinehivig Sirtesofof hehpl wedkirt gaof beparpdgsrad vhEBuBAIfhe adhesi on
| ayer 20. The w ndow nenbers 19 are separated fromthe polishing pad |lb
and are fPY¥F49 e upper turn table 11 through the adhesion |ayer 20.

[ 0053] [004AS with FIG 7, the wafer-thickness-neasuring nmechani sm 16

may have, for exanple, at |east_the optical unit 16a for radiat] | aser to

the wafer W thé‘hﬁh@tl@r@é{lé'c‘{o?f1%e‘Png8elléctciaﬁb]q%é”f%‘élec?&rlZ‘H{ggt ed from

t he waf er t he [ 6¢.crahdhe sal enkatpparcantnol unit
s S P Rt o e e

16d for c n ess of the wafer fromthe detected |aser.
[ 0054] tableSilice the above-descri bed doubl e-si de polishing apparatus has

the structure where the .w ndow nenber nd,the 1Rl d shi g pash &k engepar at ed,
it is not neces&&ryetE sy reé% %%V%bl‘i@ ?ngh%a Vi ng %n uﬁ%(pi red lifetime

by changi ngd ha anl de dargedt wendewuadtyersparetl aat r ehaeHBpesf te¥H&ngi ng t he

pol i shing pad can be greatly reduced. A, waste of t |.shl can be
t her eby grtedliey r’fétﬁjcjé%ﬁkl?l%{pép?i BBSéF,hltnﬁe Sp]r%%%%tpﬁﬁgghh (g)hege??gr s an

accurate r{%ﬁeSLH titt&)’ &fog'%ghg]g theop! whal iMea ofiréhenopeanngs f or
measuring t lh| ckness of the wa?er and the pl uralitx of Ehe wi ndows, and
this i s thkepgimrssed, and the maintenance of the turn tables

thereby readily carried out. 1In addition, a risk of a
measuring problem of the thickness of the wafer can be
suppressed. For example, in the four-way double-side
polishing apparatus, it is advantageous to measure the
thicknesses of all wafers.

[0050]

In the case of changing at least one of a
polishing load, a rotation speed of the upper turn table
11, a rotation speed of the lower turn table 12 during
polishing, the upper turn table 11 and the lower turn
table 12 can be controlled by installing a polishing

control unit 17 as illustrated in the double-side
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strongly demanded. The doubl e-si de polishing apparatus al so has the
structure where the only wi ndow nenber can be attached to the turn tables.
The change is thereby easy, and the nmi ntenance is al so easy.

Mor eover, by nmeasuring the thickness of the wafer during polishing with the
waf er -t hi ckness-nmeasuri ng nechani sm the polishing can be stopped when the
t hi ckness of the wafer during the polishing reaches a target thickness, an
occurrence of surface roughness of the wafer due to excess or deficiency of
t he polishing can be presented, and a flat wafer can§§§ obt 'nqg~ 0055]
Here, an adfiesinngloubparavasedOtap8hisapr dEe8dbIAPS L P he® adhesi on

| ayer 20. The w ndow nenber n_b i t ed1bby the adhesive
doubl e codtd t ghet O Hh P ?Qeggwfggg € %ﬁﬁh di%?%ﬁ}ég§£ce tKe adhesi ve

doubl e cogtad tane isethi Hrapdei twenevennessbse shal canthe VAPT&PYon of an
attached angle 1s so small that it can be ignored. For reasons of this,
when an opthacajedystem i s used as the wafer-thickness-neasuring mechani sm

an adjustment of the attachne i espeet AR ddghtamxbs msdaot
necessary, and ﬁﬁ§9ﬁé%ﬁé§%bd%%e§béggFer. [0056€%, As shown in FIG
12, in Wh@ﬁhﬂﬁg%L@@@rchgﬁgebabhepblﬂﬂhiﬁdECQﬁﬁlt€®n§3d9?et§h5ﬁﬁ as vi ened

froma side of the polishing surface, the plurality. ings+}4 can be
provi ded wetenheniefenl Py gbéc@@%ﬁsqﬁﬂg qrﬂ%ﬁ3¥%$itgggﬁpggrtturn t abl e.

As descri hed .ahov n ecpkuraldftie of apentngsgasewpioni dee¢ at the
upper tLHfPéié%é%ﬁ?héggigﬁgtﬁg wi ndow nmenbers are al so fixed tq the upper
turn tabl @rded nepsnr ehagaeasurads|tivigknesk ahdtPRe"RIfRE PSSP

necessary, a splashed_po|i shi sl u L0l yacleapedight h wat er
when t he AHdoW FRIbef Féecﬂﬁggéd, ghé gﬁgk%gfﬁtené%c% becgneéggasy.

flatness on the surface after polishing can be thereby
stably obtained.

[0051]
An another preferred embodiment of the double-side

polishing apparatus according to the present invention

will be explained in detail with reference to FIG. 10,
FIG. 11, and FIG. 12. FIG. 10 is a schematic view

showing an another example of the double-side polishing

apparatus according to the present invention. FIGS. 11

are views showing an outline of the window member of the

present invention and a condition where the window
member is attached to the upper turn table.
[0052]

The double-side polishing apparatus 10' includes
at least: the lower turn table 12 having the flat
polishing-upper-surface 12a rotationally driven; the
uppervturn table 11 having the flat polishing-lower-—

surface 1lla rotationally driven, the upper turn table 11

being arranged with facing to the lower turn table 12;
the carrier 13 having the wafer-holding hole for holding
the wafer W; the plurality of openings 14 provided at
the upper turn table 11; the wafer-thickness-measuring

mechanism 16 for measuring the thickness of the wafer W
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[ 0057] The waf er-thi ckness-neasuring nmechanism 16 is desirably fixed to the
fi xed end except a body of the doubl e-side polishing apparatus 10" in a
vertical direction from above the upper turn table 11 or from bel ow t he

| ower turn table 12 of the doubl e-side polishing apparatus 10° w th keeping
a distance to safely operate for a worker. In this way, the

waf ert hi ckness-neasuring nmechanismis prevented fromrotating together with
the upper turn table or the lower turn table, and the

waf er -t hi ckness-nmeasuri ng nechani smcan be thereby hard to,be.infl.uenced by
t he vi br atdmrowsh ttiee upbera and vl mﬁeroptamﬁanbhAesdu#h%gtﬂ?gkﬁﬁéggofmt he

waf er can be therefpre nmeasured.wi th hj 18,907 v Re@fgdht kAN1E0 this,
cont am natisGnt dud¢o #HE pBFi SRt ¢ ﬁ%}éﬁi 5%5 Raliced by keepi ng sone

di stances.¢ 0058, o1& @ﬁe""FUliE_'h@nng]Idlﬁ:W\af er-thi ckness- neasuring
nmechani sm can neasure The bulk thickness of th fer. \Vhen %Pghiﬁéckness

of the wafer medhe abliishinhepadf &ibt AscRAESCNAHSE i HY e¥hani snti s t he
bul k thicknes§%ﬂ%n?ﬁféﬁgluég%%k@§¥i fag¢§3y¥g6¥hgu§bmgsﬁghbsbbﬁg is

measur ed, nes the polished wafer can be therefore nmade
closer top iy gstothiginessh [tB@SHoles havidsg wht AiFmetey, lppger

waf er -t hi ckness-neasuri ng nechani sm ca ave t he. appar
mavelengtHﬂ&ﬁia%métiﬁfrég§d0P§§éP9ﬁmﬁ4kghiH?iﬁﬁl?$§n§§%?§§gﬁgbagﬁélength

through the wafer., a7t A%fd%iﬁﬁhﬁﬁﬂga@pyeﬂjWDQﬂalh@hﬁp@apadu§2bf a
wavel engt h-variabl e-1nfrared | aser having a light transmttabl e wavel ength
t hrough t hiss wet eachsdusedths plod Wedfiars thiehaes sOfehBbr LRYSFedidl sm a

situation can be analyzed,.in which. fraqnt.- refheghipgyl i ght
reflected 53kR the: fr %h?&ggemgpbfﬁ% dﬁ?g%ggﬁggback-surface reflecting

light reflected - fEoant brabask purdradel wof dhechaf ependogsofl 4t B&d nput | aser
to the wafer,” are interfered. The thickness ofhthe lg L a%a@e tiher eby
measured duwd Weepothahi Bhati of phecing s ot ahor B85 g Plude of a f ew

nanonEter%gé)ﬁ%@@hgogeghgkﬁhg@g(yﬁinner than that of the
polishing pad 1lb is attached to the polishing side of
the plurality of openings 14 through the adhesion layer
20. The window members 19 are separated from the
polishing pad 1lb and are fixed to the upper turn table
11 through the adhesion layer 20.

[0053]
As with FIG. 7, the wafer-thickness-measuring

mechanism 16 may have, for example, at least the optical
unit 16a for radiating laser to the wafer W, the photo
detector 16b for detecting the laser reflected from the
wafer W, the laser source unit 16¢c, and the
calculation/control unit 16d for calculating the

_ thickness of the wafer from the detected laser.
[0054]

Since the above-described double-side polishing
apparatus has the structure where the window members and
the polishing pad are separated, it is not necessary to
scrap the polishing pad having an unexpired lifetime by
changing the only damaged window member, and a frequency

of changihg the polishing pad can be greatly reduced. A
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In addition to this, when the apparatus of the wavel ength-vari abl e-infrared
| aser is used, a great difference of the thickness of the wafer to be.
pol i shed can be nanaged by changing the wavel ength of the |aser to be
input, and the light source itself does not need to be changed. The cost

can be thus reduced. [0060] Mor eover, the w ndow nmenbers can be
light transmttable by the |aser radiated fromthe apparatus of a
wavel engt h-vari abl e-infrared | aser. As descri bed above, when the

wi ndow mephers icE ldightpdIiasisigt phiechy tlee thesmhy ayxkeeilse in strength
of the measuring |aser due to the absogﬁtion gnd reflectiono}rO £ | aser by

the wi ndoweREdsets dan PEe tiiprass et ® TRESERPEKAEYE S Thé St can be
t her eby nggsgy%ﬁfggé1Agﬁiygeﬁéﬁgigypgrodygyx@ the pluddleiwwndew nmenbers
made of plastic. re, t

can be I's W ndow nenbers made of plastic include a
film madetat plpastirggs for medbusimgntbew rvissms sfadet ofhol B3EPE has

excel | ent steadi ness, and a fpeguenc f changi ts i gher can be
t hereby r@ddcéde Bt '%§¥n€£sFREeW¥P89¥8vOﬁ§%£§¥P-|ﬁ§i¥ﬁ%%€§quired f or

t he changgggﬁ%gpgwagﬁgﬁggd[0062] Here, the relation of

tixcixP/1 and the relation of twiw>tsns or twnw<tsns can be
satisfied, whenThet Hogkdess isfe aurhi 911RHeaRPAISH SeRIeS 18S tWpni, a

refractive_i ndex of each of the wn ' t hi of the
eheeson BayBrtie S5 Vol [pLindRER iR o o B, iy choea

a
refractiveol rteX tafrit hexpefer imhéischanghi cknessrebyt ke ol iakd nghead is t
[pm, a conpressibility of the polishing pad is C2 [96/g/cn2], a maximum
pol i shi ngmeéagenaneq gicmyS© €asyY- As descri bed above, when the relation

of tixcixP/100> $ s@li sfdedirihe PREt EHdibRacels UTe thiendaxt eenber s
fromthe polishpﬁggégg i'n %Le dirééﬁ?%n of the thickness can be suppressed

duri ng podishingg podricsttiney detehi ohat Wafest thHE FIRTERAPIL1RE wafer at the

wi ndow nenbers can be suppressed. Th fer ' £xggll ent flatness
can be t HBFEPGNd Gt diffed o1 TSihg| 480y th&%&*&ﬂ%n the relation of

t WnW>t SNS+ QR clkwRwst IE e Sadfsfi @drihty car pelsigipimesseektihas det ect ed
strength is decreased by the overl ap betwee pea@; of the ﬂgélgcgkon | i ght
at the wi hasaeieRherckEiP 1 " rRFFREEFEBAS Oght>Httd%e WaT %t Fdr “exanpl e,

in the cagg.of,YsiNGasey d0kcsbesprasytenrmicyofoft hehd hheknessngf the
waf er. The thickness of the wafer can be )
can be presented, and a flat wafer can be obtained.

[0055]

Here, an adhesive double coated tape is preferably
used as the adhesion layer 20.

The window member can be readily attached by the
adhesive double coated tape, and it is low-cost. 1In
addition, since the adhesive double coated tape is thin
and its unevenness is small, the Variétion of an
attached angle is so small that it can be ignored. For
reasons of this, when an optical system is used as the
wafer—thickness-measuring mechanism, an adjustment of
the attachment with respect to a light gxis is not
necessary, and the change becomes easier.

[0056]

As shown in FIG. 12, in which the upper turn table

11 and the carrier 13 are shown as viewed from a side of

the polishing surface, the plurality of openings 14 can
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therefore neasured with higher precision. [0063] Hereinafter, the wafer
~polishing nmethod according to the present invention by using the

above-descri bed doubl e-si de polishing apparatus will be explained in
detail. However, the present invention is not restricted thereto. [0064]
First, the wafer to be polished is set to the carrier. The wafer is

held with the polishing-lower-surface of the upper turn table,

pol i shi ng-upper-surface of the lower turn table, and the carrier, and the
polishing is started while supplying the polishing slurry and rotating the
upper turgetggbﬁi@@@tdﬁtHCWWmmtaqnaﬂéblépaﬁ©§Iﬁﬁi%ﬁﬁn&ggﬁéhﬁﬁx ?%065]

In this case, the polishing is perfornmed while neasuring the thickness of
t he waf er thir opge Tt Hel gl *?y of openings provided at the upper turn
table or the |oyer jLur it &pove, whdhethbi phness igly tdfe agerermTan be

t hereby seen during the polishing w thout stappin the.$oléﬁging and in
par ti cul ap rthe rdviicknesst ofhé¢ heppafre uddr LA e 3% shihg"Can be seen at

any tinme. Wether the thickness_re ayar et ht gknessbdé, t he wafer
can be th@ﬁ@@@%|ﬂﬁﬁ9?@ﬁﬂ?%§p8i?8r%ﬁ%§%t%g poligﬂﬁ%g. That is, whether the

t hi ckness  feaghes §,& ¢l 96t hhisakness lefak herdwafiee thkebésj D8Ged wit hout

st oppi ng the polishing, and the tine required for th | i shiume..can be
Consequenhbwééahnxng splashed polishing ;iurry ¢ B8 k@QHQQy

cleaned with water when the window member 1is changed,
and the maintenance becomes easy.

[0057]
The wafer-thickness-measuring mechanism 16 1s

desirably fixed to the fixed end except a body of the

double-side polishing apparatus 10' in a vertical

direction from above the upper turn table 11 or from

below the lower turn table 12 of the double-side

polishing apparatus 10' with keeping a distance to

safely operate for a worker. In this way, the wafer-

thickness-measuring mechanism is prevented from rotating

together with the upper turn table or the lower turn

m can

of the

table, and the wafer-thickness-measuring mechanis

pe thereby hard to be influenced by the vibration
upper and lower turn tables. The thickness of the wafer
can be therefore measured with high precision. 1In

addition to this, contamination due to the polishing
slurry can be reduced by keeping some distances.
[0058]

Here, as with FIG. 7, the wafer-thickness-—

measuring mechanism can measure the bulk thickness of

the wafer.
When the thickness of the wafer measured with the
wafer-thickness-measuring mechanism is the bulk

thickness, an actual thickness of the wafer during

polishing is measured, and the thickness of the polished
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In addition to these, since the wafer can be polished into a target

t hi ckness without predetermning the polishing tine, the excess or
deficiency of the polishing does not occur, and the deterioration of the

fl at ness can be suppressed. That is, this can al so manage the deterioration
of the polishing pad and the like. [0066] In the wafer polishing nethod
according to the present invention, the polishing slurry is switched with a
polishing slurry having a different polishing rate with a certain timng.

For exanpl e - the waf.er | Ly ' @ Nh gBakake WhikkhkRes.
poIishing%ﬁﬁﬁ$§p%§Jﬁég£§e%gg%980ﬁggk%ﬁgﬁggﬁé at theabgginning of the
pol i shing [0@5x®Ndi tion of a high polishing rate). Thereafter, it is
changed, for exanple, when the thickness of. the wafer bec a target
thickness y. |n?thid%hanidge, thetpsl Y%EFHQLEFSEP?SFS E3h cﬂ%ﬁgwth a
pol i shi ng sl uy4y; fHaving RatowRel behiana that & duHageahelpabtshing to

precisely polish the wafer at a lowrate (a condition of a |ow polishing
rate). Theapuldlsheninfeihed hssdesbeivbed @bdvighdndpragsgittable
wavelength through the wafer.

As described above, when the apparatus of a
wavelength-variable-infrared laser having a light
transmittable wavelength through the wafer is used as
the wafer-thickness-measuring mechanism, a situation can
be analyzed, in which front-surface reflecting light
reflected from the front surface of the wafer and back-
surface reflecting light reflected from the back surface
of the wafer, out of the input laser to the wafer, are
interfered. The thickness of the wafer can be thereby
measured during polishing with precision of an order of
magnitude of a few nanometers fo some dozen micrometers.

In addition to this, when the apparatus of the
wavelength-variable-infrared laser 1is used, a great
difference of the thickness of the wafer to be polished
can be managed by changing the wavelength of the laser
to be input, and the light source itself does not need
to be changed. The cost can be thﬁs reduced.

[0060]

Moreover, the window members can be light
transmittable by the laser radiated from the apparatus
of a wavelength-variable-infrared laser.

As described above, when the window members is
light transmittable by the laser, a decrease in strength
of the measuring laser due to the absorption and
reflection of the laser by the window members can be

suppressed. The thickness of the wafer can be thereby

measured with higher precision.
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total tinme required for polishing the wafer to be reduced. The polishing in
a finishing stage is perfornmed after changing with the polishing slurry
havi ng a hi gh polishing precision, and the flatness of the polished wafer
is not thereby sacrificed. The wafer having a high flatness and a high
snoot hness can be therefore obtained at high productivity. [0067] In this
case of the present invention, the thickness of the wafer is neasured
through the plurality of openings. Therefore, even when a plurality of

waf ers are sinultaneously polished in a batch-w se manner, the thicknesses
of all waf@P&ldan be neasured, the thicknesses can be measured with high

preci sion, and Lshi bedhesehyaperdor pedsuiith hHghepreci si on.
[0068] Here, thgﬁghggbﬁggﬁ%@% 3

t he wafer can be neasured t%ﬁouqﬂm§$e
pl ural i t ytak sopemideys membe meduade t 08 Dppek LEudh 4 t'he t hi ckness
of the wafer is neasured through the plurality of openings provided at the
upper t ur Aft BBRPEL 1he openi ngs can be arranged above the wafer, the | eak of

the polishing skysLy.ganohe rchyeahy wappressetiasThe heasgreeddainist the
| eak is not therefore necessary, and the naintenanqﬁ%of th g urn t abl es
t

consequentkyabdoerss aasy.a AERJueneyt REcKRETSIOP (HE whf'er  can be of

cour 3. oasod LY OUal 316 1 PLLAGRL OPATLBS ey i T ove

low-cost, the cost required for the change can be

reduced.

[0062]

Here, the relation of t1xCi1xP/100>tutt2 and the
relation of tyn.>tsns or tyn,<tsns can be satisfied, when
a thickness of each of the window members is ty [pm]l, a

refractive index of each of the window members 1S Dy, a

thickness of the adhesion layer is t, [pm], a thickness

"of the wafer is tg [pm], a refractive index of the wafer
is ns, a thickness of the polishing pad is ti [um], a
compressibility of the polishing pad is &1 [$/g/cm®], a

maximum polishing load is P [g/cmz].

As described above, when the relation of
tix€1xP/100>t,+t2 is satisfied, the protruding of the
window members from the polishing pad in the direction
of the thickness can be suppressed during polishing, and
the deterioration of the flatness of the wafer at the
window members can be suppressed. The wafer having an
excellent flatness can be therefore obtained.

In addition, when the relation of tyn,>tsns Or
t,n.,<tsns is satisfied, it can be suppressed that
detected strength is decreased by the overlap between
peaks of the reflection light at the window members and
the reflection light at the wafer, for example, in the

case of using laser for the measurement of the thickness

of the wafer. The thickness of the wafer can be
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[ 0069] The nethod of neasuring the thickness of the wafer. can be an optical
reflection interferonetry by a wavel engt h-vari able-infrared | aser. The

t hi ckness of the wafer can be neasured with high precision by the
above-descri bed optical reflection interferonetrY, in which wavel ength

di spersion of the reflection (a reflection spectrum: a situation of
interference of light reflected froma front surface and a back surface of
the wafer) is reconfigured fromreflection strength of highly

wavel engt h- swept "wavel en varj abl.esinfrar on the rface of the
waf er, gn& hg &t pé&ﬁéﬁﬁﬁ%ﬁé&?sV§£b R&%PFle %gﬁggﬁﬁﬁ;ﬂﬂ In thesgresent

|nvent|on ook jti mng of the switching of the polishing slurry can be
deternlneé on the basis of at |east one of the elaptgﬁgflne fQPn1t The
pol i shi ng condlHeaﬁsna§¢@ﬁha§ﬂﬁhéﬂ$%¢¥sHPﬁ@SPéPQ g€ Vity due to

the deteriora eor;])roefsetnh:el_‘ggvéﬁpigg bbr %H_Ltngg't"ﬂe %@dé@@rﬂ@é@sm ng pad

and the c&Fr ent invention, the polishing is

perfornedddmdyé4gmagéﬁéﬂysmfﬁguappgrahastMMﬂ¢uh§;Qﬁplhéﬂﬂéfé@ t hrough the

lurality of openings one by one.
P Y etaJi ﬁ%wever,)%he present invention is not

restricted thereto.
- [0064]

First, the wafer to be polished is set to the.
carrier.

The wafer is held with the polishing-lower-surface
of the upper turn table, polishing-upper-surface of the
lower turn table, and the carrier, and the polishing is
started while supplying the polishing slurry and
rotating the upper turn table and the lower turn table
in a horizontal plane.

[0065]
In this case, the polishing is performed while

measuring the thickness of the wafer through the
plurality of openings provided at the upper turn table
or the lower turn table.

The thickness of the wafer can be thereby seen
during the polishing without stopping the polishing and
in particular the thickness of the wafer during the
polishing can be seen at any time. Whether the
thickness reaches to a target thickness of the wafer can
be thereby judged while performing the polishing. That
is, whéther the thickness reaches to a target thickness
of the wafer can be judged without stopping the
polishing, and the time required for the polishing can
be consequently reduced.

In addition to these, since the wafer can be

polished into a target thickness without predetermining
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Therefore, an appropriate response can be nmade according to circunstances
agai nst small changes in the polishing conditions of the wafer by using the
lifetime of the polishing pad, the elapsed tinme fromthe start of the
polishing, the polishing rate, the polishing stock renpval for determning
the timng of the swtching of the polishing slurry. The shape of the

pol i shed wafer can be thereby stably nade flat with high precision, and
particularly the outer peripheral sag can be inproved. In addition to this,
t he thickness of the wafer can be readily nade a t,ar%et t it%l%ness. [0071]

m nutely anRg {gbeelsyiim@artgiemb,dutm@gexﬁésféopifsﬁlﬁﬁé.‘:lﬁﬁ dppropriate response
can be therefore made agai nst the_ch esyLn iz$hiorg ocorddid i ons
during thEObéPhéﬁﬁnGO@fs tTHe® M?%?F'T%ggmgpgr dtﬁg\%irﬁglﬂa very high flatness on
t he surfag?aggggl’s RQlH S NGy sPe BSegONSERaENiEY bbisi Aed. al6072] I n
the present invention, the wafer can _be polished.in aalglata Wise manner.
The waf ermpabiyshithg et tteod @ezbi @nngtt Bhteht?ogrlé 9 iffvent i on enabl es a
flat wafer .to be manufactured at high productivity. The productivity can be
nor e irrpré\lféa'by polishing in a batch-w se manner. [0073] Here, the
case of clﬁggggr}g the timng of the switching of the polishing slurry on the
basis of the lifetinme of the polishjn ad, wi.l | |l ai-ned Han detail with
reference to théndeh@i h’g‘isf,eIbLROthl‘%hH?‘gs’gﬁghPﬁvgﬁtglggﬁ)ilﬂ r?%fo; cpg{mse
restricted _thereta. . o AS nLi,9Red 130w udhe id wigcofied hél§{i t chi ng
can be al E5e§ﬁ§’(§g§éwoenmijh%nba§ﬁ§ %?Qt he _e:égpsed time fromthe start of the
pol i shinga tphe ipdlishisigurayehavhagpel ddHi e o H VAT, AR can be of
course changed by conbj ni ng these. [0074] FIG 1 will be first

expl ai nedvifhGa fqrstaa”?/ite%“%ﬂgw ng an exanpl e of the relationship between
the el apsed tinp,framanhe &t atie Ofaporki shi mguohd ywaicdit shff! t¥He 4 hi ckness of

the wafer in case of determning the tim.ng of the swtchi on the basis
of a targatighhirekeegsith nthﬁep@/gﬁéplﬁ‘@l iss]fﬁq:rfgy r%"’t“ﬁlorg(wa%:cor(glﬂng to
polishing rate at the beginning of the polishing (a

condition of a high polishing rate). Thereafter, it 1s

changed, for example, when the thickness of the wafer

becomes a target thickness y. In this change, the

polishing slurry is switched with a polishing slurry

having a low polishing rate during the polishing to

precisely polish the wafer at a low rate (a condition of

a low polishing rate).

The polishing method as described above enables a

total time required for polishing the wafer to be

reduced. The polishing in a finishing stage 1is

performed after changing with the polishing slurry
having a high polishing precision, and the flatness of

the polished wafer is not thereby sacrificed. The wafer

having a high flatness and a high smoothness can be

therefore obtained at high productivity.

[0067]
In this case of the present invention, the

thickness of the wafer is measured through the plurality

of openings. Therefore, even when a plurality of wafers

are simultaneously polished in a batch-wise manner, the
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t he present invention. As descri bed above, since the polishing is
performed while neasuring the thickness at any tine, the slurry can be
surely changed at a predeterm ned target thickness, and the wafer having
the thickness with no variation can be finally obtained. (0075]

this case, stage is perforned is apt to deteriorate. needs to be adjusted

In

by performng lowrate polishing in a second stage for a long tine. On the
ot her hand, when the polishing rate of the high rate polishing in a first

stage is decreased due to the deterioratian of thepoldwghing pad, it takes
b6t R RBACER Penage s

a long tiwRicknessas £ 8d“thi ckness,

ut the wafer shape

fundament akl;y.,hecones a00d,e Theavatesn &hamehm@hlyiédiﬁ%%%d_$%¢ &h€hort
time by the Towrate polishing in a second stagg#bg?ﬂﬁﬁgéﬁe&psigg_case of
[

swi t chi ngpiohe ssiiurg ycamllye obh e hebBadrs formMatk %

pol i shing stock renoval as described above, the deteriorated shape in the

ness or the

first stad@oégﬁnot be conpletely repaired by the second stage in, sone
cases, the firsyeard seeonth potishsngf maebwagert eoredS FegstEsdessi vel y
long tine, and thus further inprovenent is re uire§%d[QQ7§Lelgp¥g@m10f

this, for téwamgte the shbwiatkl 6F 9P g &5tV 1

e target thickness a for

t he finishiqglto yﬂg target thickness y for a first polishing slurry can be

automatic
1
turn table, the openings can be arranged above t

the leak of the polishing slurry can be thereby

suppressed. The measure against the leak is not

that in FIG

through the plurality of openings provided at the upper
he wafer,

therefore necessary, and the maintenance of the turn

tables consequently becomes easy. Also,

the thickness

of the wafer can be of course measured through the

plurality of openings provided at the lower turn table.

[0069]

The method of measuring the thickness of the wafer

can be an optical reflection interferometry by a

wavelength—variable—infrared laser.

The thickness of the wafer can be measured with

high precision by the abov

e—described optical reflection

interferometry, in which wavelength dispersion of the

reflection (a reflection spectrum :

interference of light reflected fro

a back surface of the wafer) is reconfigured from

reflection strength of highly wavelength-swept

"wavelength—variable—infrared laser

a situation of

m a front surface and

" on the surface of

the wafer, and a frequency analysis is carried out.

[0070]

In the present invention, the timing of the

switching of the polishing slurry can be determined on

the basis of at least one of the elapsed time from the
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This deterioration of the polishing pad is determ ned by the polishing rate
cal cul ated fromthe thickness data obtai ned by the neasurenent of the

t hi ckness during the polishing. In addition, the relationship between the
polishing rate and a total polishing tinme is accunul ated by using the sane
type of polishing pad in advance, and a correspondence table of an average
polishing rate and the total polishing time, and swi tching conditions of
the polishing slurry having a high rate and the polishing slurry having a
low rate can be prelimnarily made. [0077] In this case, the polishing of

t he mafers£§rgi5§ttgga@@y$sﬁﬂﬂ§;fﬁhqxpdbh$hgngatét§mdtbﬁe total polishing
time are nonitored at any tinme by measuring tge EQEC%@G§§E§§lﬂ§K§ﬁM§fer
during t hgopbkhshigngtortlerrendied ardfed TP ckhESS y can be automatically
changed appropriately with reference to the known correspondence table and
condi ti onPegbl e. [0078] For exanple, since the polishing nabe is high in an
‘early stage of the pbleshimgmemditie oyl i shiply padtis B ArE8dY %0 use, it is
polished at a higher rate by using,the_polishi : havidwm ehdigh
polishingraaeeprﬁ@qJﬂ%ﬁﬁr¢kﬁ%%%é§§ayt$s£g§cg%iﬁ%ﬁ%ﬁ%&ﬁ to be as thin as
possi bl e, and &Orn e’g%{lﬁ'rﬁt'fiéf S8h ahsytheWpen iisthiingy stabidangebhNafter a
certain tP 15 %sgé, e polishing stock renoval by the polishing slurry
havi ng a Brghkipel.ishing rate is increased, and it is set at 72, for

exanple. Wien the lifetine i,s close ta 't gRdidHe taeppradsshiofgthe
deterioration oﬁOWﬁgeﬁoH¥ﬂﬂ§%f[ﬁﬁf%ﬁéﬁtﬂﬁvpolﬁshin rate starts t?
Zqh

decrease, ;N6 ,2196led Nikknesscéorat By pokashinigias|Wre y-IEvKRESa R

the wafer through the plurality of openings one by one.

i din
Therefore, an appropriate response can be made accor g

to circumstances against small changes in the polishing

conditions of the wafer by using the lifetime of'the

polishing pad, the elapsed time from the start of the

polishing, the polishing rate, the polishing stock

removal for determining the timing of the switching of

the polishing slurry. The shape of the polished wafer

can be thereby stably made flat with high precision, and

particularly the outer peripheral sag can be improved.

In addition to this, the thickness of the wafer can be
readily made a target thickness.
[0071]

Moreover, at least one of the polishing load, t
and the rotation

he

rotation speed of the upper turn table,
speed of the lower turn table can be changed during the

polishing of the wafer on the basis of measured data of

the thickness of the wafer.

As described above, when at least one of the

polishing load, the rotation speed of the upper turn

table, and the rotation speed of the lower turn table 1is

changed during polishing, in addition to the switching

with the slurry having a different polishing rate during

the polishing, the polishing rate and the like can be
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polishing rate is set, for exanple, at y3 so as to increase the polishing
stock renoval for the polishing slurry having a high polishing rate. [0079]
The above-descri bed wafer polishing nmethod enabl es the changes in the
polishing conditions at a polishing area by the same polishing slurry to be
fl exi bly managed, the changes which are caused by the deterioration of the
pol i shing pad. The change in processing tinme of the wafer can be therefore
suppressed, and throughput can be consequently inproved. In the early stage
of the |ifehiwe1af drhe Mmeald Shidigapadd theipgl itsiei wyplsitsdeiedendVal under a

condition of a high polishing rate js de as small, as i.bl and the
deteriora@pﬁﬁqmrkﬂﬁ?fq%ﬂﬁﬁ%%eb9a?h%eh£gﬁngP ep&%%;i%é%i@%pggu%hereby

prevent edy, Laan. and (§taas, of sf oy | EbghiFR ool (hering) itahi ng piah Lngie

polishing™s oK ¥ e r a condition of the decrease in the polishing
rate in cefipahiesomfkith (The eerfiar stagenef at Herlyi Paghmd 1GtSS B8t i shi ng

pad can be increased by the relatjon of a trad | bshLngeki.me
under a céh&iﬁqﬁf%ﬁeeﬁ%?ﬁ%p%?#%ﬁhﬁagrgﬁg(2%1%%5%%&%%@%?9a239?t can be

consequenﬁb57§qppressed that a total polishing time becones |ong.
Furthernore, the flatness and the snoothness of the wafer can be made high,
and such a waf efncaheberstsaity ighten een , EXARPYEIEE0SGR P Her ei nafter,
t he present _i,nyenti,on w.ll, be ex i i.n nore detail based on Exanpl es
and ConpaP&ti¢ %%Iaesk?atb%? ?ﬁgé?ﬁgggﬁ?i nvention is not restricted
thereto. (Exanphe hfAafari siismgpahéshed accordiing tte tHee waf er pol i shing
met hod as shown in FIG 1. As the wafer to b%lffoolishelgeé there were prepared
720 siIicpﬁe§ﬁm$(éqMﬁQﬁ%P%aﬁmﬁﬁl%Sd?aﬁéﬁérw %30d 9 and p--type obt ai ned

by slicing, Wil Wd e sam RN FHaaLakaey by Thise pea dmithiod: £ yThéan p- - t ype
waf er means a p-type warer %V|ng a high resistivity. The wafers were
subj ect edbtomohanfierimgyed dppi pgliahdnet éhi igbatp-wise manner.

[0073]
Here, the case of changing the timing of the

switching of the polishing slurry on the basis of the
lifetime of the polishing pad will be explained in
detail with reference to the drawings, but the present
invention is not of course restricted thereto.

As mentioned above, the timing of the switching
can be also changed on the basis of the elapsed time
from the start of the polishing, the polishing rate, the

polishing stock removal, and can be of course changed by

combining these.

[0074]
FIG. 1 will be first explained. FIG. 1 is a view

showing an example of the relationship between the
elapsed time from the start of polishing the wafer and
the thickness of the wafer in case of determining the
timing of the switching on the basis of a target
thickness, in the wafer polishing method according to

the present invention.

As described above, since the polishing is

performed while measuring the thickness at any time, the
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normal condition. Wth the doubl e-side polishing apparatus as shown in FIG
7, 240 wafers of the prepared silicon single wafers were doubl e-side
polished in a batch-w se manner (15 wafers in one batch). As the polishing
pad, M\-815A of Nitta haas was used. As the polishing slurry before the
switching, Fujim FA.11022 (for the high rate polishing) was used, and as
the polishing slurry after the switching, Fujim FG.2100 (for the lowrate
polishing) was used. It is to be noted that an attenpt to keep the

t hi cknesses of all polished wafers constant was nade. [00$1¢ In this case,
the thi ckg%el o%]aﬁ hee Wafi £€ $ yWehangeals urted thresiefe e $f u AF9EY of

openi ngs duril né the polishing to cal culate the ﬁg{é@égg sate A6 the wafer
at any ti mhickdeshe arfatheonyRitfrbéANEdP atrpeaverage rate and the total
polishing tinme every nunper t i-Shd. was saved, and past val ues
were ref er‘?ae‘al%?lﬂo%oﬁ%%?g% Fgfngvl\/iﬁslc%@ttr% polishing slurry when the

t hi ckness qofgihe wafer becane a predeterm ned thickness. [0082] When the
lifetine of the polishing pad was T, .the tin foHiey S tgehf hgsof the
pol i shing agent Masthid £&a$¢i etin§8 Bﬁgg‘arﬁa{f@sg’g’glgso%l; e polishing pad:
T/5, a middle stage; /% enchisd aget 4dAa8hes 5T/ 5. The
pol i shi ng %%g%e}go?%égé?\ﬁ%?egg r%athiai(r)g of the poLi ?hi Pgrﬁggckf renoval for
the pol i shingdsternynbef poe itshe ngwisttetthgr dMAVEhe ‘Pol FSArNg slurry after

the switching was changed so as t e 2.75; . 5.d, t @@dod#i dhacsording to
the cl assifhtaknefasof) tf\%rl‘iifé?lf’ﬁg g-rlme' Bk Sk G

performed at a high rate, the shape of the wafer is apt

to deteriorate. Therefore, the shape fundamentally

needs to be adjusted by performing low rate polishing 1n

a second stage for a long time. On the other hand, when

the polishing rate of the high rate polishing in a first

stage is decreased due to the deterioration of the

polishing pad, it takes a long time to reach a

predetermined thickness, but the wafer shape
The wafer shape can be

lishing in a

fundamentally becomes good.

finished for a short time by the low rate po

second stage. However, in the case of switching the

slurry only on the pbasis of the target thickness or the

polishing stock removal as described above, the

deteriorated shape in the first stage cannot be

i in some cases
completely repaired by the second stage 1n ’

the first and second polishing may pe performed for an

excessively long time, and thus further improvement 1s

required.

[0076]

In view of this, for example as shown in FIG. 2, a

ratio of the target thickness « for the finishing to the

thickness y for a first polishing slurry can be

target
. tion of

automatically changed according to the deteriora
It is to be noted that the target

1.

the polishing pad.

thickness o is the same as that in FIG.
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the polishing pad. [00831 [00841 (Conparative Exanple 1) In FIG 5,
240 wafers of 720 prepared wafers were polished in the sanme condition as
Exanpl e 1 except that the polishing tinme was made constant w thout the
switching the polishing slurry during polishing and an occurrence of
deficiency of the polishing or the over-polishing was not avoi ded, and the
sane eval uation was carried out. [0085] (Conparative Exanple 2) As
shown in FIG 6, the other 240 wafers were polished in the sanme condition
as Exanple 1 exgepd &babrtBeapebinshifng hapqerformedoawi 1@ measuring the

t hi ckness of the wafer to achieve a constant ﬁar et %hkg%%p%%ea for the
waf er af t@etewiperi S rdeamP it ither pbfi SArHYTEFGrr vy "'was not changed

during tgghéﬁggﬁ%glghggrc a%%(t; %ﬁ%%ﬁé%ﬁ&é@ﬁré@éwawi etheout . [0086] As a

result, s revealed that the variation of each
of the wafgfsknesssamaldinand e gl sishigg was p@dibiABd ®WEh hi gh precision

in the wafer polishing nmethod of Exanple 1. On_the_ather nd, as shown in
FIG 3( b)?ebﬁghoﬁﬁhtlﬁ’e bﬁ&l“%&%f%ﬁlﬁaﬁn?hga$§r fag%il %n tg)?c the flatness

due tothe_ ]| i f; th dshing ped Bpdushegebynet Beampoltysd mf was not
stably pe?+%%%%%H§ngﬁﬁ% 35?3% polishin ngtﬁod of Conpar at i Exagple 2.
The vari apbbhshiingheasafier Jubtarste ngemet AoBOBE SERRPECAG Y & e 1,

al though this is not shawn,. was L@gggﬁdtpﬁg gggglobOqum@ﬁgia@m&yanple 2

an average polishing ra
and switching conditions of the polishing slurry having

a high rate and the polishing slurry having a low rate
can be preliminarily made.

[0077]
In this case, the polishing of the wafer is first

started, and the polishing rate and the total polishing

time are monitored at any time by measuring the

thickness of the wafer during the polishing. Then, the

target thickness y can be automatically changed

appropriately with reference to the known correspondence

table and condition table.

[0078] |
For example, since the polishing rate is high in

an early stage of the lifetime when the polishing pad is

started to use, it is polished at a higher rate by using

the polishing slurry having a high polishing rate. The

target thickness y is accordingly set to be as thin as

possible, and for example, it is set at y1. When it is

stabilized after a certain time passes, the polishing

stock removal by the polishing slurry having a high

polishing rate is increased, and it is set at 7Yz, for

When the lifetime is close to the end due to
d and

example.
process of the deterioration of the polishing pa

the polishing rate starts to decrease, the target

thickness for the polishing slurry having a high
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[0087] As shown in FIG 4(a), a surface shape of the wafer polished by the
waf er polishing nmethod of Exanple | was uniformin a plane, and the outer
peri pheral sag was renmoved. On the other hand, as shown in FIG 4(b), it
was reveal ed that a surface shape of the wafer polished by the wafer
pol i shing nmet hod of Conparative Exanple 2 had distribution in a plane, and
it was not uniformy polished. [0088] Here, in Table 1, there is shown a
rati o of manufacturing capability to the lifetime of the polishing pad in
Exanpl e 1 and Conparative Exanples when the lifetine of the polishing pad

in the wafe l.i_shi t f ppakahbve,Exanpt es@ &s 100. [0089]
(Tabl e 1)poE’L 1 BBy 9 Jrethad of £9 b

increase the polishing stock removal for the polishing
slurry having a high polishing rate.

[0079]
The above-described wafer polishing method enables

the changes in the polishing conditions at a polishing
area by the same polishing slurry to be flexibly managed,
the changes which are caused by the deterioration of the
polishing pad. The change in processing time of the
wafer can be therefore suppressed, and throughput can be
consequently improved. 1In the early stage of the
l1ifetime of the polishing pad, the polishing stock
removal under a condition of a high polishing rate is
made as small as possible, and the deterioration of the
flatness by the high rate polishing can be thereby
prevented. 1In an end stage of the lifetime of the
polishing pad, the polishing stoqk removal under a
condition of the decrease in the polishing rate in
comparison with the early stage of the lifetime of the
polishing pad can be increased by the relation of a
tradeoff. The pollshlng time under a condition of a low
polishing rate can pe reduced, and it can be
consequently suppressed that a total polishing time
becomes long. Furthermore, the flatness and the

smoothness of the wafer can be made high, and such a

wafer can be stably obtained.

EXAMPLE
[0080]

Hereinafter, the present invention will be
explained in more detail based on Examples and

Comparative Examples, but the present invention is not

restricted thereto.
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MANUFACTURI NG CAPABI LI TY (% LIFETIME OF POLI SHI NG PAD
EARLY STAGE M DDL
STAGE END»STAGE COVPARATI VE EXAMPLE 1 93 97 89 COVPARATI VE EXAMPLE 2 95 150

(Example 1)
A wafer was polished according to the wafer
polishing method as shown in FIG. 1.

As the wafer to be polished, there were prepared

720 silicon single wafers having a diameter of 300 mm

and p -type obtained by slicing, with a wire saw, an
ingot grown by the C2z method. This p -type wafer means
a p-type wafer having a high resistivity. The wafers
were subjected to chamfering, rapping, and etching in a
normal condition.

With the double-side polishing apparatus as shown
in FIG. 7, 240 wafers of the prepared silicon single
wafers were double-side polished in a batch-wise manner
(15 wafers in one batch). As the polishing pad, MH-S15A
of Nitta haas was used. As the polishing slurry before
the switching, Fujimi FGL11022 (for the high rate

polishing) was used, and as the polishing slurry after

the switching, Fujimi FGL2100 (for the low rate

polishing) was used. It is to be noted that an attempt

to keep the thicknesses of all polished wafers constant
was made.

[0081]
In this case, the thicknesses of the wafers were

measured through the plurality of openings during the
polishing to calculate the polishing rate of the wafer
at any time, and the relationship between an average
rate and the total polishing time every number of the
polishing was saved, and past values were referred and
compared to switch the polishing slurry when the
thickness of the wafer became a predetermined thickness.

[0082]

When the lifetime of.the polishing pad was T, the

timing of the switching of the polishing agent was

39



84 EXAVPLE 1 103 101 100 [0090] As shown in Table 1, the wafer polishing
nmet hod of Exanple 1 has hi gher manufacturing capability regardl ess of the
lifetime of the polishing pad in conparison with the case of the mddle
stage of the lifetime of the polishing pad of Conparative Exanple 2, and
the productivity is increased by 10%in conparison with Conparative Exanple
2. On the other hand, it is revealed that both of the manufacturing
capability of Conparative Exanple 1 and 2 are influenced by the lifetinme of
t he polishing pad and are unstable. [0091] (Exanple 2)

classified as an early stage of the polishing

: 5.
a middle stage: 2T/5 to 4T/5, an end stage: 4T/5 to 5T/

pad: T/5,

The polishing was performed while a ratio of the
polishing stock removal for the polishing slurry before
the switching and the polishing slurry after the

switching was changed so as to be 2.75:1, 6.5:1, and

14:1 according to the classification of the lifetime of
the polishing pad. '

(00831 | )
According to this method, 240 wafers were polishe

with the identical apparatus, and the flatness of each
of the polished surfaces was evaluated by.AFS (a

i E
capacitance flatness-measuring apparatus made of AD

CO.,) -

[0084]

(Comparative Example 1)
In FIG. 5, 240 wafers of 720 prepared wafers were

polished in the same condition as Example 1 except that
the polishing time was made constant without the

switching the polishing slurry during polishing and an
occurrence of deficiency of the polishing or the over-

polishing was not avoided, and the same evaluation was

carried out.

[0085]

(Comparative Example 2)
As shown in FIG. 6, the other 240 wafers were

polished in the same condition as Example 1 except that

the polishing was performed while measuring the
thickness of the wafer to achieve a constant target
thickness o for the wafer after the polishing and that

the polishing slurry was not changed during the
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The doubl e-si de polishing apparatus as shown in FIG 7 was used to polish
the wafers in a batch-w se manner (15 wafers in one batch). In this case,
the target thickness of each of the polished wafers was 777 As the wafer to
be polished, there were prepared 600 silicon single wafers having a

di aneter of 300 mm and p--type obtained by slicing, wwth a wire saw, an

i ngot grown by the CZ nethod. The wafers were subjected to chanfering,

| appi ng, and etching. This p--type wafer nmeans a p-type wafer having a high

resistivi t%{tﬁg?ﬁé%d“’%%@rﬁp@{&né heywefet1bhi GhRessmiasuréng. mechani sm

provi ded ®i ptical "unit using the apparatus of a

wavel engt hgparijabl e-infrared | aser, the apparatus which can tune the
wavel ength of the laser to 1575 to 1775 ne; VVEQaghig was

waf er - t hi cknessAfedsifSHg tme@ari A 30 Waferd '3 6 § waters were pol i shed

whi | e measying e i oknessa plat henvafetacand A hund hizkmessia¢ each of
the polished wafers was eval uated by AFS (a capacitance, fl at ness-neasuri ng

appar at us seade ehdADR e q@qlishi0g2ya e Corparaiiafe “BHhﬁTJeg}é) The sane

doubl e- si de paql i shing apparatus_as sed g oo ROl &sh. the ot her
300 waf er ®recd Séipartatite Bk %ﬁ|8°§?gﬂg&§V§f¥@§ﬁg polisﬁﬁig was performed

Wi t hout og@,r 40 t9fe it Nea V@S esst Bheknesameasur i3 mecharh sat The pol i shi ng
time was determned in advance. [0093] FI.G 8f§Q8¥5 Fjre|$§LV8 freguency
and a cunpbatished wafers had the variation o e atn du

the lifetime of the polishing pad and thereby the
polishing was not stably performed in the wafer

polishing method of Comparative Example 2. The

variation in the wafer polishing method of Comparative
Example 1, although this is not shown, was larger than
that of Comparative Example 2.

[0087]
As shown in FIG. 4(a), a surface shape of the

wafer polished by the wafer polishing method of Example

1 was uniform in a plane, and the outer peripheral sag

was removed.
On the other hand, as shown in FIG. 4(b), it was

revealed that a surface shape of the wafer polished by
the wafer polishing method of Comparative Example 2 had
distribution in a plane, and it was not uniformly
polished.

[0088]
Here, in Table 1, there is shown a ratio of

manufacturing capability to the lifetime of the
polishing pad in Example 1 and Comparative Examples when

the lifetime of the polishing pad in the wafer polishing

method of Comparative Example 2 is 100.

[0089]
(Table 1)
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rel ative frequency of the thicknesses after the polishing of 300 wafers
polished with the doubl e-si de polishing apparatus of Exanple 2 and
Conparative Exanple 3. It was revealed that, in each of the wafers polished
wi th the doubl e-side polishing apparatus of Exanple 2, the variation of an
average finishing thickness after the polishing was snmall in conparison
with each of the wafers of Conparative Exanple 3 and decreased by

approxi mately 50% It was al so reveal ed that the precision of
standard deviation of 0.1 'Amor |ess was able to be achi eved accqrding to
t he doubl ersi-de—polshtrg—apparatus—of [

showi in FIG
9, in each %f MWafere pol i shed mﬁthLFﬁgqggﬁgi g§? L shi-rg—dppar at us
AP

of Exanple eLiriicekness  of eﬁgﬁffsy‘kaﬁ @,ﬁbbﬁﬁlg@A@a eEHDmaGEtabl e. On
the other pand, each of the waflers atve—bExanmpte—3ad | ar ge
vari ation aw@wya&Agpﬁggﬁkﬁth@OQS] (ExangEk 3) The &Bﬁ)le-sidg_ﬁgiishing
apparatus Bs oWR—-A 100 84
COMPARATIVE EXAMPLE 2 95
EXAMPLE 1 103 101 100
[0090]

As shown in Table 1, the wafer polishing method of

Example 1 has higher manufacturing capability regardless

of the lifetime of the polishing pad in comparison with

the case of the middle stage of the lifetime of the

polishing pad of Comparative Example 2, and the

productivity is increased by 10% in comparison with

Comparative Example 2.

On the other hand, it is revealed that both of the

manufacturing capability of Comparative Example 1 and 2

are influenced by the lifetime of the polishing pad and

are unstable.

[0091]

(Example 2) |
The double-side polishing apparatus as shown 1in

FIG. 7 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 mm

and p -type obtained by slicing, with a wire saw, an

The wafers were subjected

This p -type wafer

ingot grown by the CZ method.

to chamfering, lapping, and etching.
means a p-type wafer having a high resistivity.

There was prepared the wafe;—thickness—measuring
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FIG 10 was prepared. First, 15 openings having a dianeter of 20 nm were
provided on the circunference of a circle where the center of the upper
turn table is a fulcrum as the plurality of openings. The polishing pad
(polishing pad NH nade by Nitta haas co., a thickness of 1500 pm having
t he holes having a dianeter of 20mm | arger than that of an outer
circunferential portion of each of the openings (a dianmeter of 40 mMm) was
prepared. The sane nunber of the w ndow nenbers as the openings were al so
prepared, each w ndow nember in whjch PTS.{Ll d Yy co., (a
di anet er BECPEMHAT PAK SE1GR {i]%% ?é%gﬁalﬁr?g%a%ﬁget er of 10 mm
| ar ger th?%gtar]%tt\fg sach ofvd hengprAags aplleviided aated Hasakm t®l e vere
S

cut into ape of a circular di sk, and adhesive bl e ed,t apes
(suni tonna@ltﬂaék@ﬂ&?,wraictkhi@krmésgn@ftMOW?Wﬁﬁe\B@% X gcr%eéd Y Sg% the out er

circunference of t 1S filns., The. P, MeRbeks cee-headitariedy t 0 portions
of the opéﬁ’ﬁﬁgstcbfl g%per@w n&t%a%/: Vggbyradhesi ve doubl e coat t apes.

e
[0096] As fhe wafar, toodesppkished, sbhewe fwerse Wt SPABOB L1 Fi con

single wafers havi ng a dianmeter of 300 nmm a --1 tah Neenb¥ssl i cing,
with a w measawisn W@o‘thg‘ﬁBﬂﬁsﬁyoﬂfhéhézwr?g%gd.arﬁgt%f ers were subjected

to chanfering, lappin kN isS wirs tarpel wefed ImpaES a (p-t ype
waf er haviorf]ggef?ﬁ gcﬁf rg%? ?‘g%?%ggh ot There was pre g\r ed t%SE

waf er -t hi @g?ﬁgfma@@rfn@tﬁeshambswham@n@ﬁﬁﬁer@ﬁﬁcr?azip an?f 08 ng the
apparatus of a wavel ength-variable-infrared |aser, the apparatus which can
tune the wWéellength of the laser to 1575 to 1775 nm Wth this

waf er -t hi ckness-nmeasuri ng nechani sm 1000 wafers were polished in a

bat ch-w se manner (15 wafers in one batch) while neasuring the thickness of
t he wafer.[(0300]7] The surface shape of each of the polished wafers

(Comparative Example 3)

The same double-side polishing apparatus as

Example 2 was used to polish the other 300 wafers. In

Comparative Example 3, however, the polishing was

performed without operation of the wafer-thickness-

measuring mechanism. The polishing time was determined

in advance.

[0093] |
FIG. 8 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 2 and Comparative Example

3.

It was revealed that, in each of the wafers

polished with the double-side polishing apparatus of

Example 2, the variation of an average finishing

thickness after the polishing was small in comparison

with each of the wafers of Comparative Example 3 and

decreased by approximately 50%.
Tt was also revealed that the precision of

standard deviation of 0.1 pm or less was able to be

achieved according to the double-side polishing
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ol i ' :
gvaizgfgdmLthALge above-described doubl e-side polishing apparatus was

o) s ayresulga fﬁgas;ﬁanfg fl at ness measuring apparatus nmade of ADE

o) ) iation was small in co i '

e 4 e mpari son wt
tﬁg”ﬁ;ﬁaoa/ﬁgz%e”t'ona| pol i shing apparatus in which the polighiagr ad and
The deteriorat_ers are unified, anq flat wafers were able to be obtginedn
o O ol C|on of each of the w ndow nenbers did not vary so much fro.
al so var Ho ase, and a frequency of changing the w ndow menber did n tnla
approxin%fel Mgvgrha?ffrequency of changing the polishing pad becane >
wast e CanaBEXQQ g 8f.E§%m & conventional case. As nentioned above, th
appar at us d tL ed’in conparison with a conventional method and , ©

It is to g@gog de ﬁOSt of the polishing pad was able to be reduced. [0098
oo b moted it e ety Tovaulen, St seaietoihe
ex ' ) an exe ificati
fuﬁgP:gﬁs%gﬁé Q?%e&ﬁgﬁﬂéﬂgi&%|gblh§hSﬁgEappaKaﬁéSa@gpﬁﬁﬁﬂéyég?é ?Rg san
of 't he or efrects as those in _the teani al, concent descyiderk i faUE
inventignﬁﬁégEXFsgmm?anoﬁuQa¢mc¢QQEH?iHO HE%Fchnical scope'%f thjen ?egggf
polishingbBOFHeSGF?ﬁﬂégégﬁ?feéa Ibﬁhtﬂg wBlreog iorfClcjlmmmgﬁ;ﬁjﬁmt‘3‘-”‘3055|y
hol ding t far a waler by pressing and rubbing the wafer, whil
ool i shi n ??aW%F@’@MHJH 2 1onge varnatabheahslvig QQQEﬁgHe' ’ e
pol 1 shi ng- Upper-surface fotationally dviven, an upper turn table hav
beingparr ing-lower-surface rotationally driven, the upper turn tab:ng :
wafer-holggﬁggﬂmﬁth facing to the lower turn table; and a carrier have
ber f or ned (whid ole for holding the wafer, wherein the pol i shi Ing a
openi ngs é?%?i éﬁegigflng a thickness of the wafer through a plurali?s B?
table or the | oRWBE ' e]?ea—%j; etggt%c'af{'sﬁfﬂ&eépﬁﬁga%%se@@e sfodrhelimpper turn

FIG. 10 was prepared.

First, 15 openings having a diameter of 20 mm were

ed on the circumference of a circle where the

as the

provid
center of the upper turn table is a fulcrum,

plurality of openings. The polishing pad (polishing pad

MH made by Nitta haas co., & thickness of 1500 pm)

having the holes having a diameter of 20mm larger than

that of an outer circumferential portion of each of the

openings (a diameter of 40 mm) was prepared. The same

number of the window members as the openings were also

prepared, each window member in which PTS films made by

toray co., (a diameter of 30 mm, a thickness of 150 pm)

having a diameter of 10 mm larger than that of each of

the openings provided at the turn table were cut into

- the shape of a circular disk, and adhesive double coated

(sumitomo 3M 442Js3, a thickness of 110 pm) were

tapes
e of the PTS films.

adhered along the outer circumferenc

The window members were adhered to portions of the

openings of the upper turn table by adhesive double

coated tapes.

[0096]

As the wafer to be polished, there were prepared
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switching a polishing slurry with a polishing slurry having a different
polishing rate during the polishing of the wafer. 2. The wafer polishing
nmet hod according to claim1l, wherein the plurality of openings are provided
at the upper turn table. 3. The wafer polishing nmethod according to claim
1 or claim2, wherein the wafer is polished in a batch-wi se manner. 4. The
waf er polishing nmethod according to any one of clains 1 to 3, wherein a
nmet-hod of measuring the thickness of the wafer is an optical reflection
interferonetrY by a wavel ength-variabl e-infrared | aser. : e.yaf er

pol i shi ng1 0@ hstllacoor diimg ltco wnfe BheldY L11E| i ﬁ%aTet §r4,0f\?h3eo;la;i n tinng of
the switching of the i shing Y- 4.5 del efmi fedies the,basi s of at

| east one?Bf Bn"%Y%f)sggk??‘%i@frb m%glsctlar " of the polishing, .a pql i shing
rate, poliﬁﬁgggggfg%kbryem\éalcz am@ltlaodiiferlil@rew@feaSpUPi‘f§hiSH§DJ €%6. The
waf er polishing nethod according to any one of clai 1_{Qgpa, wakerei n at

| east onetof chapdkirshidng laRRE S r%‘ﬁ‘gt gBﬁH§8géd gﬁ&gﬁg upggr turn table,
and a rotation speed of WelL i NENat abhe iresdisangedyduring the

pol i shi ng"BP thé \Raf%é’%eohjéaéepbas‘ifs %f measured data of the thickness of
the wafer. 7. fndeublesspteppolddHiry wpharat i3CKREFFINTG &t 1 ¢ast . a
lower turn table having a flat polishing-uppersyrfage r rotasl ytdriven;
an upper mefghanaisie BAAYY g‘?l‘gﬁ)LbSﬁLsﬁpﬁg- fagvverg]j surfaé(?e@% otationally
driven, thewggg%n?%r JAb & bei pgrasranged swirt,h tfrecianpa®@¢®weé | ower turn
table; and a carrier having a wafer-hol ding hol ﬁ\ﬂforr t}gédiggsatgvaf er, the
appar at uswaeapr icsimgd wn el tlral vaye benagpenPigL 5t oAed bet ween a

1775 nm. With this wafer-thickness-measuring mechanism,

1000 wafers were polished in a patch-wise manner (15

wafers in one batch) while measuring the thickness of

the wafer.

[0097]

The surface shape of eac
ibed double-side polishing

h of the polished wafers

polished with the above-descr

apparatus was evaluated by AFS (a capacitance flatness-

measuring apparatus made of ADE co.,). As a result, the

variation was small in comparison with, for example, a

atus in which the polishing

and flat wafers

conventional polishing appar

pad and the window members are unified,

were able to be obtained.

The deterioration of each of the window members

did not wvary so much from a conventional case, and a

frequency of changing the window member did not also

vary. However, a frequency of changing the polishing

pad became approximately one half of the conventional

case. As mentioned above, the waste can be avoided in

comparison with a conventional method and apparatus, and

the cost of the polishing pad was able to be reduced.

[0098]
It is to be noted that the present invention 1s

not restricted to the foregoing embodiment. The
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rotation center and an edge of the upper turn table or the |Iower turn
tabl e, and a wafer-thickness-neasuring nmechani smfor neasuring a thickness
of the wafer through the plurality of openings during polishing in real
time, the apparatus wherein t he waf er-t hi ckness-neasuring nechani sm
is fixed to a fixed end except the upper turn table and the |ower turn
tabl e of the doubl e-side polishing apparatus. 8. The doubl e-si de polishing
apparatus according to claim7, wherein a polishing pad and wi ndow nenbers
are provided on a polishing surface qf the |ower turn b he upper
turn tabl enlddingoii shé njuphdabeRF§TBLidE With Ho e%ﬁga%?%gagegianeter

| arger than that of the I a 0Si Il ONSe £01 FespttddagohetrhEe
plurality tg”fatog'é“?'l‘f%ﬁ? §g§§€mi%gg% rrtn}el%b%Ira:[sflﬂeﬁavi ng a dianeter |arger lt han
that of the opanidigsuasdisnal bad elfifedtsataofthpee hbme%h%ft?ﬁgngSFi shi ng
pad and having a thickness thinner .than t o ol i shhRgopadreand the
wi ndow nerdsmreeRl edsepht BEEd1Pr & aﬁﬂg[ﬁﬁ!ﬁhﬁréféggngn%hgggafixed_to t he
upper . turn tanl e, M hhepkovwerniyrda it adddpéd he ougheapradhesi gmvsyieren- 9. The
doubl e- si de polishing apparatus according to claim7 or claim@8, wherein

t he waf er-thi cknessneasuring mechani sm has an apparatus of a

wavel engt hvari able-infrared | aser having a light transmttabl e wavel ength

t hrough the wafer. 10. The doubl e-si de polishing apparatus according to
claim9, wherein the wavel ength of the laser is 1575 to 1775 nm
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11. The doubl e-side polishing apparatus according to claim9, wherein the
w ndow nenbers is light transmttable by the |aser radiated fromthe
apparatus of a wavel ength-variable-infrared |l aser. 12. The doubl e-si de
pol i shing apparatus according to any one of clains 7 to 11, wherein the

waf er -t hi cknessneasuri ng nmechani sm neasures a bul k thi ckness of the wafer.
13. The doubl e-si de polishing apparatus according to any one of clains 7 to
12, wherein the plurality of openings are provided with them equally spaced
at a periphery of the upper turn table. 14. The doubl e-si de polishing
apparatus according to any one of clai@sA¥MEo 13, wherein the fixed end to
whi ch the wafer-thickness-neasuring nechanismis fixed is a housing of the
doubl e- si de polishing apparatus. 15. The doubl e-si de polishing apparatus

according_to any one of i tQ ththq Whes ehai hjesnnndowneemsds are nade
of pIastiE: GX Vﬁgeaoﬁéhgﬁgﬁ g-polishing apg%ratus according to any one
of clai msp81tehihg WeReisurfaces afrel aeiren PHESSBIAGISt wt 2 and a

relation of twnw>tsns or_twnw<tsns are satistied. fer witt¥ed BotBikckness
of each ofubhéng rrdhewWashfder sWi% ?mP?géﬁfg gkfeff%é?ive i ndex of each of

the wi ndow members | @ 1 hickpess] obhthe -agiesi o faee is t2 [|sni,
a thicknegérBPQEﬁgé&ﬁig&T% ts [tuﬁ?, a refractive deex ofatpfa@afer i's
ns, rotationally driven; an upper turn table having

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 the wafer, wherein
the polishing is performed while measuring a

thickness of the wafer through a plurality of openings

provided between a rotation centgr and an edge of the

upper turn table or the lower turn table, and
switching a polishing slurry with a polishing

slurry having a different polishing rate during the

polishing of the wafer.

2. The wafer polishing method according to claim 1,
wherein the plurality of openings are provided at the

upper turn table.

3. The wafer polishing method according to claim 1 or

claim 2, wherein the wafer is polished in a batch-wise

manner.

4 The wafer polishing method according to any one of

claims 1 to 3, wherein a method of measuring the

thickness of the wafer is an optical reflection

interferometry by a wavelength—variable—infrared laser.

5. The wafer polishing method according to any onhe of
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a thickness of the polishing [ I bi
hi cl _ pad is t1 [pn], a conpressibili
polishing pad is CI [96/g/cnR]. a nmaxi mum pol i shi g | oad : sI }Dy[gj cErg]e

claims 1 to 4, wherein timing of the switching of the

polishing slurry is determined on the basis of at least
one of an elapsed time from a start of the polishing, a
polishing rate, polishing stock removal, and a lifetime

of a polishing pad.

6. The wafer polishing method according to any one of
claims 1 to 5, wherein at least one of a polishing load,
a rotation speed of the upper turn table, and a rotation
speed of the lower turn table is changed during the

polishing of the wafer on the basis of measured data of

the thickness of the wafer.

7. A double-side 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 lower
turn table; and a carrier having a wafer—-holding hole
for holding a wafer, the apparatus comprising

a plurality of openings provided between a
rotation center and an edge of the upper turn table or
the lower turn table, and

a wafer-thickness-measuring 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

to a fixed end except the upper turn table and the lower

turn table of the double-side polishing apparatus.

8. The double-side polishing apparatus according to

claim 7, wherein a polishing pad and window members are
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provided on a polishing surface of the lower turn table
and the upper turn table, the polishing pad being
provided with holes having a diameter larger than that
of the openings at positions corresponding to the
plurality of openings, the window members having a
diameter larger than that of the openings and smaller
than that of the holes of the polishing pad and having a
thickness thinner than that of the polishing pad; and
the window members are separated from the polishing pad

and are fixed to the upper turn table or the lower turn

table through an adhesion layer.

9. The double-side polishing apparatus according to
claim 7 or claim 8, wherein the wafer-thickness-
measuring mechanism has an apparatus of a wavelength-

variable-infrared laser having a light transmittable

wavelength through the wafer.

10. The double—éide polishing apparatus according to

claim 9, wherein the wavelength of the laser is 1575 to

1775 nm.

11. The double-side polishing apparatus according to
claim 9, wherein the window members is light

transmittable by the laser radiated from the apparatus

of a wavelength—variable—infrared laser.

12. The double-side polishing apparatus according to
any one of claims 7 to 11, wherein the wafer-thickness-

measuring mechanism measures a bulk thickness of the

wafer.

13. The double-side polishing apparatus according to
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any one of claims 7 to 12, wherein the plurality of
openings are provided with them equally spaced at a

periphery of the upper turn table.

14. The double-side polishing apparatus according to
any one of claims 7 to 13, wherein the fixed end to
which the wafer-thickness-measuring mechanism is fixed

is a housing of the double-side polishing apparatus.

15. The double-side polishing apparatus according to

any one of claims 8 to 14, wherein the window members

are made of plastic.

l6. The double-side polishing apparatus according to
any one of claims 8 to 15, wherein

a relation of tixgixP/100>tu+t> and a relation of
tyne>tsns or tynu<tsns are satisfied,

when a thickness of each of the window members is

ty [pm], a refractive index of each of the window

members is n,, a thickness of the adhesion layer is ta

(pm],

a thickness of the wafer is ts [um], a refractive
index of the wafer is ng,

a thickness of the polishing pad is ti [um], a
compressibility of the polishing pad is €1 [%/g/cm?],

a maximum polishing load is P [g/cm®] .
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