DESCRI PTI ON WAFER PCLI SHI NG METHOD AND DOUBLE SI DE PCLI 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-si de polishing apparatus that can
efficiently manufacture a wafer for a sem conductor having a high flatness.
BACKGROUND ART [ 0002] A conventional wafer manufacturing nethod
wi |l be explained by an exanple of a silicon wafer manufacturing method.
First, a silicon single crystal ingot is grown, for exanple, by the
Czochral ski method (the CZ nethod). The obtained silicon single crystal

ingot is sliced to produce silico nd thereafter the silicon
waf ers are subjected to each of tﬂ%ﬂg%gﬁgﬂ% chanfering, |apping, and
etching one after the other. At |east a polishing process is subsequently

performed to makeygeiRisd 4 IR frehoSaaMh WBhEIE & Per borTSuindcace. [ 0003]
In this polishing process of the wafer, for exanple, a double-side

pol i shi ng apparatus may be used toA56PR&H Dot h surfaces of the silicon

waf er . As the doubl e-side polishing apparatus, a so-called four-way
doubl e-si de polishin aggaratus is normal ly used which has a planetary gear
construction fRCHNHIAChES Rrrier-for holding wafers are arranged between a
sun gear providedijat a center portion and an internal gear provided at an

outer C|rcunferent&gé é¥¥ggn ninvention relates to a wafer polishing

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 singie 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 sﬁbsequently 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-side 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 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 | ower turn table against front and back surfaces of each of
the wafers, while supplying a polishing slurry fromabove the held silicon
waf ers, and by concurrently rotating and revolving the carrier with the sun

gear and the internal gear. [0005] However, t bovigsdeseari bed
doubl e- si de pHPF%%i%d”ﬁﬁbﬁfd%ﬁégpédbg%dug%rﬁo ﬁ%ﬁ?ggﬁgre‘are probl ens such
that the produyckivigead prboimeyven thougte:f pattiwf ems eanibedBtai ned or on

the contrary | ow fl at nes fers ar bt ai.red. gven thewgénthe productivity
i s high. Thisgﬁgrd%%ﬁﬁggatwgfglfg%ggtgaég%¥f ?elati%nship bet ween a

polishing rateoof4i he wafer and the flatness. To deal with these problens,
quasi -static_processi.ng, by keenbag: & NG iobbshimgiyr apgastdsowans possibl e is
needed in a finishing stage. [ 0006] In view of %Q@s,sggeégqhas been used a
pol i shi ng net kedutearfdoasty rald SnBEERI SHHGCEERC by ' SWiSt CATAY a pol i shing
agent into a pgkishing ;ageptiMpwnegs@licon wafers into a plurality

of carriers, in which wafer-holding holes are formed, to

hold the wafers, by rotating an upper turn table and a

lower turn table, in which a polishing pad is attached

on each of the surfaces facing to the wafers, in a

direction relative to one another with pressing the

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
probléms 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, guasi-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 polishing is performed for a predeterm ned polishing tinme, 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
di scl osed a dguda-sicdgrpni icshinage apparatusfe et psl PRHES whil e neasuring

the thickness, of the wafer durin | d_shi g ; { 00Q8kFoy @xanple, with the
pol i shi ng appﬁ£3Vﬂ§m%ﬁ§ r%&fﬁéﬁegsgﬁﬂ%ggﬁeastring the thickness of a

seni conduct orexafrare)dupt ngy pollishing Wi lgstaye aidopt FEatt4°8f | ecti on
interferonetry like in .ans dgscsiPemehns Pt 8iihgli $ exiatser et 3 and Pat ent
Literature 4,XWﬁ§5%P§t%§££E%f'€he golishfng surface can be made high

Mor eover, accord ngeeoPehrnti ERERBYF O PAPENT* T & ature 3 for exanpl e,
with Iight hay'@g”a light transmttabl e wavel ength through the wafer, the

t hi ckness can be neasured with formng focus h i.0g Aasagasuring |ight
flux along a thicklesededPron s @P\ggef %%%%rléﬁrg?g%e of the sen conduct or

wafer to a bagk idwihgceppdrerenf 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. 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. _

Tn 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]



[ 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

vi bration of the wafer during the polishing, and a difference between a
measured 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
di stance from an object to be neasured, and a di stance between a poi nt '
where the focus is forned and a point where the light is input and output
needs to be approximated. There is therefore a problem of contam nation and
damage by m st due to the polishing slurry and the like in a passage of the
l'ight. Moreover, a frequency of taking the nmeasuring light froma
desi gnat ed area onHawpmérshmnghsaréﬂkémﬁﬁr%%%iﬁ@agﬁF?Wb i ght needs to be

i ncreased durng hc%rBO%' SQJH{I% itRcOFLEls LG EBprR&Ve1bhg Ereci sion of the
nmeasur enent . con ocal such as Pat ent theratg e 3 |g however,

inferior in respomsiovit ¥t BnEAYY KasPa FHIPENSER PR NAPTTHE™ Pequency of

taking in is |ow, AJTARLON4ISE 00161 Rat ant adeﬂﬁataneﬁibejaganese
Unexam ned Patent publication ( Koka| Nﬁ~%%06 §244%%Hgﬁ% coliterature

2: Japanese Un@xBff TYEGoPyeent %ﬂﬂﬂaPcﬁ Fy okaT 5 No 8645 Pat ent
Literature 3:Jppadrese Haeaﬁwﬂrmaigeatant1pubL$Qxﬂaam1tQM6kal) No. 2002- 59364

Patent Literature p ne n aty » iosaki @staKekai )
No. H7- 4921 Paf‘é%]t“eﬂ’icteg §¥u & j‘aﬁ%‘ﬁ%‘glef g%‘? lLN}gJ 3327817 DI SCLOSURE OF

| NVENTI ON from an object to be measured, and a distance between
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
measureéent. 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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[ 0011] In the nethod 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 sw tched during one
polishing cycle (one wafer in single wafer processing and a plurality of
wafers in batch-wi se manner processing). [0012] In this method,
however, the polishing conditions are not switched with taking account of
deterioration of a polishing jig material such as the polishing pad and the
carrier. Afailure in a wafer shape, such as an outer peripheral sag,

t hereby occurs. This is because the deterioration to the above-nention
material is generated by polishing, and the polishing conditions (for
exanpl e, a polj;$hi HesPeediniiier@Ry vary even in the case of polishing with
the identical apparatus in the sanme conditions. Mor eover, since
timng of switl@BiLAY the polishing conditions is constant regardl ess of the
deterioration of the pabkishind@ kegchBieLr iial psuatt astthecypel ishndg pad and
the carrier, there arise Qroblens sych that .the Qgggggigg%y“%ggones wor se
by i ncreasi ng Patpot ilsiieng ttrae’ st RPPhe d&ref'oration of the poli shing pad,
and that excess 8rpstefdnchgnsyerof, pobbshimggstioed, rarbeakP&xEurs. The
probl em of the excess . or defi.cienc old shi.ng fenval may easily
suppress by mé4&8tPihdh&° ﬁ?&ﬁﬁ%gér?%cgd#tggbgu$€%ggggIishing or after and
bef ore pol i shiwvhgcwi tie erltattiqgadt is Hoviarsed) sp e HhePpdI9SHPAg needs to

be stopped hal Ng st heLeby. tRe Pk oelCinVist ¥gbecares significantly
worse, it is ﬁ%¥a¥%§]i§t?c ﬁef%&d.e 00131l§breover, en.the wafer is

pol i shed, theppeteatiinggapdtd R4 tUUR! (G TERE HREENEriti%n of the
pol i shing padpafdet heockkeinds. shown in FIG 5, the polishing tinme required
for polishing up to a target thickness of a accordingly greatly varies

bet ween t he céggl%# a high polishing rate and a |ow polishing rate. There
thus arises a problienthhatndthedt i hevewgui £oe O sPéPE sEiNTg EpPBRess is not

stable to Obtgkg éﬁngﬁkéﬂédRﬂﬁﬂﬁkakb&&Kﬂ%@%nknofh%t%&ﬂb&hﬁ&ﬁ pel i shing.
When the polishing tine is nade constant, it is overﬂﬁoligpe%din case of a
hi gh pol i shi ng patishiadl di9 gradeditPdr 84Ck 7ch T8 RTA¢RIarE tHhér eby

gener ated, andna yd:68idrQr eatday 1becones: warse. si@pet, heuot hrer ahand, a

POl 191 19, def LCL SIcK, QEEULS) | 3,c23Re O L BULBOI 1S11nG: ksbie 1 at ness
. 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 caée 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



g;elﬂea;Z?ePefgn?ﬁem?{ﬁséh[g$14]|Flﬁ: 6 shows the case where the thickness
) . pol i shing can be made a constant
t hi ckness a by neasuring the thicknes i ant target
! _ _ s of the wafer durin i shi
nggurgﬁénihgftPhngﬁsskln theffiﬂish can be nmade a targe? Fﬁ!gigggg'b;nthe
_ i ckness of the wafer, but each polishi i
differs between the case of a hi i shi pol ishing time greatly
I . gh polishing rate and a | i shi
The time required for polishin i i ow pol | shing Tate.
) [ g processing is not therefor tab
the quality of the wafer is not stabl e stable, also
_ _not e, and these becone a bottl
ngiﬁlihg ?hgogﬁ:gkz;gg S?I;ﬁhlngfappgratus t hat perforns polishﬁzgcﬁhile
I . . e wafer during the polishing i i
an opti cal refleetl pan i niesf eramabiyaasinestr Dt 45 Pat BIEE For at ure 3
and a nateri aﬂ’o,loi\rﬁﬁgﬁga“?e:ea ?5%:*’%' :%%é%gét}g%lﬁga@ggn@tt@r@%i sie ng turn table,
scraltph to anphjuecivt oy becpoks w@@,iféﬁ@ﬁ%lafs’Wﬁégg:tgﬁgééglf“\égadgrﬁgs Sgﬁghas
= o 131119 SPer, 5 bAGHEd s vi o rerher 1 o pol < ng pa v g
e _ ! nto that of the hole f
i ght. The w pdowlinmenber is used as i shi or a passage of
_ ! S us t he polishing pad by unifying the
w ndow member “‘thM&fB%d@QL'§ﬁ&ﬂghﬁadaaadjbypaﬂuathnqh?hen1toythg pol i shi ng

turn table. [0016 i i i
[0016] Wth the polishing apparatis;as.dascibede above,

polishing rate varies

polishing pad and the like. As shown in FIG. 5, the

polishing time required for polishing up to a target

thickness of o accordingly greatly varies between the
case of a high polishing rate and a low polishing rate.

There thus arises a problem that the time required for

polishing process is not stable to obtain a constant

target thickness in the finish of polishing. When the

polishing time is made constant, it is over-polished in

case of a high polishing rate, a lot of failures such as

scratch are thereby generated, and a yield greatly

On the other hand, a polishing
g rate, the

and the

becomes wWworse.

deficiency occurs in case of a low polishin
flatness of the wafer thereby becomes worse,
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

The time required for polishing

also the quality of

low polishing rate.

processing is not therefore stable,

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



the thickness of the wafer is consequently neasured through the w ndow
menber by the optical reflection interferonetry during polishing, and the
polishing is automatically stopped at the time of reaching to the target

t hi ckness. For exanple, in the invention described in Patent Literature 4,
the wi ndow is provided at a non-polishing side of the wafer, and |ight
having a |ight transmttabl e wavel ength through the wafer is used as the
measuring light. In the invention described in Patent Literature 5, a

wi ndow for neasuring the thickness of the wafer is used, the w ndow which
uses a wi ndow nenber or a plug unified wth a polishing pad on an upper
surface of a lower turn table comng in contact wth the polishing surface
side of the wab&rslhaving a film [0017] However, in the inventions

described in Patent %to%ru%tlgtgﬁe’s ptoQ1§hﬁ§3 Q@%@Ehb@ﬂ taavesr tdemswi ndow
menber unifies vvlth t olishing p and t herefore the 8|IShI ng pad
needs to be chehidrdushike (BWWUEI%(}@‘%F HESHTNGOW FefB&F - 1 n addi ti on,

the w ndow meghei,Jmne §@Mﬁﬁﬁh§ wWasteas kin€anpam sphiedlt h t he pol i shing
pad, and a lifetine of the w ndow nmenber. thereby ﬁng§tgmgore the end of a
lifetim of tReliRAGISRI My TG BN 6F FREF are thus scraped, and resulting
in making a | Qit@ﬁfa‘dﬁﬁste arbreoweliqleagosearpd gsadieeof NVttt 88 descri bed in

Patent Literature dq estab1 & RQld shhhgsunface side of an
object to be BHPYHE t%éfﬂszﬁ §q§% utper 'side of the turn table and a

| i ght passagewsy@nemaﬂ@@mmeSﬂpagtt%%ﬂGM/d%@#ﬂ%ﬁﬁ§é§? FRR28FT &Pl ug t her eby

needs to be ”%9 ephance, aphtightNness @ilérhsei waRdomasrenber. It is
t heref ore har change, it takes tine |ntenance angd efficiency

decr eases. [09&8¥ﬂ¢%@epF%§bﬁﬂuFﬁ¥éﬁ¥?bﬁsw%§’ npﬁls%edlln vi ew of

attached as a window member to a pollshlng 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, and light having a light
transmittable wavelength through the wafer is used as

. the measuring light. In 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



t he above-expl ai ned problens, and its object is to provide a wafer

pol i shing nethod that can manufacture a wafer having a high flatness and a
hi gh snoot hness at hi gh productivity and high yield. [0019] An anot her

obj ect of present invention is to provide a double-side polishing apparatus
that can polish the wafer while neasuring the thickness of the wafer with
hi gh preci sion w thout being influenced by a neasurenent error as
represented by vibration of the wafer during polishing, in the double-side
polishing apparatus that can polish while neasuring the thickness of the
waf er. [00201 To achieve this object, the present invention provides
a waf er polishing nethod including sinultaneously polishing both surfaces
of a wafer by 9£essi ng and rubbing the wafer, while holding the wafer w th: .
a lower turn table havi ng a flat polishing-uppersurface rotationally

driven; an uppéfltlurn table having a flat polishing-Iower-surface
rotational |y drivegeoubie: URREENE UMvehabbes sisegibed afig€at®ith facing to the
| ower turn table; and a carrier havin - hohdi pohdeal eehioer hol di ng t he
waf er, wher ei RiERE PEERshi Iy 3 §Sp§??corg'r?%gm€%1ﬁee’ %gsuri ng a thickness of
the wafer thrqoughies plitnathd ypoofisopeninigs proViedhet n a rotation
center and an edge of the u r.tu l.8408ud h® bewerddmar ¢&bl e, and
switching a ,pBP?'g%’ﬁ‘(j’ gfgr?e%%\% tth %Q %ﬁaiblgﬁi ng slurry haying a.different

pol i shing rat endurimtpwt hempot § shi REGEPRe Wl é’rl.“df%gdlff?é In this
nmanner, when ts,h9ePe°1|r%§vQ%998i§1 ReLHoF fesh Whkhetmeasuibntpa a@dy hi ckness of
the wafer at the ti of sinmultaneou IV}/ Hpol)i&h'&q:ekggtgn@yrbfe@@@g, t he

t hi ckness of ehe adfidetéan de té’\‘?a%%‘?oed i real tine. Tim ng of the

swi tching with,the,sldsr byl bhamiing afdiffd erdnshped irsli-ng®¥ &t 8T and the end of
a polishing state can be therefare hthout ; StRRPh§G tike p6bl i shing, and
the time requitPed ot thFi SHiHG pr%ﬁ%%s\r?dttggﬁ be redu%]ed. Mor eover ,
for exanple, thetswafer is first polished with a polishing slurry having a
hi gh polishing rat %brgpge%h%spgleg,shimghal gfventi®nsvkschidddwith a pol i shing
slurry having a low polishing rate hal f%/a 4 The,pald shiot drsngher eby
performed in &atewdiktiteaasprra hi gRh® Y€ and“Fough processi ng, and
thereafter a hi,gh,&y ecidsi 68 foldbgbingté opertdsmet ahah Jr%rwa?“ata& The tine
required for polishing the wafer cg Lebyqiiedscedge andtiehe
productivity @Bﬂeﬁes“i%cf’gagé%l erhgg}fpﬁe%:ﬁgsi nfg_' tﬁg flatness and

smoot hness of 1bhetewfierst below. A firm seal-material plug Y

needs to be used to enhance airtightness of th
rd to change, 1t takes time

e window

member. It is therefore ha

for maintenance, and efficiency decreases.

(0018} |
The present invention was accomplished in view of

the above-explained problems, and its object is to

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 being influenced by a

' i i e
measurement error as represented by vibration of th

wafer during polishing, in the double-side polishing



Consequently, the wafer can be i i i
_ , ( pol i shed at high productivit i
ﬁ;ﬁt?éc?ﬂf éhe waf er having a high flatness and a high snno?hﬁggshtgg be
v dod a? ihEOSESLrN?LEﬁvfgblthevﬁluraLity of openings are preferably
_ er t e. en the thickness of the waf is
Eggzrrsgrguilgg polishing through the plurality of openings pros{dgz at the
upper fur ang tﬁé Sol?gﬁiﬁ; ;Pﬁrp0|hShing slurry through the openings does
( _ ry does not enter the inside of th
openi ngs. A neasure against the leak is not th ©
Consequently, the maintenance of th ab ot bavome caon V;
Yy, _ e turn tables becones [
of a neasuring problem of the thickn besY oo osaed
. ess of the wafer can.b "
ggagg)thbreo¥§§pagayasmg$gﬂ das pbeiehaﬁﬁ%ep®$@%ﬁﬁ%§9iﬁh%tﬁﬁfgﬂg%fg;eﬁ;ﬁﬁér
o mafe? ﬁgvg%dgglhggagglgfaggg ?gcgrdigg to ;he present invention enabies
t he productivity2aian be nore i oy ool | ohi o Tno B et v e o
. | nproved by polishin -W
| . . y P hing in a batch-w se man .
7 the oo [nvegtLap s g6 gel b g dacpertormahan o ressur g
_ . 1gh uralit [ [
ﬁgze of si nul pameoiss| y p@f?%h¥ﬂgsﬁlﬁﬂd%%ﬁ??yl%ﬁﬁﬁg' ?gePkngsbaSXﬁ?m;gethe
ner, the thigknessessef @iliswahgrisocanubeaprecifsel y2ifFadiir ed.

pressing and rubbing the wafer, while holding the wafer

with: a lower turn table having a flat polishing-upper-
an upper turn table having
the

surface rotationally driven;
a flat polishing—lower-surface rotationally driven,

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 is thereby performed in a condition of a high



Moreover, timng of the switching of the polishing slurry is preferably
determ ned on the basis of at |east one of an elapsed tine froma start of
the polishing, a polishing rate, polishing stock renoval, and a lifetine of
a polishing pad. In this manner, when the switching of the
polishing slurry is determ ned on the basis of the elapsed tinme fromthe
start of the polishing, the polishing rate, the polishing stock renoval,
and the lifetine of a polishing pad, an appropriate response can be nade
according to circunstances against a polishing state of the wafer, which
vari es depending on the deterioration of the polishing jig material such as
the polishing pad and the carrier. The target shape of the wafer,
particularly | QVEMERt g pridkeseut@r aper tpheraitesag, histhabi | i zation of the
flatness, and the target_ amount of t l,i shi t ocke rempyal can be

t her ef or e r eaRlt49/ SR @?/%’ds.hl[“(?oéé]perr}%r%gdl\g?e%\%g?, at | east one of a

pol i shing | oagd; @ Jetattoncapeedishitchehgppafet iR Pabt¥ °8Kd a rotation
speed of the lower turn table i : ghangedasédaniingothe pol i shing
of the wafer B%d"tor?éj'bég?sgbef P&é’?ggﬁ%&l £?§Mof the thickness of the wafer.
In this manneaecmheningt theasliatosesotnth PEPFERTTY A5058° " 10t ati on speed of
the upper turn table, A150t ahd o repeesn ode tdoe ikioeveratt ligh t abl e is
changed, in addition to the $wtching w tg the slurry.hay agnagdif ferent
pol i shi ng rat erefirdirigitheapd| ik Mgeg‘?' thE wafer a mnute and appropri ate
response can be nade dusi Ao idie spebisieasg ceh bhenamffert@ifs-nst changes in
the polishing conditions due to deterioration of a nmechanismused for

pol i shing. Thé&%%&dler having a greatly high flatness of th otI)' shed surface
can be therefore swuabbyvabt aihrediufg2F10f Openlngﬁu?f%éﬁxﬁ%g? Jt}he pr esent

i nvention provides, a dou - Sl al-i shi@ .apparatus including at least: a
Sudh doUbLe-Sldle: B

| oner turn taBF®’ ng a pol i shi ng-u r-surfa ot atl 1y driven;
an upper turn .tabl @hhavilrg tdickaespdah & angf% - gﬁ%%a%ee r ot g??onal ly

driven, the UEQF{sﬁin” thabhén beinglarsmiged twopénirasi RGO AhEt | ower turn
table; and a carrier "having a wafer-hol di hol.g; fQringokdimg a wafer, the
‘appar at us corrﬁh?s‘il?fgeratﬁmr%%]tey 5f l%%‘ég‘%pngé“ plrjovli ded between a rotation
center and antgggeyoftnkthepeppers tioen tableecor the 1PGWBP tUFA %t able, and a
‘waf er -t hi ckness-neasuyrin chal) sHLf ofsimasur thg aenhingkneds of the wafer
through the pFE?%‘Wtd&ecs)f ggggni nglfé duri nséltgol i shing in real,fine, the

appar at us whemeasuthaopahef -t cled&sse ned Cﬁhieng hechanismi's fixed to a
fixed end excepﬁsé%nl%ﬁggrt}'ﬁélrrﬁhitn&bhen@élcbﬂ ool ower RS tRAACEST t he

doubl e- si de polishing apgrg?%rgtéjg.a (n%ggﬁlm% proble,{lrbft hins RIMERsswhen t he
a

plurality of 8p&Hi rijs’ fo uri ng the thi'ckness of the wafer are provided
at the 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

nt invention enables the wafer having a high
and the

prese
flatness to be obtained at high productiv1ty,

productivity can be more improved by polishing in a

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

polishing is performed while neasuring 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.

10



upper turn table or the lower turn table in the doubl e-side polishing
apparatus that can sinultaneously polish both surfaces of the wafer, a
frequency of the neasurenent of the thickness can be increased, and the
preci sion of the nmeasurenment can be thereby inproved. In particular, in a
bat ch-w se polishing apparatus that sinultaneously polishes a plurality of
waf ers, the thicknesses of the wafers can be simultaneously neasured
through the plurality of openings, and it can particularly contribute to
the inmprovenent in the precision of the neasurenent. I n addition,
when the wafer-thickness-neasuring nechanismis fixed to a portion except
the upper turn table and the lower turn table that are easily influenced by
vi bration during polishing, the thickness of the wafer can be neasured

wi t hout bei ngi9#®¥4luenced by the vibration and the like, and tthe pr eci si on
of the measurenent yaf.the t hi akorss cranebewiimer shedthickness O hr gugh t he
above-descri bed effect, the thickness of. . 1’l-tgah be accurately seen
inreal tinme #b¢ivfPolfshing a%ﬁ& ?rheo%éétcgig_e% de polishing apparatus can
t heref ore reagh{yrﬁmessﬁﬂmeathﬂa&kh@s%thwafh%b]ﬁdllingﬁ@ﬂem er into a target
t hi ckness. [0029) . Mre Vel herfl 2P0k sédtignpage anchmvionddw nenbers can
be provided on a p&l“i Ekﬁ%sr]g surface of the | ower, turn table gnd the upper
turn table, tbherpatd sifi mgep‘a@f%i(ﬁgsb‘%ﬁfil@@dg\gj t'h fioles having a di anet er
larger than that, of the 0pgniNgs -akrPesidiraase cord aspenli Ty f#6°t he
plurality of op%nl ngs, the w ndow rrenb?er st[hgavgg%leqlgq&aqgggbﬂear ger than
‘that of the opéntmgsiadied) il TEPRER Phat “of “t he Hol es of the polishing
‘pad and havi ng,a,4hickness, t tiainen ckhass tdfathefvaifF 56Fi Bhi ng pad; and the
wi ndow nmenbers can be separated fr Lgshbnsmiad.and are fixed to the
‘upper turn taBFasgred H’étgo&é‘?h tpurrer?q%%?gdﬁﬁr 'gugh an adhesion | ayer. [0030]
In this mannerpothe polishing pad and the w ndow nenbers are adhered on the
polishing surface qf the. uppeh.ityr s tahd ewacchire logwehe tralishab¥ e on which
‘the openings for neasuri n% t he thi ckness é)font he. wafers akeapriewisded, the

pol i shing padsberng ¥t oviedegah ¥ HEF8E " Having a di aneter | arger than that
-of the openingg.atspasidiapssa coimeesponds ng- A PRethf W&FFPV‘%f aopeni ngs,

t he wi ndow nmenbers. having a dja r &lerollan, tdat asofiiféemepeni ngs and
smal | er than PRAESHIS tfé’t%OI B%i%rm%ﬁesjﬁgtlg}?shi ng pad and having a thi ckness
‘thinner than that pélidmengobeghi ng pad. This structure enables the
‘Wi ndow menbers and the,pol ishiidg padntendewsepaiat ed fhem one anot her, and
‘'t hey can be separ at'el y adhered. \Wen onedogn ttrgl% Wi odowsepbers i s damaged,
the only wi ndewliehbed §i3rs¥pht st And°Changed so that it is not necessary
that the poli shipgepaghinraviceg ame unexpi pedclia Peti At i% &BPaped in vain.
Since the only w ndow nenber | yr ast-emav €1 chravdgeds cost for
di sposal of wRStdSMtAh rbaeer’eahgz&gdo,ﬁ%ﬁgﬁgunnin cost, Sa Nenteduged.

1ifetime of a polishing pad, an app opriat _
be made according to circumstances against a polishing

state of the wafer, which varies depending on the

C < . h
deterioration of the polishing J19g material such as the

polishing pad and the carrier. The target shape of the

. . 1
wafer, particularly improvement 1n the outer periphera

saqg, 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, a

rotation speed of the upper turn table, and a rotation

speed of the lower turn table is preferably changed

11




The separation of the w dow nenber and the polishing pad nakes the

mai nt enance easy. Since the only w ndow nenber can be changed, when the
lifetime of the wi ndow nenber starts interrupting the nmeasurenent of the

t hi ckness of the wafer during polishing, the only wi ndow nenber can be
changed with remaining the polishing pad. The doubl e-si de polishing
apparatus can therefore polish the wafer while neasuring the thickness with
hi gh precision and with reducing the wastes. In the present invention,
since the plurality of openings are provided, a plurality of w ndow nenbers
are accordi ngly necessary, and thereby the neasurenent of the thickness is
accurately perforned. As described above, it is necessary to set the
lifetime respect.ivel e f ReSEPAdAtanonhefbdtie wiftndow nenbers and
the pol i shi ng(?upreﬁ:rf.g f%‘@%ﬁcﬁtlé/ﬁr%é%voe%,? the wafer-thickpess-measuring mechani sm
_preferably hascanmrappeatzt o ke & WkBERRR h-Var V%ﬁ‘f einfrared | aser having a
light transmttabl ¢ wavel gRgtdy t hedgirt tiheswabee -of @ PRl 5Shd¥ner, when the
apparatus of a wavel engt h-vari abl e-jnfrare id1g aadl & ght
transnmittabl elewrePergtd R SBGH tHe “Raf %?pdﬁgs%égédp?él the

waf er - t hi ckness-Jmasuspag weEChaai smert herr efddet Pénc’%aﬁ@ffjr ut¥on the surface
of the wafer (a situation of ipterfe e d1iught wefiected froma front
surface and a®¥HdKOSuf? ace qulp?lhelr{ﬁaﬁgrg? %:tgén be egal uated,  and the

t hi ckness of ahereraher pelishbest hetepribasthe® Wi R M gh preci sion during
pol i shing. [0032] Mrgoyer, ,hhe.yewgengthrafpdrize tasere insdpreferably 1575
to 1775 nm ! \

during the polishing of the wafer against changes in the

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
an upper turn table having a flat

the upper

rotationally driven;
polishing—lower—surface rotationally driven,
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 measurlng 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.

{0028]

In this manner,
kness of the wafer are provided at the

when the plurality of openings for

measuring the thic

12



Lg\;ﬂhsanﬁ?gﬁrépgggn ;2e infra[ed Laser havi ng a wavel ength of 1575 to 1775
, r exanple, for communication applicati i
a laser for the neasurenent, te [ D baned. o he
_ , nporal resolution can be
t hi ckness of the wafer can be eval uat i [ O erget g the
ckne ed with higher prec i
Pollsh!ng. [ 0033] Moreover, the wi ndow nenbers ?s prgfer;E:SHI?;L{ng
ransmttable by the laser radiated fromthe apparatus of a
ﬁgﬁgéfgg}g-rarkﬁble-lnfrared | aser. In this manner, when the w ndow
ig transmttable by the | aser, absorpti ’ i
the | aser at the wi ndow nenbers can b : Pnd e docr easen
\ e suppressed, and a decrea i
fh;egg;h of the neasuring | aser can be thereby suppressed. The ;seg?sion of
Lhe eoVefur tegglrg,\tﬁg?fet&{}ﬁ_t\a%i@roxcamebeomquuenwlﬁ red&hfi YHEX-S [ 00341
, ' r-thickness- ' [ -
bul k¢ hi ckness dof Bt e highernaTreas L (i dr e By AR SO ©° @
}Bhgggezarfaéiﬁgl%gﬁ?k5B30ﬂ§a§umed¢ranidbﬁﬂ&?n@%ﬂﬁkEBES of the wafer can be
A . . .
| her by made TEPGEEI B 8t BBt LI Chnecs TLopaa] ooed tater can be

precision of the measurement can be the
in a batch-wise polishing apparatus that
the

eby improved.

In particular,
simultaneously polishes a plurality of wafers,

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

and the double-side polishing apparatus can
polished

polishing,
therefore readily process the thickness of the

wafer into a target thickness.

{0029]

Moreover, a polishing pad and. window members can

rovided on a polishing surface of the lower turn

be p
d the upper turn table, the pdlishing pad being

table an

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



Moreover, the plurality of openings are i i
, _ pr ef er abl rovided with
?ﬂually spaced at a periphery of the upper turn t;bFe. In this naaggp] when
th?cEnggg'g;ytﬁL opsnlngs aLe provided with them equally spaced, .the ’
waf er can be readily nmeasured, and the i shi ng
t hereby performed with high precision. In it i P hey g orovid
_ _ . addi ti on, when they ar [
at the periphery, the thicknesses of all of th , L be Toutar o
. i phery, hel d wafers can b
during polishing, for exanple, with the f . i o Do pasred
: , : , our-way doubl e-si de i shi
afpaLatus wi t hout a bad influence on the polishing. Wen theypglgsglggided
g the upper turn table, the leak of the polishing slurry through the
bggghggseggg b?nsgggyfssed, and Lhe mai nt enance of the turn tables thereby
) addi tion, a risk of a measurin r.ob - 1.h i
?L thefmafertj@nWbed@uﬂﬁﬂé§$%d?”‘FGOS%?aWH? o&@ng¥ﬁbk§?£§%J§ng Eglﬁﬁ?gﬁs
ofetﬁg gg;bfeég#gggz%?§Qﬁgéamgsm&@hapbsnnh&nptebb¢ab1yhﬁikéﬁﬂis a housi ng
( - i shing apparat us, In this
gafg{-th!ckné§§?n§é§ﬁ?ﬂﬁﬁ°ﬁg%h fgﬁfféo?f¥3€rét t he houg?zgeg% rﬂ:n the
Cgﬁ bg-5|de paloizshi ng apparatus, the wafer-thickness-nmeasuring mechani sm
hafer can be. measUred VPt FERGH brach s on TRt ough the plural 1ty of
. . n rou t he pl i
gfe?kggaéfAnkambgenasaGwhnoé@eﬁbaﬁebéoihﬁﬂéﬁysgéﬁﬂﬁé§g ﬁ%%lihg ?Lickness
er can red.,w i r laBI i i shi
Mor eover , trufgﬁeﬁdgﬁgﬁgﬁﬁggsogﬁ%théggsagﬁheﬁgzngnOdu“Mng perishing. [0037]
openings for measuring the thlckegss o% the wafer are

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 pe changed, when the lifetime of

the window member starts interrupting the measurement of
the thickness of the wafer during polishing, the only

window member can be changed with remaining the

polishing pad. The double-side polishing apparatus can

er while measuring the thickness
In

therefore polish the waf

with high precision and with reducing the wastes.
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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 tlxclx8/ 100>to-t2
and a relation of _twnw>t,n, or twnwt,n, are preferably satisfied, when a

t hi ckness of each of the w ndow nenbers is tw|[nm, a refractive index of
each of the wi ndow nenbers is nw, a thickness of the adhesion layer is t2
[m], a thickness of the wafer is t, [mn, a refractive index of the wafer
is ns, a thickness of the polishing pad is t1 [mm, a conpressibility of
the polishing pad is ci [%g/cn2], a maxi mum polishing load is P [g/cn2].
In this manner, when the.relation of .1ixel XRAQQet, Wit Zpeaisadi sfied,

prot rudi ng oft??u?ﬁﬁsﬁaomf?%ﬁﬁiﬁpg'f%%ﬁ%etEégp%Iishiny pad can be suppressed
during pol i shing,prandddet er irdraei bey off ﬂﬁéd?féfﬁgggsd?xihe waf er at the

W ndo“’nEnberScé@?&iﬂﬁl?”ﬁ%%é?%%% . and therebyi @ddinthemensnenothe relation of
twnwst sns or fwaw<tons’is satisfied, it can bqjsuggr6§§g?b£$at t he

measur enent beores cdness cil Y TRVEr &5 H8tWeen peaks of reflection Iight
at the wi ndow,pppbers andhéafdaeyi on ddtghbeati tdtenpaferpectdrebkanpl e, in

the case of using laser for the peasur nt theLhicknagscgf the wafer
and a decreas%@?%”fh@fpF@%F?ﬁ@ﬁano?H%ggggsﬁggﬁ%ntecan be suppressed.

polishing pad.

{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
tfransmittable wavélength through the wafer is used as

the wafer—thickness—measuping 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
'increased, 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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The wafer having a high flatness can be consequently readily obtained while
nmeasuring the thickness of the wafer with high precision. [0039] As
expl ai ned above, the wafer polishing nmethod according to the present

i nvention enables the inprovenent in the deterioration of the shape of the
waf er, such as the outer peripheral sag, due to small changes of the
pol i shing conditions during polishing, the changes which are acconpani ed 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
obt ai ned. In addition to these, since the polishing is perforned
whi | e neasuring the thickness of the wafer, the timng of the switching of
the polishing agent can I om#hgehasisaf the deterioration of the
pol i shing ji goﬁeﬁ ev?eivael%egggkhq%g@?ﬁgepol | shi ng pad a gr%h_% ¢aptd er, and the
target amount of tHe pol$ SHirAGT st'GI" Fé‘ﬁn\?h‘?d Cafi“be obtained in relatively
short time. The, brodychiyity {GaN 188et henabopei smpmovedfledidofati ati on of

Mor eover, the present | nvention provi es t he d@éjtgu%-%glgecpolah@m ng
apparatus pol Fbfi FrpashitetedsifPg™the thickness of the wafer, the

appar at us whi gb.gads Pekf et remplh shii nige wirdse r keaskaseig theé®® hi ckness of the
wafer with high precision wthou ej .0kl uenced hyasudemasureirent error
as represent eghﬁW}f%e”\?ipﬁFiﬁcg’n ir) Qt %Q;ng%gir] during polishing, does not
have a parti cyharwaesat eanhas ense@wupuhhy ri‘g*‘déo%’t?hec‘gn readily carry out the
mai nt enance, 288’ &an polish while neasuring the thickness of the wafer with
hi gh preci sion. BRI EF DESCRI PTI ON_OF THE DRAW N%%u%%é'ueéﬁlaﬁisnl is a view
showi ng an exanpl e Mofreave¥ el e BASHT P HETNRERN "an 6l apsed tinme from the
start of pol i-?EEP&réﬁ% wakehréana bhekt thiokness of thee défer in case of
switching on the basis, of a targef thick ,tHi 1khB8s Ve enepol i shing

net hod according tdmn ﬁ@lbr’%aé’élﬁtr’iW\l/%rrl]{ulhgengﬁﬁetﬂl%ki s a Vi ew showi ng an

anot her exanplgref & measured, an actual thickness of the wafer can

pbe 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. 1In addition,

when they are provided at the periphery, the thicknesses

of all of the held wafers can be 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.

16



rel ati onshi p between an el apsed tinme fr [

_ _ omthe start of polishin

?Eg EPESEE;CFRSZﬁt?LthEI2?fgrz in the wafer polishing gethod agcgrgiﬁgffg
_ ; is a view of conparing the flat

waf ers polished by the wafer polishing nethod of Exgnple 1 gfnfﬁz g:eggﬁt

i nvention and Conparative Exanple 2; F i i

_ : IG 4 is avie i

contour line a surface shape of the wafer in Exanple 1 of thglzrgggzg by @
i nventi on and Conparative Exanple 2; FIG 5 is a view show ng an

eéﬁrELe of ﬁ rel ationship between an el apsed time fromthe start of
p ing the wafer and the thickness of the wafer, in a conventional wafer

pol i shi ng net hod; FIG 6 is a view i

. . ; . showi ng an anot her e

;ﬁgatkgnfﬂ!pkbetmeen an el apsed time fromthe start of polishiﬁgnPL: a;fgr
i cknesxslof the wafer, in a wafer polishing nmethod; is schematic

vi ew showi ng an expppl& f, the ngkshhagt@ppakatuseaﬁﬁbﬁdlng to the present

is a graph showing a relative frequency and
I
of the thi cknokbeeazbrars BTG O 00 vBr o & heri Shedt wreh the | ueneY

doubl e- si de pggﬁ§ﬂkpgfapp@nahﬂﬂeksl&kamphehQHQHﬁKEﬁﬁﬁé?at|ve Exanpl e 3;

exanpl e of the double sj de
this manner, when the wafer- thickness-measuring

mechanism is fixed at the housing of the double-side
polishing apparatus, the wafer-thickness-measuring

mechanism can be protected from vibration and stain and

also the thickness of the wafer can be measured with

" high precision through the plurality of openings. An

influence of 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 tpdth/lOO>tw+tg and a
relation thtwnw>tsns or tyny<tsns are preferably
satisfied, when a thickness of each of the window
members is ty [pm], a refractive index of each of the
window members is ny, a thickness of the adhesion layer

{pum], a thickness of the wafer is ts [pm], a
a thickness of the

is ta
refractive index of the wafer is ns,
polishing pad is t; [pm]l, a compressibility of the

polishing pad is - [%/g/cmz], a maximum polishing load

is P [g/cmz].

In this manner, when the relation of

17



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

w ndow nenber of the present invention (a) and a condition where the w ndow
menber is adhered to the upper turn table (b); and FIG 12 is a view of the
upper turn table and the carrier in an anot her exanple of the doubl e-side
pol i shing apparatus according to the present invention, as viewed froma
side of the polishing surface. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON
Hereinafter, the present invention will be explained in detail wth
reference to the drawi ngs. However, the present invention is not restricted
thereto. FIG 7 is schematic view showi ng an exanpl e of the double-side

pol i shing apparatus according to the present invention. As shown in

FIG 7, the doublessi i shi ng ;appas atpstiQdaesartdichg tindowe present
i nvention incl ngé%@ﬁggfgﬁér§t urn tabl e dl%&gat\)/é ng E?gséé@tduring
pol i shi ng- uppeeserfadeon2ah oAt PBhRY IRFUFFUen: THhe upper turn table 11

having the flat;polisf)i Bgal een-isustaee dil ahe oflatinonal ¢§ @ ven, the upper

turn table being arranged with facjng ta the Rl stEga table 12; and the
carrier 13 haVp @rtahtetgbﬁf %}Q%Odﬁ Hflﬂfée%%lcganf or %ml ding the wafer W in order

to hold the wafer Wh aadiwleo wheh udes rehatiglf &ft hittkh€ssCheasuri ng

mechani sm 16 for measuring | '}ﬁeﬁhi gkness pef sthigcvatertduning pol i shing.
The plurality "8t 6p&ni ngs T4 for ' measur i ng the K
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 of the wafer,
and a decrease in the precision of the measurement can
be suppressed. ‘

The wafer having a high flatness can be
consequently readily obtained while measuring the
thickness of the wafer with high precision.

[0039]

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

produétivity can be therefore improved, the variation of
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t hi ckness of the wafer during polishing and a polishing- slurry-supply
mechani sm 15 are provided at a side of the upper turn table 11. [0043] As
descri bed above, when the wafer-thicknessneasuring nmechanismis fixed to a
portion (a fixed end) except the upper turn table and the |ower turn table
that are easily influenced by vibration during polishing, introducing
unnecessary data, such as noise, into the neasured raw data can be
prevented. The precision of the nmeasured data can be thereby remnarkably

i nproved in conparison with a conventional apparatus, and the thickness of
the wafer can be thus accurately neasured. Mor eover, when the
plurality of openings for neasuring the thickness of the wafer are provided

at the upper turn table or the | ower Ns4-A8l eantihend vequenmp of the
nmeasur ement ofhg F&IERTEINESS ESHW%%BW%g%eased. n particular, this is

preferabl e fogetfiea€ageimfrosienul t aneously polishing a plurality of wafers
in a batch-wi se manner, and the precision of the neasurenent can be thereby
i mproved. [004%%rough these effects, the thickness of,the wafer can be
preci sely seen durMmgxp@kbshhﬁgﬁ#ﬁ?éénﬁ%ﬁ?@ﬂﬁnmff% a conventi onal _

appar at us, ang?ﬁgy%_g?ggl5gﬁ?sﬁgngog Siangs applarsating ¢ahl g herefore readily

FESESEhe thlcmeiiiﬁ%g ngijgcki2§s<ﬂgi " %éB%% %%eaaﬁﬁﬁgﬁhsthICkness,

which can perform polishing while measuring the

thickness of the wafer with high precision without being

e
influenced by a measurement error as represented by th

. . . a
vibration of the wafer during polishing, does not have

L i eadil
particular waste, has a low running cost, can r \

carry out the maintenance, and can polish while

i i high precision.
measuring the thickness of the wafer with gh p

BRIEF DESCRIPTIONAOF THE DRAWINGS

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

i £
relationship between an elapsed time from the start o

polishing the wafer and the thickness of the wafer 1in

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

the wafer polishing method according to the present

iny ellthIl,
EIG. 2 1s a \YJ W oW (3 ()tller exal[\ple Of a

i f
relationship between an elapsed time from the start o

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

the 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 Comparative Example 2;
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Her ) ) )
fixga Egﬁ L;xsﬂ eRd to which the wafer-thicknessnmeasuring nechani sm 16
lixed can be abg ouakng 18 of the doyble-side pol i shi ng appar at us >
Che housi no of the donbl e o de nal1 Shi ng Spparatus rechani smi's fixed to
ous| _ - _ g apparatus, the

E?L?L t?hfzngffgﬁgsualng nechan!sn1can be protected fromvibration and
noise'into o neasbrgdsggfgeiflﬁﬂ oIhqaLa deterioration and of introducing
'hi ckness of |the wafer can be e i ckness during polishing. The

( of t t herefore nmeasured w i i si
o TR ehi me. Tt _ ed with higher precision

g. y be of course fixed to the fixed en
ﬁ;?EPLﬁénzge S?LL;P?oﬁfo? Pﬁuse, but this has a d!sadvantagg 3;ihf?;gard to
mafer-thickhess-nég§urPnﬁsﬁbgﬁgﬁrgkg%gébgﬂdeiimbﬂé Lk Thi toneor®ti the
n neasureJ% bngy%chkness Qf t he

waf er . V4 i i
_ reienoiha pt betkees snoflepee W& FEYLUY'E
waf er-th - i i i d w L he
N Cknesgcgpﬁﬁégﬁg?s%tgh%gwgggyaﬂdsmstﬁmnaugkof hitckmesst, d@m act ual
r-during polishing is neasured, and the thickness of

the pol i shed asmfvent varmlbeatferrsided i FadE 1°6<
v _ ser to a target i
; et th
an be of course tpﬁhtglggngsgeqfsaoﬁxagIaayenotﬂenaaS@mp%gﬂé%? 1852$fs' '

Moreover, the wafer-thickness-nea i i

’ : : - suring nec c

of the mavelen@@hlV@@WﬁbPéFﬂ??%ﬁ%ﬁeﬁﬁgg?dhé@%25§g%%?bh?@f$gx§}§Pfagfgarat“S
in a

Mﬁvelehgth tq&ﬂﬂghiﬁ@aj%ﬁhéfer and the thickness of the wafer, in

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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AS .
Iasgssﬁgb?ﬁd Zbloye,h when the apparatus of a wavel ength-variable-infrared
as mafer-tﬁick ight transmttable wavel ength through the wafer is used a
Lhe front_surpgss-ne?surlng nmechani sm a situation can be analyzed, in >
which front-s bacﬁe reflectlng light reflected fromthe front surfacé of
the vafer and bac -?ur ace reflecting light reflected fromthe back surface
of Lhe va of’th of the input laser to the wafer, are interfered. The
e o of e wafer can be thereby evaluated during polishing with
prect si on 0 an order of nagnitude of a few nanoneters to some dozen
mavelength-&a - In addition to this, when the apparatus of the
vave. ength- \ [La e-infrared laser is used, a great difference of the
Lhi ckness of ®g@¥afer to be polished can be managed by changi ng the
waye togb h[ laser to be input, and a |ight source itself does not

e changed, .JThe,£ast, C8Re herdsens iededeédn FODUET The maveleng?h of

the | aser can be 1575 to 177 j bayee
havi ng a wavekept H sk iTSq%Féanggﬁg Fefenéﬁéed@§anb@Qaﬁ e Strenett
I'mis used, a decregsgvh%tghe strength

0

of the reflec i e s : ;
i86ct@sercnevbieferits icamseEPbyt REtabSUr i on a part of the

measuring |aser into, the wafe b
S L9 el el " 2 d RSntBlSlc Gt Bfoald SHI Bgariel 0F, 102N DE SuPpressed.
Jid i gh. py.8Gkston. [ 0049]

The pluralitydehbopeniqegeolisiciayy B
: EPRFI HEF R/ Th 1 he
t he perlphery,ofegpe upper turn table 11. As describeg]gggsglym;gﬁcfﬁeat

plurality of SP&RTAGS’
: 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 l2a rotationally driven; the upper turn table 11

having the flat polishing—lower—surface 1la rotationally

driven, the upper-turn table being arranged with facing

to the lower turn table 12; and the carrier 13 having

the wafer—holding hole for holding the wafer W, in order

to hold the wafer W, and also includes the 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 16d 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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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
measur enent can be suppressed, and the mai ntenance of the turn tables
thereby readily carried out. In addition, a risk of a measuring problem of
t he thickness of the wafer can be suppressed. For exanple, in the four-way
doubl e-si de polishing apparatus, it is advantageous to neasure the

t hi cknesses of all wafers. [0050] In the case of changing at | east 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 blgssidler poetd shibng apparatus 10.
The at |east BHERH tgepﬁ??%%%#grnl (t)%l%fe glngtkgetai on speed of the.upper turn
table 11, a rokatixor speetyofntlventehery tdPA2E LR UF3" 8 'BE flﬁg'r eby
changed. Accordin .o an ri-gt g.fL£SRABRCasadibBe, MU® &bai nst the
changes in pof?%%%r%lg n‘éﬁ%t??o%e%%aégegto t he get errhi oratiqn af ¢ he polishing
jig material secdums rhe potd SRS pREERGthe Carfier, tﬁe changes whi ch
are proved fr g;tr{}%s@@guaggg tdinckBesse @byt hemavfapd ydimimayefol P shi ng of the
waf er. The wafer having a very hi gh flaétnggﬁagﬁt&gﬁeaggr{&ce after polishing
can be t her ebyompabisprobt & e £O G059 %An °5Rot her 'pref er r ed eiqbodi nent of

t he doubl e- si dg; paldsshbRgr Rppermirusamdeortdivaga ¢ e & L prie’deit “Favent i on wil |
be explained in detail with refe oflQpehklfys ¥br and FIG 12.

FIG 10 is a schenfffe¥iew"s 68w£ﬁgcp:lr‘1ltr§rl1£% er efarrpllgge.gf égetggubl e-si de
pol i shi ng appaeaswsi rac cor dfmge ke sshet press @A oF nteh i eh T8 &5, "11 are views
showi ng an out Line of t Iggby\é nolowaenbesr afurhheapresent framstrdn and a
condi ti on wher8”the W ndow nenber is attached to the ;yUppersedyurn tabl e.

t 15& 1

of the measurement of the ness can

In particular, this is preferable for the case of

simultaneously polishing a plurality
and the precision of the measurement

of wafers in a

batch-wise manner,

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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[ 0052] The doubl e-si de polishing apparatus 10' includes at |east: the | ower
turn table 12 having the flat polishing-upper-surface 12a rotationally
driven; the upper turn table 11 having the flat polishing-|owersurface Ha
rotationally driven, the upper turn table 11 being arranged with facing to
the lower turn table 12; the carrier 13 having the wafer-hol ding hole for
hol ding the wafer W the plurality of openings 14 provided at the upper
turn table 11; the wafer-thickness-neasuring nmechanism 16 for neasuring the
t hi ckness of the wafer W through the plurality of openings 14 during
polishing in real tinme; and the polishing-slurry-supply nmechanism 15 for
supplying the polishing slurry. The polishing pad Il b is attached to the
pol i shing surface of the upper turn table 11, the_polishi d being

provi ded w t hpthe tioheduhind mglasiyishet &F T3Hf é)&o%fh%"nurtss%at@g’é%@t he openi ngs
14 at positiops gorrgspandidg 0 sbheeplnnal, i tye ofeidpeni agst PRSThe
pol i shi ng pad 1269 s attached to the polishing surfage: ofeqbhee] ower turn
tabl e 12. Thebwf ndow wafberdl spGVARA H %itgiée ter larger than that of
plurality of ng&égyym RgstH4 andrstmd laerd tthanltifat of the holes of the
polishing pad |1 b and having a thickness thinner than that of the polishing
pad I Ib is atf8ehed to the polishing side of the plurality of openings 14

t hrough t he adhesi gBrtayer, 20e W&ﬁ?nmtﬁdéwﬂﬁﬁﬁﬂ§ﬁ§”i?“bﬂ?cééﬁé?%ted fromthe
polishing pad_Lib and _are f]j t dpper twy rvatfabl e 11 t hrough t he
adhesi on IayeF62ﬁ¥1Fﬁ@ggfeﬁéﬁﬁﬁfhgﬁ%%ﬁi7, the wafer-thi ckngsssareasuring
mechani sm 16 may hawep flor thighpds oft tPEa¥t ' Th&6ptical unit 16a for

radi ating |aSgrf%ngqy%kW@gguméggu&hﬁgphﬁﬂﬁndemet$OﬁwléblFor detecting the

| aser reflectéd fromthe wafer W th | aser; %Rﬁﬁ%ﬁe%”ﬁﬁrﬁ§?1 and the

cal cul ati on/ cohigtesmi fP18G Y0 tééfgﬁsaii ng the thickness of the wafer
fromthe detegtedshasertis [0954]edSi ave thve tabeteededlr FRRPUITEFE- si de

pol i shi ng appar at us ha%gt he_ stfuUct HLg.Woese t he wi fdewrmenbelrsesand t he
te [

pol i shi ng padVafer s&phrat §4° 71 s not necessar¥ &ﬁzigrgp §He polishing pad
y da

havi ng an unexpi eed He fodt Foerdsy téRahBt HE97e °6n maged w ndow nenber,
and a frequengglo&aﬁggnging the polishing pad can be greatly reduced. A

[0047])

Moreover,
16‘can have the apparatus of the wavelength-variable-
table wavelength

the wafer-thickness-measuring mechanismnm

infrared laser having a light transmit

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

. . . . an
the wafer—-thickness-measuring mechanism, a situation ¢

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

i me dozen micrometers.
magnitude of a few nanometers to 8O

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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waste of the polishing pad can be thereb
_ _ y greatly reduced. In i
Lrﬁrg{?fsngf|?x:nt|on.perf?rns an accurate neasurenent by prov?g{;bC?Lgr1
_ openi ngs for measuring the thickness of th
plurality of the windows, and this is theref anded ha M
doubl e-si de pol i shing apbaratus also h ARt Mot M
( as the structure where th I
w ndow nenber can be attached to the turn s there
. . tabl es. The change is th b
easy, and the nmintenance is al so eas asur; Srevy
: _ _ y. Moreover, by nmeasuring t
;ggﬁnggi]ozhéhgor?;ﬁ{ndurlngbpollshing with the ma?er-thickngssPﬁeasuring
_ _pol g can be stopped when the thickness of th
during the polishing reaches a target thickness, an occurrence o? 2ﬁ£$;ce

roughness of the wafer due t [ Gl i shi
br egent od, _andhia i BAREIEPYC SIS BE be AT ol 0060 THere. “an adnes ve

?Tgﬁggs gggt ggtgaﬁg_i:n@uw efrer abl yglus eduase t Heseddhesf oM Itaf8F 287 The wi ndow
e T ow cost . P QddEFon. S REE 1HE Saneey ve Hadble coated tape is thin

_ ) _ , _ e doubl e coated t i i

its unevennessoosisnmall, the variation of an attached angle ?gesgsshgir and

th , , .
asaih;twg?n bfh!QQRQeggvé?%%gEﬁaéf”E%eOﬁagétscawwuﬁ11am50¢mikﬁﬂS sypstemis used
as er-thi ckness-measuaring nechani sm an adjustg%n of the attachnent
Wt respect to a RPegiescaiPsdi abqity HBERsYH v255hd 1 He change becones
asier. [0056Lave1ength,of 1575 to 1775 nm is used, a decrease in the

strength of the reflected laser, which is caused by the

absorption of a part of the. measuring laser into the

wafer and the polishing slurry, can pe suppressed, and

the thickness of the wafer can be measured with high

precision.

[0049]
The plurality of openings 14 can be provided with

them equally spaced at the periphery of the upper turn
table 11.

As described above, when the plurality of openings
are provided with them equally spaced at the upper turn
table, the leak of the polishing slurry through each of
the plurality of openings for the measurement can be

suppressed, and the maintenance of the turn tables

thereby readily carried out. 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 ldwer 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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As shown in FIG 12, in which the upper turn table 11 and the carrier 13
are shown as viewed froma side of the polishing surface, the plurality of
openi ngs 14 can The wafer-thickness-nmeasuring nechanism 16 is desirably
fixed to the fixed end except a body of the doubl e-side polishing apparatus
10" in a vertical direction fromabove the upper turn table 11 or from
below the | ower turn table 12 of the doubl e-side polishing apparatus 10

wi th keeping a distance to safely operate for a worker. In this way, the
waf er t hi ckness-measuring mechanismis prevented fromrotating together with
the upper turn table or the lower turn table, and the

waf er -t hi ckness-nmeasuri ng nmechani sm can be thereby hard to be influenced by
the vibration of the upper and | ower turn tables. 5 of t he

waf er can be phersfiome appasfived 16t t FPRi gh Predi §P%n ag ition to this,
contanlnatlon6g§§ torg@gtggl@@Qbagoﬁhﬂ@rypp@ﬁ<mﬁmred0bedlbyakeep|ng sone

di st ances as wth FIG 7, the wafer-tpicknesseramasuring
nechanlsn1canrné@§UﬁeSPH%dbU1%hﬁh}%%ﬁéggr W%L Wafer: When the thickness

of the wafer pgasyed W th the wafer- thlckness measuri ng nmechanismis the

bul k thickness, an actual thickness t he, wafebnsdudmpeprbdshing is
measured, and t he @ﬁFBRﬁH&QYOfa?HEnH%%r d Sﬁ%g? can be thgrefore nmade

closer to a taggetst hineknessyes 0@59¢1lshlnq CO*}%&%OPH Gt

waf er - thlckness nmeasur.i.n chani,sm sanghave &@ﬁnﬂppasanmgunthehe
wavel engt hvar i A5bFetS |ﬁ%ragegplase? havi ng a I| ht transmttahle wavel ength
through the wabeishing pad and the carrier, anges v

proved from the measured thickness of the wafer during

polishing of the wafer. The wafer having a very high

flatness on the surface after polishing can be thereby

stably obtained.

{0051]

An another preferred embodiment of the double-side
tion

10,

polishing apparatus according to the present inven
will be explained in detail with reference to FIG.

FIG. 11, and FIG. 12. FIG. 10 is a schematic view
polishing

FIGS. 11

showing an another example of the double-side

apparatus according to the present invention.

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

upper turn table 11 having the flat polishing-lower-
turn table 11

table 12;

surface lla rotationally driven, the upper

being arranged with facing to the lower turn

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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As descri bed above, when the apparatus of a wavel ength-vari able-infrared

| aser having a |ight transmttabl e wavel ength through the wafer is used as
t he waf er-thickness-nmeasuring nechanism a situation can be analyzed, in
which front-surface reflecting light reflected fromthe front surface of
the wafer and back-surface reflecting light reflected fromthe back surface
of the wafer, out of the input laser to the wafer, are interfered. The

t hi ckness of the wafer can be thereby nmeasured. during polishing with

preci sion of an order of magnitude of a few nanoneters to sone dozen

m croneters. In addition to this, when the apparatus of the

wavel engt h-variable-infrared |l aser is used, a great difference of the
thickness of the wafer to be polished can be managed by, cl QliP? t he
wavel engt h of thheupasere péub@l1mpﬁﬁ,OQWH”Eﬁelﬁiﬁﬁg”gbﬁrce %t%e does not

need to be changed,; Ihe ,6astn£afhiaent hyss nedyeedpp[0060hanisn 15 Mor eover,
the w ndow nenbers can be |light transmttable by the |aser radiated from
the appar at us fof aupRWEINEn§ER-RAYISEBPE- ¥ dred | aser . . As descri bed
above, when the wi nﬁgwfeg{rgeirrﬁg icsdl L Ohtist pansai¢d dlgl ehdywaRENf2Ser, a

decrease in strength of the measuring, |aser, ;due,to,dhenabksas4eti on and
reflection of sEéaFaser Y Pﬁ%?ﬁﬁﬁlgmfﬁgf er's canq%e suppressed. The

thi ckness of thenwapesvicen bech herebyleaedsuried di ¢eHitGhet®PHeci sion

[ 0061] The wi ndow nenber n made 1 of s PlRst i ondlaf@ rethorsiiwigndow nmenber s
made of plastﬁgapngF%%énitﬁglo %%Qggof p?astié. qu?h%ﬁndqﬂﬁqggbers made of
plastic has excethentlistadadiynefsoreniada FteqdBncy® of° "changing “the w ndow
nmenber can be thereby, feducede pon @ddnyi onytasienc€ tite ilovkowrEdst, the cost

r ir for th han n r : 2] . .
equired fo tta]eolg ?2 geng wibnedowecrinlé(r:nggrs [1%0§1a171ng a diameter

larger than that of plurality of the openings 14 and

smaller than that of the holes of the polishing pad 11b

and having a thickness thinner 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 11b 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 16c, and the
calculation/control unit 1éd 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
and a frequency

A

changing the only damaged window member,

of changing the polishing pad can be greatly reduced.
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Here, the relation of tixC xP/100>tw+t2 and the relation of t.n.>tois or
t.n.<tsns can be satisfied, when a thickness of each of the w ndow nenbers
ist. [pm, arefractive index of each of the w ndow nenbers is n., a

t hi ckness of the adhesion layer is t2 [pm, a thickness of the wafer is ts
[pn], a refractive index of the wafer .is n" a thickness of the polishing
pad is ti [pm, a conpressibility of the polishing pad is cl Pol g/cn2l, a
maxi mum polishing load is P [g/cnR2]. As described above, when the rel ation
of tlxclxP/100>t.+t2 is satisfied, the protruding of the w ndow nenbers
fromthe polishing pad in the direction of the thickness can be suppressed
during polishing, and the deterioration of the flatness of the wafer at the
Wi .ndow nenber@asct%notgeﬁygih’ﬁ%&@dg gae caaf ee hisaiehy areaddoel | ent fl at ness

can be therefore obtaine L0 0 theLekatdon of
t.n.>tsns or ¥&feesnsit §a§§fF§H%dnCh|et pE%%ernce l%gpr ‘essed that detected

strength is d@{@"a%%&dtbyméahﬁlr@meﬁtahw etowme e Anpedies PoEraHé Yr 8f | ection | ght

at the w ndow merrbers and_the r QR khobt ats thecwafarerfor exanple,
in the case of"USPRG I"d8er° Slreagkﬁr?r?}easur ement of the thickness of the

waf er. The tmmwwspaﬁrahaetwv&fferh@arms@wsv heteftdie heddGr84°W th hi gher
preci si on. 063O]mJ—§/r gihafdLr., the wafer polishing method according to the
present i nven?l on um\ﬁg@t he above- descrl bed (éoubl e- 51n pol i shing
apparatus will be Bkpldd RO S PR WRRAR 2 present |nvent| on is
not restricteg thenetoynhl 064 bhigtyiddoe wahiesr toanblee poltiashed is set to

the carrier. to the turn tables. The change is thereby easy, and the

maintenance is also easy.

Moreover, by measuring the thickness of the wafer
during polishing with the wafer-thickness-measuring
mechanism, the polishing can be stopped when the
thickness of the wafer during the polishing reaches a
target thickneés, an occurrence of surface roughness of
the wafer due to excess or deficiency of the. polishing
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. In

addition, since the adhesive double coated tape is thin
and its unevenness is small, the variation 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 qxis 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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The wafer is held with the i shi
waf pol i shi ng-1 ower - surface of
Bg::gﬂ:gg ?gpg[ésgrgaazlof the lower turn table, and thgecgffsgrtugzdt32|61
Poer "t ud tableraed h|Ie supplying the polishing slurry and rotatin tﬁ
upper turn tab oln hF e lower turn table in a horizontal plane [006%] Ie
this thrbugh tﬁe IF ing is performed while nmeasuring the thickhess of thn
valer through tf bP urality of openings provided at the upper turn tabl o
the polTonin mj?h e. The thickness of the wafer can be thereby seen d fine
the polls Ofgth ogt st oppi ng the polishing and in particular the e
Lo ekness o thiekma er during the polishing can be seen at any tine
Phor oty | ndged ahnfss reaches to a target thickness of the wafer cah b
ther eby | rg ile performng the polishing. That is .@@ 1 t he ©
Lhi cknes thea}gﬂlqisrsothvi@dadtmgettmem ehinesly 6P %af%? Rah bg ?%fged Wi t hout
consequent |y E@ﬁdﬁ%ﬁ?g Hggﬁlﬁgﬁbﬁlyg {ﬁgg;red_for Lhe Polish ng ban T
kgtﬁog ggggfé_thlckae@sswﬂﬂﬂﬁéu?bﬁY%déﬁ@Pnf%?ﬁ%ﬂﬁﬁﬁg?ﬁéMﬁgﬁé?ﬁﬁgi?ghp0||8hed
with a poli Sh'aPé? 5ﬁ%vﬁ'a@dp£€$&@ uppYention tabhe, poldtshPng S urry is sy

p 'ng slurry having a dlffenqu QRLi&&kﬂgtunqtable d s tehed

window members are also fixe

the measure against a slurry leak and the like is not

necessary, a splashed polishing slurry can be readily

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

{0057]
The wafer-thickness-measuring mechanism 16 is

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

pelow the lowerxr turn table 12 of the double-side
with keeping a distance to

polishing apparatus 10'
the wafer-

safely operate for a worker. 1In this way,

thickness-measuring mechanism 1is prevented from rotating

together with the upper turn taple or the lower turn

table, and the wafer—thickness—measuring mechanism can

pe thereby hard to be influenced by the vibration of the

upper and lower turn tables. The thickness of the wafer

can be therefore measured with high precision. In

addition to this, contamination due to the polishing

slurry can be reduced by keeping some distances.

{00581}
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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with a certain timng. For exanple, the wafer is roughly polished at a high
rate wth the polishing slurry having a high polishing rate at the '
begi nning of the polishing (a condition of a high polishing rate).
Thereafter, it is changed, for exanple, when the thickness of the wafer
becones a target thickness 7. In this change, the polishing slurry is
switched with a polishing slurry having a | ow polishing rate during the
polishing to precisely polish the wafer at a lowrate (a condition of a | ow
polishing rate). The polishing nethod as descri bed above enabl es a total
time required for polishing the wafer to be reduced. The polishing in a
finishing stage is slurry of wafer of all wafers can be neasured, the can
be nmeasured wiytRehi @in peeehstmhreanddé hel peki shi ag-acaetbehidi@céby per f or med
wi th high precision. [0068] Here, the thickness of the wafer can be

measur ed throdBﬁS?he plurality of openings provided at the upper turn
t abl e. As with FIG. 7, the wafer-thickness-measuring

mechanism 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

measured 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
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 thus 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 1is
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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When the thickness of the wafer is neasured through the plurality of

openi ngs provi ded at the upper turn table, the openings can be arranged
above the wafer, the | eak of the polishing slurry can be thereby
suppressed. The neasure against the |leak is not and the mai ntenance of the
turn therefore necessary, tables consequently becones easy. Al so, the

t hi ckness of the wafer can be of course neasured through the plurality of.
openi ngs provided at the |ower turn table. [0069] The nmethod of neasuring
the thickness of the wafer can be an optical reflection interferonetry by a
wavel engt h-vari abl e-infrared | aser. The thickness of the wafer can
be nmeasured with high precision by the above-described optical reflection
interferonetry, in which wavel ength' dispersion of the reflection (a
reflection spéef%um: a situation of interference of light reflected froma
front surface and anbackdsurfatersf cehebaaree) of PSSR JIiFéd from
reflection strength of highl | Rz sepPtinclude a film made

"wavel engt h- viPt BPé@PHf?%$§%SF§%§%%Eg% the surface of the wafer, and a
frequency anabyspkadtscearried out. [0070] In the present invention,
the timng of the switching,ofedha spabiishim@lskuie yhazarxbel tatter mi ned on
the basis of at | east one of the ela seg tiqgi%roghghgnmgme pol i shi ng

condi tions, setkediaste P isshFRGTFHe °6f CYHE Waf er, vary due to the

det eri orati on,@fpd he pobi shidigbyi gedmteer.i aln sddhtagnt e 6l H5Hi*hg pad and
the carrier. However, in the present |nyeniionn.thhe sl ishi ng

low-cost, the cost requi

reduced.

{0062]

Here, the relation of t1x{xP/100>t,+tz and the

' isfi hen
relation of tyn.,>tsns or tynu,<tsns can be satisfied, w

a thickness of each of the window members is ty [pm], a

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

thickness of the adhesion layer is t2 (pm]}, a thickness

" of the wafer is tg [pm], & refractive index of the wafer

is ns, a thickness of the polishing pad is t: (pum}, a
. o 2
compressibility of the polishing pad is ¢ [(%/g/cm®], a
: 2
maximum polishing load is P [g/cm®].

As described above, when the relation of

tix€yxP/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 suppressedf The wafer having an

excellent flatness can be therefore obtained.
In addition, when the relation of tun,>tsns OF

t Ne<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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is perfornmed while accurately neasuring the thickness of the wafer through
the plurality of openings one by one. Therefore, an appropriate response
can be made according to circunstances agai nst small changes in the
pol i shing conditions of the wafer by using the lifetine of the polishing
pad, the elapsed tinme fromthe start of the polishing, the polishing rate,
the polishing stock renoval for determning the timng of the sw tching 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 inproved. In addition to this, the thickness of the wafer can be
readily nmade a target thickness. [0071] Moreover, at |east one of the
polishing load, the rotation speed of the el j,urn table, and the
rotation speedhefeiHé P%ﬁﬁHrQQJgﬁtPaEﬂ%Fgga yggléﬁ%nged during the polishing
of the wafer @pothe basis of neasured data of the thickness of the wafer.
As descri bed above, when at le ne of.1 ha kgl hehhdag dceaddintde rotation
speed of the upperHFG?hnﬁékﬁré,gg% the %gtation speeddof E@edlomer turn
table i s changedtigurdmegepol irstenngonily addidi B 36V Re“SWtchrng with the
slurry having a different, pali;shi Bgpdal@sduiingd keppolashiing, the

pol i shi ng ratgoa%%afﬁéglﬁﬁe céhgbegpninutel% an Egeggy changed during the
pol i shing. Andappibpr Hare'tes pBAsR: T57 e T Htréfor @ made agai nst t he
changes in the _pplishidngnsesndi tions during the polishing of the wafer. The
waf er having.a very high flatness on the surface after polishing can be
consequent |y dBP&fhed. [0072] In the present invention, the wafer can be
pol i shed in a batchiwkse trenmerer The bsabetiprid dhi AL et K88 according to

t he '

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
t thickness of the wafer can

That

thickness reaches to a targe
pe thereby judged while performing the polishing.
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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present invention enables a flat wafer to be manufactured at high
productivity. The productivity can be nore inproved by polishing in a

bat ch-w se manner. [00731 Here, the case of changing the timng of the
swi tching of the polishing slurry on the basis of the lifetine of the
polishing pad will be explained in detail with reference to the draw ngs,
but the present invention is not of course restricted thereto. As
menti oned above, the timng of the switching can be al so changed on the
basis of the elapsed tinme fromthe start of the polishing, the polishing
rate, the polishing stock renoval, and can be of course changed by
conbining these. [D0O741 FIG | wll be first explained. FIG 1 is a view
showi ng an exanpl e of the relationship between.the elapsed.time fromthe
start of polighi pe1tkeimafemeanthe RxeRPcRhEET *6f *THe “Wa %rgin case of
determning the timng,of_t LEChiadg eRe tdexechasistioh att et thickness,
in the wafer ?ﬁﬂﬁsbﬁPﬂgd%%%ﬁgﬁ g?%%fding to the pr.esent, gpygn;?on. As
descri bed aboy&wn@bﬂceamheaG@PP§HF%§LisT%%?f€VWEE whil e measuring the

t hi ckness at éﬁ%@&é MBe &0&rioration of the polishing pad and the

like.

[0066] |
In the wafer polishing method according to the

ishi i ¢ i ith
present invention, the polishing slurry 1S switched w

a polishing slurry having a different polishing rate

with a certain timing.

For éxample, the wafer is roughly polished at a

high rate with the polishing slurry having a high
polishing rate at the beginning of the polishing (a

condition of a high polishing rate). Thereafter, it is

changed, for example, when the thickness of the wafer

In this change, the

lishing slurry

pecomes a target thickness Y.

polishing slurxy is switched with a po

having a low polishing rate during the polishing to

it £
precisely polish the wafer at a low rate (a condition ol

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 is

d after changing with the polishing slurry

performe
- and the flatness of

having a high polishing precision,

d wafer is not thereby sacrificed. The wafer

the polishe

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

i i the
are simultaneously polished in a batch-wise manner,
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In this case, when high rate polishing in a first stage is perforned at a
high rate, it reaches predeterm ned polishing stock renpval (a target

t hi ckness y) for a short time, but since the polish perforned at a high
rate, the shape of the wafer is to deteriorate. Therefore, the shape
fundanmental |y needs to be adjusted by performng low rate polishing a
second stage for a long tine. 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 it takes a long tinme to reach a thickness, but the
waf-er shape becones good. The wafer shape can be finished for a short tine
by the |l ow rate polishing second stage. However, in the case of sw tching
the slurry only on the basis of the tar i ssciy the polishing stock
removal as desle-"rqkb’@é5850?/%,altlhé’aé‘éf%r?aorgg%e@g%s%%g' in the first stage
cannot be in afgeleskbiCkaess measured Tits Heaemir6FafiGh 8/t hE pol i shing
pad is determ ned by the polishing.r uatredifromddieidmi ckness data
obt ai ned by tPRelidaddr EARNT® otf%erﬁgytﬁ c O%EJSEE duri ngfjt he polishing. In

addi tion, the(gsdsati onship between the polishing rate and a total polishing
time is accunul at eg bg L%fienghgggngggmoft vpe ofrqiokkshbagrepadrécth advance, and
a correspondence t abf & of an average pol i shi ng r.aq[e%l apd.thep betal polishing
time, and sw tehiugh ¢chrdptionst tof © h%PTJ‘b’Ingth%Vls urry having a high rate
and the polishjng slyery having a low rate can be prelimnarily nade.

[0077) In this case, the polishing of_th ispEhsstesstarted, and the
pol i shing rate and"PRB @t aFIhlﬁé"PFgﬁi%fg tthl%rr%)@géra% lﬁoﬁl tored at any tine by
measuring thethickness plutdiei wwaber opeminag PRevRAYS ki hYS “FRen, the target
t hi ckness y can be auto ical | v. changed,app@pgéatadgrenwithh vagfeer ence to

t he known corFéE‘bo‘iﬁfgﬁcg%e BhdotA0dR 5

the leak of the polishing slurry can be thereby

The measure against the leak is not
f the turn

suppressed.

therefore necessary, and the maintenance O

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 thicknes
nterferometry by a

s of the wafer

can be an optical reflection i

wavelength—variable—infrared laser.

The thickness of the wafer can be measured with

high precision by the above-described optical reflection

in which wavelength dispersion of the

a situation of

interferometry,

reflection (a reflection spectrum :

interference of light reflected from a front surface and

a back surface of the wafer) is reconfigured from

reflection strength of highly wavelength-swept

"wavelength—variable—infrared laser" on the surface of

the wafer, and a frequency analysis is carried out.

{00701 |
In the present invention, the timing of the

ing of the polishing slurry can be determined on
om the

switch .
the basis of at least one of the elapsed time fr

33



tabl e and condition table. [0078) For exanple, since the polishing rate is
high in an early stage of the |ifetine when the polishing pad is started to
use, it is polished at a higher rate by using the polishing slurry having a
hi gh polishing rate. The target thickness y is accordingly set to be as
thin as possible, and for exanple, it is set at yi Wwen it is stabilized
after a certain tinme passes, the polishing stock renoval by the polishing
slurry having a high polishing rate is increased, and it is set at 72, for
exanple. Wien the lifetinme is close to the end due to process of the
deterioration of the polishing pad and the polishing rate starts to
decrease, the target thickness for the polishing slurry having a high The
above-descri bed wafer polishing nethod enahl es thg cQg&ges in the polishing
condi tions atswmrpobstim@adriehiny: tthe BakeS'Hd1% §Afg sliurry to be flexibly
managed, the changes whi 6h abRosausedabyné hei tetieei of at Poh1 ¥ M9he pol i shing
pad. The chaﬁﬁé in p?ocessing time of the wafer can be therefore suppre
consequent |y parproved. In the early stage of the lifetine of the polishing
pad, .renmoval under g, Gendishi 89 @ndatiae, asicbmak | thes PFOSSI Y%, and flatness
by the high rate polishing can be therehy edradibnapretitk st age of the
lifetime of th@xpﬁﬁiER?ﬁﬁnﬁﬁd,v?ﬁ%(gfl?ghFﬁ%q%%g%k,rennval ynder a

condi tion of ghw deasease naretrhel poldhshEnghe ARG EAILHAFE PEon Wi th t he
early stage of the lifetine of the polishing pad can be increased by the
rel ati on of a“t¥ddéoff. The polishing time under conditipn, pf a | ow
polishing rate canH@aﬁmeduéeth%dﬁeﬁﬁnEaﬁ“ﬁﬁﬁﬂ8ﬂsqu%ﬁEFy suppressed that a
t ot al polishigg td. 178 hEG QMRS | QBgurFyhasaueing hbeftHta¥ES8S and t he

smoot hness of *THe waf er can be made hi.gh, apd, sygh,a y&d @y eas. be stably
obt ai ned. EXANRLEIfe@sbproush theiRiuidlaf¥e?™ Phe present explained in nore
detail based Gupaabi ven Bxampbesatdutesphase estlt Pet BEIE REFEES™ "9

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 poli
e timing of the switching of

shing stock

removal for determining th

the polishing slurry. The shape of the polished wafer

n be thereby stably made flat with high precision, and

ca
particularly the outer peripheral sag can be
the thickness of the wafer can be

improved.

in addition to this,

readily made a target thickness.
[0071]

Moreover,

rotation speed of the upper turn table, an
pe changed during the

at least one of the polishing load, the
d the rotation

speed of the lower turn table can

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 1
addition to the switching

ower turn table is

changed during polishing, in

with the slurry having a different polishing rate during

the polishing, the polishing rate and the like can be
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invention will be on Exanples and present invention i
| _ i s not Exa
Yafz; rﬁz agigfh?g gccorﬁ!nﬁ Bo tEe waf er polishing nethod ag sthLeiﬁ)FﬁG
) \ o be polished, there were prepared 720 silic i
&?Igr:aafvgzgiﬁgg;aneter gf 3go nm and p--type obtai ned by slfgiﬁbngkfth a
A ot grown by the CZ method. This p--type wafe :
phtﬁfe waf er having a high resistivity. The mafe?s mgfe subj;cgggnfoa
g ablerlpg, rapping, and etching in a normal condition. Wth the
oubl e-side polishing apparatus as shown in FIG 7, 240 wafers of the
g;epared silicon single wafers were doubl e-side polished in a batch-w se
hagge&ﬁélS mgfers in one batch). As the polishing pad, M+ S15A of Ntta
naas vas ?fsgrm%'ﬁ%ﬂ%ﬁ@;{%&gﬁpﬁiﬁdﬂy doef og ecteh@odkltigtei-ngi™ Fuj i mi
ghr i shin S_used, d,as; i shi
sl u;ry af t er shergviiERi RRSPEGSI M If%)_f\ggﬁe tor mtaﬁg Ta%a\?vm%gtetep@lo: ;Sglhlng ) was
used. It is topbesdwtiadchhaiolasnang enpiditookeepting ti cﬂ@ﬁéé%g%g of al |g

pol i shed wafers
of é?i?%};%g%,vw¥%enggf%r~h&g@%%é a very high flatness on

the surface after polishing can be consequently obtained.

{00721
In the present invention, the wafer can be

polished in a batch-wise manner.

The wafer polishing method according to the

present invention enables a flat wafer to be

manufactured at high productivity. The productivity can

pe more improved by polishing in a batch-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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In this case, the thicknesses of the wafers were neasured through the
plurality of openings during the polishing to calculate the polishing rate
of the wafer at any time, and the rel ationship between an average rate and
the total polishing tinme every nunber of the polishing was saved, and past
val ues were referred and conpared to switch the polishing slurry when the
t hi ckness of the wafer becane a predeterm ned thickness. [0082] Wen the
lifetime of the polishing pad was T, the timng of the switching of the
polishing agent was classified as an early stage of the polishing pad:
T/5, a mddle stage: 2T/5 to 4T/5, an end stage: 4T/5 to 5T/5. The
polishing was perfornmed while a ratio of the polishing stock renoval for
the polishing slurry before the switching and the ggkggykggggéurry after
the switchi ng masr¢hanged so«dy thatged aF52 1PTFIeE ] andtpg:l according to
the classification of the lifetj dihe petishiokgepadiith0083] [ 0084]
(Conpar ati ve ER&APIess and UF%REF%fq%T 2%0 polished in the sane the
pol i shing swi twchiingisheaocearfadey o?PiFdieEhi ng was carried out.

{0075]

In this case, when high rate polishing in a first

stage 1is performed at a high rate, it reaches

predetermined polishing stock removal (a target

i i ish is
thickness y) for a short time, but since the polis

i t
performed at a high rate, the shape of the wafer is ap

to deteriorate. Therefore, the shape fundamentally

i ishi in
needs to be adjusted by performing low rate polishing 1

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

i i i irst
the polishing rate of the high rate polishing 1in a fi

stage is decreased due to the deterioration of the

polishing pad, it takes a long time to reach a

rpredetermined thickness, but the wafer shape

The wafer shape can be

polishing in a

fundahentally becomes good.

finished for a short time by the low rate
in the case of switching the

ckness or the

second stage. However,

slurry only on the pasis of the target thi

polishing stock removal as described above, the

deteriorated shape in the first stage cannot be

i tage in some cases,
completely repaired by the second stag

the first and second polishing may pe performed

and thus further improvement 18

for an

excessively long time,
required.

{0076]

i 2, a
In view of this,

for example as shown in FIG.

- s o1s the
ratio of the target thickness a for the finishing to t

. s be
target thickness y for a first polishing slurry can

i i ion of
automatically changed according to the deterioratl

It is to be noted that the target
1.

the polishing pad.

thickness o 1s the same as that in FIG.
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1) wafers of 720 prepared wafers were condition as Exanple 1

made constant w thout the slurry during polishing and gﬁ of tﬁécgg}igﬂﬁag
or the over and the same eval uati on was polished in the sane condition
as Exanple 1 except that was performed while neasuring the of the wafer to
achieve a constant target thickness a for the wafer after the polishing and
that the polishing slurry was not changed during the polishing, and the
same eval uation was carried out. [0086] ’

This deterioration of the polishing pad 1is
determined by the polishing rate calculated from the

thickness data obtained by the measurement of the

thickness during the polishing. In addition, the

relationship between the polishing rate and a total

polishing time is accumulated by using the same type of

polishing pad in advance, and a correspondence table of

an average polishing rate and the total polishing time,
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

and for example, it is set at 7. When it is

possible,
the polishing

stabilized after a certain time passes,

stock removal by the polishing slurry having a high

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

example. When the lifetime is close to the end due to

process of the deterioration of the polishing pad and

the polishing rate starts to decrease, the target

thickness for the polishing slurry having a high
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As a result, as shown in FIG 3(a), it was revealed that the variation of
each of the wafers was small and the polishing was perfornmed w th high
precision in the wafer polishing nethod of Exanple 1. On the other hand, as
shown in FIG 3(b), each of the polished wafers had the variation of the
flatness due to the lifetinme of the polishing pad and thereby the polishing
was not stably perforned in the wafer polishing nethod of Conparative
Exanple 2. The variation in the wafer polishing nethod of Conparative
-Exanple 1, although this is not shown, was |arger than that of Conparative
Exanpl e 2. [0087] As shown in FIG 9(a), a surface shape of the wafer

pol i shed by the wafer polishing nmethod of Exanple 1 was uniformin a pl ane,
and the outer peripheral sag was renoved. On the other hand, as shown in
FIG 4(b), it sshrigveg%fed ikhatra sdw feaeepshape of sbhesvif er polished by
the waf er pol3%Hi"ng et hod of Conpar ative Exanple 2nbagdidissingbution in a
pl ane, and i tiversasst Lo FIrshy "BofiShed. (0088] Here, in Table 1, there is
shown a rati o, pf, YARUG a4 W innghcapabktlingyreeethe lifetime of the polishing
pad i n Exanpl [6991179?1nd Conpar ati ve Exanpl es when the lifetinme of the
Potishing pac Qﬁevfg;3;~ggLL§IgggJwafer 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 gime 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 ra

and the deterioration of the

te is

made as small as possible,
flatness by the high rate polishing can be thereby

prevented. In an end stage of the lifetime of the

polishing pad, the polishing stock removal under a

condition of the decrease in the polishing rate 1n

comparison with the early stage of the lifetime of the

polishing pad can be  increased by the relation of a

tradeoff. The polishing time under a condition of a low

polishing rate can be reduced, and it can be

consequently suppressed that a total polishing time

becomes long. Furthermore, the flatness and the

smoothness of the wafer can pe 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

. . . ot
Comparative Examples, but the present invention 1s n

restricted thereto.
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met hod of Conparative Exanple 2 is

: 100. [0089] (Table 1
CAPABI LI TY (9') LIFETIME OF POLI SH NG PAD EALL@ STACGE LIDDwéNgiﬁCTURING
STAGE COWPARATI VE EXAMPLE 1 93 97 o= BP

(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 CZ 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 .
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89 COVPARN

Toble 1 th\IIE\ﬁZFLEzl 95 100 84 EXAMPLE1 103 101 100 [0090] As sh i
Capability r eqar dl pol i shing method of Exanple 1 has higher manuf turi no
With the caseg ][ ﬁss of the lifetime of the polishing pad in ulact.iring
Conpar ative Exgrrp][ eezm ggljet ﬁteage gf the lifetime of the poli sﬁ?rnrgaglazogf
conpari son w th Conparative Exag{oloeu; ivity is increased by 10%in

classified as an early stage of the polishing pad: T/5,

a middle stage: 2T/5 to 47/5, an end stage: 4T/S to 5T/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.
.[0083]

According to this method,
and the flatness of each

240 wafers were polished

with the identical apparatus,
y AFS (a

made of ADE

of the polished surfaces was evaluated b

capacitance flatness-measuring apparatus

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-
poiishing 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 a for the wafer after the polishing and that

the polishing slurry was not changed during the
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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 the
polishing pad and are unstable. [0091] (Exanple 2) The doubl e-side
pol i shing apparatus as shown in FIG 7 was used to polish the wafers in a
bat ch-w se manner (15 wafers in one batch). In this case, the target
t hi ckness 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 mmand p -type obtained by slicing, with a wire saw, an
i ngot grown by the CZ nmethod: The wafers were subjected to chanfering,
| appi ng, and etching. This p--type wafer neans a p-type wafer having a high
resistivity. There was pr red e -t hiGknessrmmasuri ng  nmechani sm
provi ded wi t hPeheopfi cag'?ft%r%iet Sﬁé‘s?ned,\é{tqﬁga%gar atus of a |
wavel engt h-vagoeddle-infrared | aser, the apparatus which can tune the
wavel ength of the kgsgrretsqll@?;s tQ ok k7 5n NG VBY(R) [ hits was
waf er - t hi ckness- neasuring nechani sm 300 vvaferaE (%hqu%é/}gf gLs were polished
whi | e nmeasur i ngvédied: hhekridss varitheWaf ef2 it theé thi ckness of each of
the polished wafers washevaliyahedy bya sARST farrcabadithant®” f | at ness- measuri ng
apparatus made of ADE co.,). [0092] (.Conparat.,v a 13) 1The sane
doubl e- si de poresHiing aﬁp%neatwlﬁéeésll"“%%rmg Rl Brame

on the other hand, as shown in FIG. 3(b), each of the

polished wafers had the variation of the flatness due to

the lifetime of the polishing pad and thereby the

erformed in the wafer

The

polishing was not stably p

polishing method of Comparative Example 2.

variation in the wafer polishing method of Comparative

Example 1, although this is not shown, was larger than

that of Comparative Example 2.

(00871

As shown in FIG. 4(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.
(00881

Here, in Table 1, there is shown a ratio of

manufacturing capability to the lifetime of the

polishing pad in Exanple 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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Exanple 2 was used to polish the other 300 wafers. In Conparative Exanple
3, however, the polishing was perfornmed w t hout operation of the

waf er -t hi cknessneasuri ng mechani sm The polishing time was determ ned in
advance. [0093] FIG 8 shows a relative frequency and a cunul ative relative
frequency of the thicknesses after the polishing of 300 wafers polished
with the doubl e-side polishing apparatus of Exanple 2 and Conparative
Exanple 3. It was revealed that, in each of the wafers polished with the
doubl e- si de polishing apparatus of Exanple 2, the variation of an average
finishing thickness after the polishing was small 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 nm or

| ess was abl e to-be-achieved—accordimg T o _INe eqsbds polighing
appar at us of BxappbecRurii8094] As showhFER™ .%"P%é, Hr—each—of—the wafers
pol i shed CAPABILITY (%) EARLY STAGE |MIDDLE STAGE| END STAGE
COMPARATIVE EXAMPLE 1 93 97 89
COMPARATIVE EXAMPLE 2 95 100 84
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 o
and the

f the

polishing pad of Comparative Example 2,

i % i i with
productivity is increased by 10% in comparison

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 apparatué as shown 1in

FIG. 7 was used to polish the wafers in a batch-wise

manner (15 wafers in one batch). 1In this case, the

target thickness of each of the polished wafers was 177

ym. _ _
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

ingot grown by the CZ method. The wafers were subjected

to chamfering, lapping, and etching. This p -type wafer

means a p-type wafer having a high resistivity.

There was .prepared the wafer-thickness-measuring
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wi th the doubl e-side polishing apparatus of Exanple 2, the thickness of
each of the polished wafers was stable. On the other hand, each of .the

waf ers of Conparative Exanple 3 had a |l arge variation and was unst abl e.

[ 0095] (Exanple 3) The doubl e-si de polishing apparatus as shown in FIG 10
was prepared. First, 15 openings having a dianmeter 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 made by Nitta haas co., a thickness of 1500 gm having the hol es
havi ng a di aneter of 20mm | arger than that of an outer circunferential
portion of each of the openings (a dianeter of 40 mm was prepared. The

same nunber of the w ndow er. t he.9peni nas weigy ahso prepared, each
wi ndow nenber mFﬁh?/\Wﬁsé‘hpﬁ?‘Slm%rg)reré%% e bgtt oray co., (f %irarrg{xﬁr of 30 nm a
t hi ckness of L5Pagiushavi agiavedicantt eraréfP10™ MH1PAFJet®Than that of each of
t he openi ngs provi dted at ;Lhe. turn,t alle wwereesqtn iodt ohd Hesshape of a

u

circul ar di sk*PBAE adhési Ve doubl e coat ed tape kglglsjgjr&egggrg%442383, a

thi ckness of 1305gry W@benadhdied HHeng2fRe OUET “ET rcunf erence of the PTS

filnms. The wi %ggw%rqg;pe@%v\@g&@dber@@b twa fpos tvores pol ities Bpéhfngs of the
I'e i

upper turn ta y adhesi ve doubl e coated es,.d 0Q96]niAxntBe wafer to be
pol i shed, theF“ea@\)éJF?é‘gprtéﬁaF*é’ch“f@ﬁoogi q}ecgﬁtfgghgﬁne waf ers havi ng a di aneter

of 300 mm and Jp- a4y & Okhai ped dhyedsha tdaeg wawi 1P naker eb% 4 AR i ngot grown

by the CZ nethod. The wafers were | 6ct ed ot eachanbkeei ¢y ,ADEappi ng, and
etching. This Cﬁpg‘fb%m\ﬁafg?tnn%sfnénegg‘g%lt %eg\?\/afaér having a high resistivity.

CO.,)-

[0092]
(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 4 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%.

It 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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There was prepared the wafer-thickness-nmeasuring nmechani sm having the
optical unit using the apparatus of a wavel ength-variable-infrared | aser,
t he apparatus which can tune the wavelength of the laser to 1575 to 1775
nm Wth this wafer-thickness-neasuring nechanism 1000 wafers were
polished in a batch-wi se manner (15 wafers in one batch) while measuring
the thickness of the wafer. [0097) The surface shape of each of the
pol i shed wafers polished with the above-descri bed doubl e-si de polishing
apparatus was eval uated by AFS (a capacitance fl atness measuring apparat us
made of ADE co.,). As a result, the variation was small in conparison wth,
for exanple, a conventional polishing apparatus in which the polishing pad
and the wi ndow nenbers are unified, and flat wafers were able to be

obt ai ned. Thgnq%h%Ehgrgﬁigxmm@ﬁeeach of the w ndow nenbers did not vary so
much froma conventional case, and a frequency of changing the w ndow
nmenber di d not®%%o vary. However, a frequency_ of cq%ggiagugmgdpolishing
pad becane approxi patglownone AEG§ %of Leher@bMehtt oifal® case. As menti oned
above, the was.ttzhgt%g be avoided hglmgr hsgaraniusho & Bxewipént4onal net hod
and apparat us’* the cost of the poIish&n%“QQQa@@§sqgkesggbp£ reduced.
[0098] It is tiee bevinstess thateacheohréSeRf T AVENtion is not restricted to
the foregoi ng, emhodi WEDE - L Ahe caahosl Mt waSejustt aPMRAEEPIFfi cation, and
any exanpl es that have substantially.%g SanE fLatHseasrd denonstrate the
same functi onBxawrdceff BeE s? d€ 19088 1 the t echni cal concept described in
clains of the present invention are included in the technical scope of the
pr esent inven%éggg] '

(Example 3) |
The double-side polishing apparatus as shown '1n

FIG. 10 was prepared.

15 openings having a diameter of 20 mm were

First,
provided on the circumference of a circle where the

center of the upper turn table is a fulcrum, as the

plurality of openings. The polishing pad (polishing pad

MH made by Nitfa haas co., a thickness of 1500 pm)

oles having a diameter of 20mm larger than
the

having the h

that of an outer circumferential portion of each of

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

£ the window members as the openings were also

de by

number o

prepared, each window member in which PTS films ma

a thickness of 150 pm)

co. (a diameter of 30 mm,
toray P o

c
having a diameter of 10 mm larger than that of ea
ings provided at the turn table were cut into

and adhesive double coated

the open
. the shape of a circular disk,

a thickness of 110 pm) were

tapes (sumitomo 3M 442JS3,
lms.

adhered along the outer circumference of the PTS fi

members were adhered to portions of the

he upper turn table by adhesive double

The window
openings of t
coated tapes.

-[0096]

As the wafer to be polished, there were prepared
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CLAIM5 1. A wafer polishing nethod in [ [
_ cl udi ng si nul t aneousl i shi
\?vg][fefc\(/a\n'stﬁf : }Ng:‘/\g; % pr;asz: nghand rubbi ng the wafer, whi Ig Egl |d;s2|gn?hgoth
_ : ( rn table having a flat | i shing- -
:)8][ ?tslhiozglly dri ven];c an upper turn tgbl e havi ﬁg ;SP: 2’? upper- surface
-lower-surface rotationally driven, the upper t i

%;angﬁd with facing to the lower turn table; and gpcarr?;p Lge:ﬁ bgl "

er?g; Ohdkﬂg hol e for holding the wafer, wherein t he polighin is
g Ak nmss ile measuring a thickness of the wafer through a pl uralits of
tgbl 3 gr {)Lov: ded between a rotation center and an edge of the upper turn
LT o e Iovver turn table, and switching a polishing slurry with
apoll ][lg slurry having a different polishing rate dl%ri Bg dhe polishin
of th u\rlvgI _e{ 1002. sThecavafsemgpel Vafiiig PrEL ADHF eBFuThg to-cl'aim1, wher eign
Lhe PIural L0, of OB NS, B0 £ prayided, . Lheruppersd gem (bl e, 3, The

is poldi shed iimgatbatehr vﬁ}séhﬁaﬁge‘f“?thcoﬁiél 'rpﬂ%ee \?‘?’/;affé%glp\o li%sﬁ}éﬁjgaéﬁg?hf)ge nater
T oknend o R e e et or et 1o by

| Ical re [ A At

wavel engt h- vardaats| e- PnfyR &3 raskpVin% ? #ﬁ@b\%ﬁé&lﬁ@%gﬁg}??t :rgt Egda‘
?ﬁgorg: _nghft 0 any ofgeaf wael piapaded ah4, vebrrdiba ckPATHg 6P HY¥ swi t ching of
(he ol 'sh ng slurry 1 oL o e bosi . phvalebaastuonet of an
stock renovals w’md1anbtrﬁe¢aimbéﬁ‘énﬁ’ﬁﬁeéihghﬁgb’g?ﬁhlesQéggrart%tse’ pol i shing

which can tune the wavelength of the laser to 1575 to

With this wafer~thickness-measuring mechanism,
{15

1775 nm.
1000 wafers were polished in a batch-wise manner

wafers in one batch) while measuring the thickness of

the wafer.

[0097]

The surface shape of each of the polished wafers
polished with the above-described double-side polishing
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

conventional polishing apparatus in which the polishing
pad and the window members are unified, and flat wafers
were able to be obtained.

The deterioration of each of the window members

did not vary 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 approximétely one half of the conventional
case. As mentioned above, the waste can be avoided in

comparison with a conventional method and appératus, and

the cost of the polishing pad was able to be reduced.
(0098]

It is to be noted that the present invention is

not restricted to the foregoing embodiment. The
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6. The wafer polishing nethod according to any one of clains 1 to 5,
wherein at | east one of a polishing |oad, a rotation speed of the upper
turn table, and a rotation polishing of the wafer on speed of the |ower
turn table is changed during the t he basis
. of measured data of the thickness of the wafer. 7. A doubl e-side polishing
apparatus including at least: a lower turn table having a flat

pol i shi ng-uppersurface rotationally driven; an upper turn table having a
flat polishing-lower-surface rotationally driven, the upper turn table
being arranged wth facing to the | ower wafer-holding hole for holding a
waf er, the apparatus conprising a plurality of openings provided between a
rotati on center and an edge of the u Uy, abl.gy Qhyt Bgaripawer turn
table, and a Wﬁ@@?lTﬂvaﬁe§§§%égéﬁﬁfﬁ §%%€%ggf§h1for measurin .,a thickness
of the wafer tdhmeughvd heibplanaldtly oheopew fgstaasidy PETPEHIMG i n real
time, the apparatus wherei h freLzf hi Lknesse NRasiikei hgchrechani smis
fixed to a fixed 8%33éﬁ%%ﬁ?oFﬁéﬁﬁﬁgéségﬁ$n table _and the lower turn table
of the doubl e-sindeppold sstriihgdappailatg, of the present inve

included in the technical scope of the present inventlon.

46



8. The doubl e-si de polishing apparatus according to claim7, wherein a
pol i shing pad and wi ndow nenbers are provided on a polishing surface of
the lower turn table and the upper turn table, the polishing pad being
provided with holes having a dianeter |arger than that of the openings at
positions corresponding to the plurality of openings, the w ndow nenbers
havi ng a dianeter |arger than that of the openings and snmaller than that of
the hol es of the polishing pad and having a thickness thinner than that of
t he polishing pad; and the w ndow nenbers are separated fromthe polishing
pad and are fixed to the upper turn table or the lower turn table through
an adhesion layer. 9. The doubl e-side polishing apparatus according to
claim7 or claim8, wherein the wafer-thicknessneasuring nmechani sm has an
appar atus of a wavel engt hvari abl e-i nfr &F88“¥ aser having a |ight

transm ttabl e wavel ength through the wafer. 10. The doubl e-si de polishing
appar atus according to claim9, wherein_the vel engt aser is 1575
to 1775 nm 11. ThewdbublrelsplEnparitiffng éP%t%%mgggg?%?%@lto claimo,
wherein the m%gggﬂhggnpg{§ S fhbehtot nanamtt tiableeebyinhendaser radi at ed
fromthe apparatus of a mavelength-varbableE%Qngggdwlgﬁeg.lo@gr The

doubl e-si de poPbaHichFhappardt u¥Pate didi®h§%t 6 any one of claims 7 to 11
wher ei n t he waf gl -tdpi1ckpessipasurhngpatschany syrareasbf 8°% bul k t hi ckness of
the wafer. 13. The doubl e-side polishi r $ aeeofdiangibe any one of
clainms 7 to 12?t%%%¥@iﬁytaﬁuﬁvﬁrﬁTi%@ﬁ%%%gggngﬁﬂé ar ¢ éfovided with them
equal | y spacegoatsiampenbpherspdhce heotugsgerat by fidble. *" 4 PPThe doubl e- si de
pol i shi ng appar at us c ' 2ne ghcchqivws thet ovled, twhierein the
fixed end to ﬁhf%ﬁ”?ﬁ% &é?%???ﬁ?é ness- measuring %h {smj,s fixed is a
housi ng of theauwbla@dsad@aweirsh?mj‘ga&pa?z?ﬁ“s. d[f% @ﬁe doubl e-si de
pol i shing appafahis; ageokdidy tdeadynone of clainms 8 to 14, wherein the

Wi ndow mermber s the polishing is performed while measuring a

thickness of the wafer through a plurality of openings

rovided between a rotation center and an edge of the
| d

p .
upper turn table or the lower turn table, an

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 one of
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ar : :
an§ gﬁgeO?fCP!ﬂ.?ﬁ’Ll (I;'t 1(155 The doubl e-side polishing apparatus according to
any one of saim tho , Wherein a relation of tixC xB/ 100>t w+t 2
and a reiation of | n'eV\rr/;tsns' or twnw<tsn, are satisfied, when a thickness of
eachh of 1he w ndow ers is tw[pn], a refractive index of each of the
wi ndow frembers 1< w, a thickness of the adhesion layer is r2 a thickness
Chi ckness of the pol Lohing pad s ti [pm. & conpresaibility of the -

ckne _ [ , a co i bili
polishing pad is C [%g/cn?], a maxi ijm pol i shinﬁci:]elsgiagl ! !sHI:/’ FI:]/E:ES]

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 ady one of

1 to 5, wherein at least one of a polishing load,
and a rotation

claims
a rotation speed of the upper turn table,
speed of the lower turn table is changed during the

polishing of the wafer on the basis of measured data of

thé thickness of the wafer.

7. A double-side polishing apparatus including at
a lower turn table having a flat polishing-upper-
an upper turn table having

the

least:
surface rotationally driven;
a flat polishing~lower—surface rotationally driven,

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 mechanisn 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.

16. The double-side polishing apparatus according to

any one of claims 8 to 15, wherein
a relation of tixGixP/ 100>ttt and a relation of

tyhe>tsns Or tynu<tsns are satisfied,

when a thickness of each of the window members 1is

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

members 1s ny, & thickness of the adhesion layer is ta

(pum],

a thickness of the wafer is ts [pm}, a refractive
index of the wafer is ns,

a thickness of the polishing pad is t; [(um], a
compressibility of the polishing pad is C1 (%/g/cm®],

a maximum polishing load is P [g/cmz].
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