- 1 - DESCRI PTI ON METHOD AND APPARATUS FOR POLI SHI NG WORKPI ECE
S5TECHNI CAL FI ELD [0001] The present inventji-on relates to a nethod and
an apparatus for polishing a workpi ece. The present invention rel ates
in particular to a nmethod and an apparat us f8r pol i shing a workpi ece,
whi ch nake it possible to accuratel IPIOMNve amount ~of pol i shi ng
on a circul ar workpi ece such as a sem conductor 10wafer which is
required to be very flat. BACKGROUND ART [0002] I n the production of
sem conduct or waf eMETRIOD ANDAABP ARCFUSWEOR P OIS HENGSWORK/RIECAH
exanpl e of a workpiece to be polished, double side polishing 15 for

si mul t aneously polishing the front and back surfaces of the wafers is

general | y;enpl oyed to achieve nnrqmﬁﬁfﬁpﬁgﬁquﬁ ntrolled flatness
qual ity and surface roughness quality of the warers. The shape

required for [@0g¢nm cahduptedent Walventidpreledsi ty af Recthiepnae af dpbatatss for
required for the whole surface and the perighery of the wafer) varies
dependi ng onPphghing asworkpiges. 2Hhpdsesenhyeption delatosi inaari@ilargpge method

amount of po 'ah@ Qla {AQP%‘;tu"sV%F R?liéjﬁ&%g‘é&o’}ﬁﬁ@e}ﬂ%cﬁ %fa‘l'ée iPPSRITe t¢ 0k ety

accurately contr e anou ol'i'shi ng’renova

particul ar, contt@cBBtmotar 6f pélikhitgoartiRulet Wakpiebe SlichsRM samdudittor
devices and increase in the dianeter of sem conductor wafers, higher

f | at ness1@r e wigawligh iexegrired td be vergrflatonduct or waf ers subjected to
| i ght exposure. Against 25 this background, techniques for accurately
controlling the amount of polishing on wafers are strongly desired.

[0003]In this regard, for exanpl egAPRGRO(ND 200R- 254299A) di scl oses
a nmet hod of controlling the amount of polishing on a wafer in

accordance wif@®02lhe & dipe produstion f\senycansiugios walersosuchhisng spicanewafst,

a doubl e sidg,pal I shi,ng. FRRALAT S 30 Li0G ROLL $B18%d, double side polishing

15  for simultaneously polishing the front and back surfaces of the wafers is

generally employed to achieve more accurately controlled flatness quality and

surface roughness quality of the wafers. The shape required for a

semiconductor wafer (primarily the degree of flatness required for the whole

surface and the periphery of the wafer) varies depending on the uses. It is

20 necessary to determine the target amount of polishing of watfers depending on the
requirements, and to accurately control the amount of polishing removal.

In particular, in recent years, due to miniaturization of semiconductor
devices and increase in the diameter of semiconductor wafers, higher flatness are
heavily required for semiconductor wafers subjgcted to light exposure. Against

25  this background, techniques for accurately controlling the amount of polishing on
wafers are strongly desired.
[0003] In this regard, for example, PTL 1 (JP 2002-254299A) discloses a
method of controlling the amount of polishing on a wafer in accordance with the
drop in the driving torque of polishing plates of a double side polishing apparatus
30  during polishing.
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Cl TATION LI ST Patent Literature [0004] PTL 1:JP 2002-254299A - 2 -
SUMVARY OF | NVENTI ON ( Techni cal Probl en) 2[-0005] However, the nethod
di scl osed by PTL | cannot sufficiently follow 5 the change in the
polishing plate torque, and it is difficult to determ ne the

correl ati on between the anpbunt of change in torque and the anmount of

polishing renmoval of a wafer. kunibgryvidenieERadoset ects a great
torque change occurring when a nenber for holding a wafer (carrier

pl at e) and a(Ppedhinstai Apippéra} e are brought into contact, and determ nes
the point as_the polishing termi nation point. 10 Therefore, the
amount  of pol[é@%i]ng F”Z’P&ﬁ)’ {8 tg%r‘l’ﬁ% Oqoélsﬁg’ts@‘?:b’op ﬁn lacanngt gutficiandyfgliow
carrier pkat e; | Shi: I n P |

ot her. Thlgs ﬁlafe aerI n 1<511]Dg{re|o Ié%]gn%)(gg%tg]@P@eb%ggelﬁtlgiq{nlgfzcﬁﬁ ‘f)ﬁntd:@%e%ﬁﬁ{% the

directed to sotrblatign bhevdeartegaimgnpodthangs in togod and thes amoundy fedlishing

the present inventign to provide a nethod and an apparatus_ 15for .
pol i shi ng wafereval phiackateak Fyrthesohsimethod detgels g gied torqug shapge qaqrrring

amount of poljishi V. waf - ) - Li shi
waf ers. (Sgl tkj}thf%gnd]?r(l)é r obfagr#)m Tlggo%f"?hféepF%\%% ragé)dn%ggg\}iaoﬁi?g%g f?lfate are
studi es to sbrought o contagniang dptepniresBhe Asinaag drupdlishineyrmigmatiyn point.

found that the tenperature of a carrier plate for_ 20 holding a wafer
serves ad0anTheweters: the Faewdtafoplishingemeyalipannst bgdletestidnig dataiqwhere

e 0 2 DL 06,70 Y e 0T, LB T
control | ed bjiasveas probldnne tenperature of the carrier plate thereby
achieving the target amount of polishing renoval. )
[0006] The present invention is directed to solving the foregoing problems,
and it is an object of the present invention to provide a method and an apparatus
15  for polishing wafers, which make it possible to accurately control the amount of
polishing removal on wafers in double side polishing of wafers.
(Solution to Problem)
[0007] The inventors made various studies to solve the foregoing problems.
As a result, they newly found that the temperature of a carrier plate for
20 holding a wafer serves as an accurate indication of the amount of polishing on
the wafer in a double side polishing apparatus, and they made a new finding that
the amount of polishing removal can be accurately controlled by measuring the
temperature of the carrier plate thereby achieving the target amount of polishing
removal.
25  [0008] The present invention is based on the above findings and it primarily
includes the following components.
(1) A method for polishing a workpiece, in which a front surface and a back
surface of the workpiece is simultaneously polished by holding a workpiece in a
carrier plate having one or more retention openings each for retaining a
30 workpiece, at least one of the retention openings being eccentrically disposed,
and by rotating at least the carrier plate between an upper polishing plate and a

lower polishing plate on each of which a polishing pad is pasted, with polishing
slurry being supplied,



25[ 0008] The present invention is based on the above findings and it
primarily includes the foll owm ng conponemsts. (1) A nethod for
polishing a workpiece, in which a front surface and a back surface of
the workpiece is_ginultaneousl old shed hy hol di.ng a morkpl in.a
Carrier plate hadiTEEBib (GRPHBIEE ri B 1950 o JEHF It g smotht ot
retaining a ,30smRs kBheea, ofatll‘lelv@@l{t%le@@@s Qécumayr@&ml'eerba@aﬁeh R8nge in
bei ng eccentr| cal Iy disposed rotating at |east the carrier
pl ate bet weethameaspat tepgicrahiongf the aanﬂeapthta | ower polishing plate on
each of whi c?%(?w?ol ishing pad is pasted, wth polishing slurry being
suppl i ed, wherein a tenperature of the carrier plate is
measur ed, 5 Shod® 8yl SHshehel £0R f abORaiRIHs R £56oVeS wherein th
accur at el y an)arrqt[ﬂ Lené [}case %drjlscﬁlglg le eaneasw@edqtgnperea%’vu?rem% ©
the carrier phmuat of PORHIind rrRyval od tlrewnmkiplécnf ispadntsiied dasedvon lchaegeeef
according to &%e e, .wherein_ the anmpunt of O|I§hln rrempval of
t he wor kpi ec@if atedl from Hiechangming P GRUEH S Be AT MEd from
the change in th @”Hl%rﬂﬁ & cu‘iJ!@d thiGE dia %@ in the t'éﬁﬁé)@ratﬁlja.eof the
phase calculate rom-t aneln e tenperature of t carrier
pl at e" neans chfier pit@ts® nodant hlEe cphcsel d)ﬂthen@scdmm(gn@]‘mﬁpdn&nt fxe the temperature

tenperature 10 change of the carrier plate; the oscillating conponent
i s synchibni £8#naf ehthencarrier altareoﬁh%PS@lHétleaFPm@Pnﬁ}td@éya@hrpﬂ@e@dum the
si de pol i shi pg.0f, {r\WRE %erﬁe(fﬂ%lat-g E%J kh fa \%}E iece.  The
oscill ating conmponent 'I'n ra rec ecarrleP p?ate

and t he phasealefilatiog mehods af itlli’fg ommxﬁngeaémpmdnmde théwmpature rffhﬁ@té of
to a cal culation nethod such as the FFT (fast Fourier transform t

be 15descri b&f caTier mhatetandd theaphasggefathe ﬁ%tl%@wajgvmgoae%a@wde[bmwt
(3) The neth r. pol r G (})

wherei n the (ia)?rnﬁ eﬁt 0 ?chﬁpla[@%flﬁa@@gﬁo%gﬁ%s tﬁ% wt)ﬂ%pllg‘(glcree]r trﬁg?or%) to be
control | esl bdsagibed 1atbaoghedéastsplaré nﬁﬁuﬁiais@ng ahﬁﬂef rom-t he change in
the tenperature of the carrier plate. 20 Here, the "anplitude

cal cul ated f1¥H0he change in the tenperature of the carrier plate"

means the anpiy t yig n?éth{;&‘?oroﬁcﬁlnhln%sel {?uﬁrlgzﬁé'é%o%&trdlng th Q? BI%U%%%%}%H?the

change of the’carrier g co

synchr oni zed aihiotubt bhpolﬁgﬁ@g r@fowdl dffiRe eiTkpiete tsl aixﬁro@ll@ﬂlbagecd@ﬂ hénge of
side polishing of a workpiece. The cal cul ati on nethods of the
osci |l ating eowhbHermalqulatedfropsthechpagainihe t%fhng‘elrQ)Pf theeccapragriilete.

I A T T S

l[imted oacalc ation ouri

tr gnlsf OE 81()) 1t1 ]@axber dpmed"i heshnkatiy Miplithge | 8 Ihe SO3bM £inpetdd@thonshinGn athe
node
temperature change of the carrier plate; the oscillating component is

=)

synchronized with the rotation of the carrier plate during double side polishing of
a workpiece. The calculation methods of the oscillating component in the
25 temperature change of the carrier plate and the amplitude of the oscillating
component include, but not limited to a calculation method such as the FFT (fast
Fourier transform) to be described later or the least square method using a model.
[0011]
(4) The method for polishing a workpiece, according to (1) above, wherein the
30 amount of polishing removal of the workpiece is controlled based on both change
of phase and amplitude change calculated from the change in the temperature of
the carrier plate.

[0012]



(4) The nethod for polishing a workpiece, according to (1) above,
wherein the 30 anmount of polishing renovdl- of the workpiece is
control |l ed based on both change of phase and anplitude change

| cul ated f inthe t 1 f th [ | :
Fo012) < a 3 SPE iR RREEHoB B BT SR o ROHES Sban SBESRT e (8
any one of (lﬁoﬁe?w(}é}eiﬁ‘@%/ﬁoliéglﬁg%%iﬁbr_d?ﬁleﬂ%iitﬁﬁ'ﬁ the-&‘%dguef)gﬂ{en@agriw $1Bte

an outer edge of 'the carrier being protruded outward in a
radi al direcbeing froomi¢chevdyesnof radi dipgetion dnain|tbevedggobf gl npper and

| ates, and te rature of th rotruded outer edge.,of the 5carrjer
BI at esi S neangggg‘adsﬁﬁlugaﬁlaéﬁ |a€‘§I Ettgﬁggrﬁg{rﬁr ﬁﬂ&@ﬂ%t"“%a‘?&e of the
[0013] (&) @ﬁri%PPEaEffs‘%ﬁeefsﬁfedWit %H'oi}ﬁcﬁ%ﬁgﬁﬂdhfr%?e%sﬂfenénmre i €ce,

including: a rota e carrier plate’in whi one or nore retention
openi ngs eacf0fld] retaining a workpiece to be polished is forned, at

| east one of fhe retention openings being 10 eccentrical ly di sposed;
and a |ower pYli é‘ﬁ'l ﬁ@p%Ftéﬁef%érﬁPlﬁglﬂng@rh B‘ﬂﬂf"i‘"seﬁ!‘?éap’f"%ké’l%ﬁi r“é‘ﬁ}@é@“ﬂh a
the |over pokdtﬁﬁbﬁ&a@i@ﬁ@a’fe% &ﬁ%ﬁ%h@garﬁﬂﬁe G&EAtiS o%«l[lﬁ‘ﬁ% ea%ﬁgf&r tethilfhg
a neans for neasuring a tenperature of the carrier ate; and a
control neana vakpeonty i bolihed i torinedf atplebdt ik nd thiermaraionafpenings being

waf er in accordance with the neasured te_tr;Berature. 15[ 0014] (7) The
appar at ud0 f ofcgsBiricaHy fHsRosabr M5t & deveraplishingnplateoandsyn HpRRFepolishinedplate

(Advant ageoul iy} FR hE TR JTRREe B P Kbl (ERRster JERS, ERine: o
i nvention, thrafsisihesduripgla Shipegatore sbthercn2é Haee and at@inyrol means for

controlled in double side polishing of the wafers, which makes it
possi bl e to EPeErIbag \asrgunt |oft palishingo Franevad rofyihie evafen dnjasgoidanss adth the

shapes. et hes « ntqg{ra geurate control of the amount of polishing
renoval renders repoeil Ing for making up the lack of polishing

unnecess@sy, [0¥14¢h al l ows the productivity of the wafer production
process to be inproved. 25Moreover, the ampunt of polishing renoval

woul d not ex€Bed Thaapparaisdies Patishifg a WRrkdnecancerdingno (afbpveioriaueia

and wear of ﬂlect%ﬁl'i)'eledtcure ln%a%urement means is an optical measurement means.

(Advantageous Effect of Invention)
[0015] According to the present invention, the amount of polishing on wafers

20  is accurately controlled in double side polishing of the wafers, which makes it
possible to produce very flat semiconductor wafers having desired shapes.

Further, the accurate control of the amount of polishing removal renders

repolishing for making up the lack of polishing unnecessary, which allows the
productivity of the wafer production process to be improved.

25 Moreover, the amount of polishing removal would not exceed the intended

amount, which can prevent wafer defects and wear of a carrier plate.

BRIEF DESCRIPTION OF DRAWINGS
[0016]
30 Fig. 1 is a schematic perspective view showing a prototype of a double side
polishing apparatus.
Fig. 2 is a graph showing the relationship between the polishing time and

the temperatures of components of a double side polishing apparatus.



BRI EF DESCRI PTI ON OF DRAW NGS [0016] 30Fig. 1 is a schematic
perspective view showi ng a prototype of -& -doubl e si de polishing
appar at us. Fig. 2 is a graph showng the relationship between the

polishing tinme and t t erperatures of .c nents of a double sjde
Dol i ahi ng appar at s e i 8 Befent s fera T Fogtog 6 iinESHEHRERIaST e
showi ng the LePeHAE WES c%frﬁ&e}t)lﬁfe.t 8o OYHelis UGS RhERARGERTy Mo the
Fig. 3(b) is a diagram schenatically show ng the contact between the

carr iher hpI at eo?ﬁct hqbwe«:r} ﬂmcbr?_tmm' i I?MI]dskp' t%)ﬂg;lpﬂ tm .poFi;lc;Ig'ng $(m?s_.i §i@f3(c)
graph showi n e rel ationghi e e e stance of. a partiqn of .a
carrier 5pl At 61:8@#%0%%&16 ﬁlf"‘f’ﬁéﬁﬁg’ég’éiﬁnethﬁﬂbﬁt‘?%& 465 RATEOR 91 & @Frier
pl at e. i I i Eg% i 1 t he

t enper at usre %ag% grﬁgfé Wﬁgergatgél%gg%ggeﬁgg cdat??%lg#%?gpdgmﬁ g. 4(b) is

a di agram schenmafig at(h)yisshdvdgngntdchematicadiyt sHoeting ¢line tdneparatord etatepbirthe
and upper and | ower pqlishing plates. Fig. 4(¢) is a graph_ show ng

the rel ati on§Rich €H8E RE &L RE plRta: aﬁ:d& ‘Eﬁ’?és aéirl%grem %hg@ﬁg‘?aélry 5’@&1‘%& the
froma wafer t : i t j Bl - Fi

5oy 15 a gr SO NEREF ARG AN e bbb FpE RterBoliBliRE Blares,  Fid 4o
t enper at ur e &hangsplothawiagrthe eelapbashép betvgeenSthb)distanee gf aprartsdwi dagrier
the relationshi p between the polishing tine and the peak val ue of the
anpl i t udd® i npiatefreand waker gpd thaprsgeire prplicd todhe raricpplite. 15Fi g. 6(a)

is a schematic p p i:ye, Vi : i -nol.k-shi .U
for wafer in accgg%aﬁ@i l\gw%hérgﬁgosglr?%ggﬁé}#g%\tep%ffoqt 1@ %?Ztggg%n@%@g%talﬁoﬁ?e
Figs. 6(b) amdnraeturarchatgagfanscatiompiget h&Figt (e of angaplr sigvinkgethe
tenperature of the outer edge of a carrier plate using the double

si de pol i shi Fjatipshimaberyeen thy goligiing timgpnd theypeak yalge ghHhe powRlitle in
(e el ongl ehySaL g BELRUR Uge ond (e Lemperature of o
9 is a gnsph sho®igig6taheisr & ehemashi gereleenvitheodal detiblagsite MplaAthg
t he phase and anplitude in the tenperature change of the carrier
pl at e. apparatus for wafer in accordance with one embodiment of the present invention.
Figs. 6(b) and 6(c) are diagrams showing the state of measuring the temperature
of the outer edge of a carrier plate using the double side polishing apparatus in
Fig. 6(a).
20 Fig. 7 is a graph showing the relationship between the polishing time and
the temperature of a carrier plate.

Fig. 8 is a partial close up view of Fig. 7.

Fig. 9 is a graph showing the relationship between the polishing time and
the phase and amplitude in the temperature change of the carrier plate.

25 Fig. 10 is a graph showing the relationship between the polishing time and
the phase in the temperature change of the carrier plate.

Fig. 11 is a graph showing the relationship between the phase of the
temperature change of a carrier plate and the thickness and SFQR of a wafer at
the point of termination of polishing.

30 Fig. 12 is a graph showing the relationship between the polishing time and
the amplitude in the temperature change of a carrier plate.

Fig. 13 is a graph showing the relationship between the amplitude in the

temperature change of the carrier plate and the thickness and SFQR of a wafer at



25Fig. 10 is a graph showing the relationship between the polishing
time and the phase in the tenperature ch#@ange of the carrier plate.
Fig. 11 is a graph showing the rel ationship between the phase of the

t enmperature ¢ghange of a carrie .Late and the thickness and SFQR of a
waf er at theﬁlf’o?cﬁ’_ﬁ‘t tef”éﬂnﬁ{lﬂ%P%Bﬁl%l‘Fn%olish! ng. 30Fig. 12 is a graph

showi ng the r el akionsfish ASHNSREIIAREALLABAMED bbfReR Ttk bsRRPlircusa
In the tenperature change of a carrier plate. Fig. 13 i1s a graph
showi ng t he the ampbiste pn bb¢ vwempetaheeackpnige ude ai cartibe flarpar dteupeint of

change of the carrjer fplqiiég and the thickness and SFQR of a wafer at
- 6 - the pofAMIRFIMRLR '€n of poli shing. Fig. 14 is a graph

showi ng the rel aﬁ:'igm%%atggtvwgham paoétkéhkmetai&%naeﬂ 05)91% 2197lal Lpes
in the tenperature change of a carr|§r plate at the polin oP
term nati on efatpsl prehided cobdengic ¥thitke aartiepplatew showi ng a state

where a retention opening of a carrier plate i s provided concentric
with the carrier Fp3-di0els 2 'graph ghojvingghe gelatignshish belisn the pplashing time and

rel ati onship Lshi ' itude in the
tenperature gﬁ%ﬁﬁgg ¢ g? %@?é#@&agﬁggg%@ %ﬁ?@g!egr aph show ng the
periodicity of tRé.tlgnperatpli shokinghte parivdieity B¥phatenp ddbEeRb Pible @ari@¥r
EVMBODI MENTS [ 0017] . Herei nafter, the background of how the present

i nvent i oh® ha8ldeen achi eved will be descri bed.

DESCRIPTION OF EMBODIMENTS
[0017] Hereinafter, the background of how the present invention has been
achieved will be described.

15 The amount of polishing removal of a wafer connote be sufficiently
controlled by the conventional control the based on the change in toque as
described above; therefore, the inventors eagerly sought an alternative measure.
Since the temperature of slurry significantly changes in a late stage of polishing,
they focused on the fact that some temperature change of parts in a polishing

20  apparatus and a supply material (slurry), and the like during polishing can be
suitable as an indication of the amount of polishing removal of a wafer,

Accordingly, the inventors first made a prototype of a polishing apparatus
shown in Fig. 1 in order to measure the temperature of parts in the polishing
apparatus and a supply material.

25 As shown in Fig. 1, this double side polishing apparatus includes one or
more carrier plates 3 (five carrier plates in the illustration) each having a
retention opening 2 for retaining a wafer 1, a lower polishing plate 4 for carrying
these carrier plates 3, and an upper polishing plate 5 paired with the lower
polishing plate 4.

30 Polishing pads 6 are pasted on the surfaces of the upper and lower
polishing plates 4 and 5, which face each other.

The carrier plates 3 are rotatable. In the illustration, each carrier plate 3

can be rotated by a sun gear 7 and internal gears 8§.



15The anount of polishing renmoval of a wafer connote be sufficiently
controll ed by the conventional control the based on the change in
toque as descri bed above; therefore the i nventors eagerly sought an

alternative neas Si.nce, t he te ature of slurr ni ficantl
changes in a | at dhErSHCOPIAEY AsFicHghavengye @5 Sk FIR e OPEERSS Rafone

sone tenper atrétél?ncﬁi‘@ﬁ&%ﬁn ﬂﬂérlilﬁ'stfa@loﬁ) R tlﬁ%%tlgg%ﬁ%hgé E%ré‘@@l:eﬁmc to
supply material (slurry); and t I'i'ke during polishing can
sui tabl e as ﬂmwemthrmefteadncametphteﬁmunt of polishing rem)val of a
waf er . Accor di Egr the inventors first nmade a IlE&)lrot oty a
4|

pol i shi ng appar afHEISh oS RRLENIGE FPRATAYS JOFIUAES e de PErefiE Phetsuréinent

materal - 25 B B iR e I ARy RI I RN NG Sppar at us

i ncl udes one [@018]ror e Fixat, r ther inykatoes ddublei pelistadr i ewafel atstsg ithe tapparatus
I llustration) each haV| n? a retentiqn _opening 2 for_retaining a vvafer
1, a | ower p&ReemiHgEE af cand m&asw&ﬁrﬁtengemmg@rearpwhﬁm B, duging

an_upper pol ngéslﬂggﬂi @:Ea%nﬁe [&8l s fsb %ﬂ%eerpt@ﬁrte Efaﬁﬂ%%ﬁd%é‘&xﬁioﬂm of

30Pol i shi ng are ast on t aces of er and
pol i shing pl pbRshidg aedlo5a1 whiotvetac ehepcdoudd hest. find theThepecaﬂr degree of
plates 3 are rotatable. In the illustration, each carrier plate 3 can

be rotat &9 b?oﬁe@t]ﬂn gegprotlpelawgrqsnf}@rtﬁgqpe@)ég,eg)fghe palishing slurry psg found to
carrier plat 68 afre&RG IB Ry 813?18%@9 g?ﬂgg% uftﬁl(?QP oSprecfﬁgpltggﬁd %%ﬁegﬂt%lht%.

retention open| ng 1 n he | e reten

are eccentric toNeIsag teefiventodd foeasdll @athicifett thhtathe cBange in the tenﬁl&ithﬁ of
this polishing apparatus includes a tenperature neasurenent 5 nmeans 9
for measuri ngokighang e%@yawaﬁ eonginghy ug rtpethepichenge 3n theoiepmrare of

the inventors, g HI?A&I?% ﬁf’ 1J{ eﬁbef%hﬁ%"‘?pg%fnﬁ’ss' %I%Btﬁﬁn&‘ @E?s%“%ﬁfe}ﬁé@ ahues of

Fig. 1 and neas era poli'shing®slurr
pol i shi ngs t otigxaditiee pldies 3 ethetupms odshiat wWeee 4, hedtLanehateteniatdpbded

amount of poli shi g renoval . However, they could not find the
expect ed degpewngfthe upper and lower polishing plates as the components of the polishing
apparatus were measured, and the relationship between the temperatures and the
polishing time was evaluated. Note that a Thermo Tracer manufactured by NEC
San-ei Instruments, Ltd. was used as the temperature measurement means 9 at a
20  wavelength of 8 um to 14 pm for a sampling period of 10 s to measure the
temperatures of the components from one direction.
The change in the temperature of each component over the polishing time is
shown in Fig. 2.
[0019] As shown in Fig. 2, the carrier plate was found to be higher in
25 temperature during polishing as compared with the discharge tank and the upper
polishing plate. In particular, they also found that the temperature of the carrier
plate characteristically has significant periodicity synchronized with the rotation
of the carrier plate in an early stage of polishing, the temperature rises with the
polishing time, and the carrier plate is less affected by an external cause in terms
30  of temperature unlike polishing slurry.
[0020] The inventors sought the cause of the above temperature change of

the carrier plate to find the following. The findings will be described with
reference to Figs. 3(a) to 3(c) and Figs. 4(a) to 4(c).



10correl ation. In other words, the tenperature of the polishing
slurry was found to be affected by the digscharge path, resulting in
poor reliability and repeatabili ty Next, the i nvent ors focused
on the fact that _the han t erature shi slurr

N ori ginal |y e 3B SCRalgy ton BRESTaare da iR i a2
the pol i shingeappatiat ll!ﬁateTjﬂ(%) Dol 683 8uafohd LEMRCEAHYF §Ri05 Wi
the carrier plates 3, 'the uppér polishing plate 5 and a di scharge

t ank di sposegohstongmgatihed, anlﬁe(c)aﬁcb Fddubonsphp betwerg the atressuas appked to a
conponents of the I|sh| ng t wer e neasured, and the

rel ationshi pp%{% Wéffﬂ%dggﬁ% (g disiencerd %eﬁog%%grom%%r in an
eval uat edg Tracer manufactured by NEC San- ei
Instrunentsl\lgiﬁygt]a%a sgﬁf% t he tenperature measurement neans 9 at
a 20 wavel engt h Ghe&outerdvedge 34 here tefersatosampgiongrapgmigodithin 30 dmt i the

nmeasure the tenperatures of the conponents from one di rectl on.
The change i ﬁaqlﬁéh’feéﬁﬁﬁl%‘t’ﬁﬂér‘lfﬁ thae elohssAsH et Besarrigel #61 i shing

time is shown i n g 8?‘% lﬁl[ gj%lgg?%tlﬁh&%f& 1n15':1'e911ne% tg' etgf’i‘ttitgﬂ Séerf?h%‘tze%f

was found to be erature during I'ng as

wi th the di sciwtgeict phke angdtthe coppenf pal wafer rlglsp&lcaélﬁrlcltﬂ t]@abénteubﬂfhe
they also found that the tenperature of the carrier plate
char act el? st P@éleF91%§ significant periodicity synchronized with the

rotation of the gpfr 'tﬁé {Iﬁtlzl?ﬁe@ o? S{%{- s ﬁrggletthafl tho HzéllHeQQPf E carrier

tenperature rises w't e carrier

| ess af f ect egldwy 3ain eﬁt@ﬂlsraétageawq)olhlhfmgra‘s‘sslaﬁm i RYpERAHUT e“hetrefdrkethe
polishing slurry. [0020] The inventors sought the cause of the above

t enper at ur e YRS prds harcreadeagapishthe ewer ¢dag Ianef 7 Bt ehihegcarriereplate
Lindings w1 s & AnR dslal SPULSIAISIAERAS & Souihol % Yo b
tenperatyse d{d! !hle?#ésjsﬁfb &plied t@ﬂieecfarﬂégj_ﬂat%aj B tike SAlshik pddl @isGindreased
(b): the contact of a wafer 1 and a carrier plate 3 with poljshing

pads 6, and ge)he firséaqcm%@motﬂi@hwefebét emgreaped. prRegiensein gt V@myooﬁthe

portion of the ¢ rrlfafmspal ldaond t he . distance .of the portio

waf er, in an °ol ntac por o€ %0 Fhserpohshmg pa ﬁ.rt]ieto(ﬁﬁlerae 1ct10:§1a ﬁer@?etthus

refers to a ﬂfegtempemﬂfﬂ B the é&htﬁbt?;ibrﬁms Bedoe hidlleA s @bfr@ﬁiddOWuh other
inward fromthe end of the edge of the carrier plate. As shown

in Fig. 3(a) POIthJ@S\naﬁb@anElg éfadined in a retention opening 2 of the

carrier at ce of t he, waf er ccentr c

conter oft tnEV2D colPh B G b, WOSnTah Py BT RCRI e Bropifls and
waf er 1 IS |ﬁ{egt(hickh9§s@s bh%éﬁh&kﬂ&ﬁﬂ taé c&ﬂﬁr%ﬁté Bﬂfec@ﬂn@teQuéﬁ toMeadi other,
early stage of polishing as shown in Therefore, the

pol i shing paﬁse polighéng paded aagénmmhttlh@ @mf@m ed@tectaafltbftha qaLniqr ldﬁte 3.

th 3.d t,o th t t | hi
Spg CIC? Ir I:Ialelr ygcggredérrﬂ%;eﬁ Fl}?qyi’lb?ﬂ %J1g%s 4'(;5' and &)(fc), ttl]ae rgsslu%: Iaqg] w%a% the outer

edge 3a of the carrier plate 3 by the polishing pad 6 in the circumferential
25  direction does not vary. Ttemperature variation in the circumferential direction
is not caused depending on the pressure variation.

However, in the state shown in Fig. 3(b), since the wafer 1 is thicker than
the carrier plate 3, a gap G is formed. On the other hand, when polishing
proceeds to the state shown in Fig. 4(b), the thickness of the wafer 1 equals that

30 ofthe carrier plate 3. Therefore, the gap is not formed.

Accordingly, the heat of the wafer 1 is easily conduced to the carrier plate 3,

and the rise in the temperature of the carrier plate 3 due to the heat becomes

appreciable.



15 3(c), the pressure applied to the carrier plate 3 by the polishing
pad 6 is increased as the distance fromhe wafer 1 is increased.
Regions in the vicinity of the contact portions are slid on the
polishing pads 6 to generate frictional heat; .thus, the tenperature
bf the contact pdr BPERE BolnEAHEERUT & Eabds Je et o rafgnk
as shown in Ej ( o the other hand, as shown in Fig.
4(b), as pol :Sg |1%%Ig%%%§gg§9§nh@%e t hi cknesses of the wafer 1 and

t he carrier plat&pacifiedbyreinepolddhit® seaeh fodrhehe dstdte shokinshi fFdge. p@3, the
are brought into unifogrmcontact with the carrier plate 3. |

Accor di ngl y, S#$ic8 AR 3 #ndrihgspolishing pafd %1pE9 In ¥HETEY exastevdp sprlathes
the out ersed%ef’é%s fie %Eﬁ Qlhéttin hﬁlt ﬁle%vgf%rtlrk?ecgﬁkﬂ,é ﬁgﬁeﬂa&a d q’hbf&fore,
the circunferéntial Irection does not vary. Tte rature

vari ation i ntheh@entpjcraturd earénionain thierdatintferentiandiretmusetithdeqeriei pigteots

the pressure_variation. However, in the state shown in Fig. 3(b%,
si nce the wafmerted; ffompthegate fhown pe Kar piar B giheravordsgdhe @ortion 3a,

f d. On tQe.at ishi t af
o Fg. a(b) VhidH B bBH S NORD rhle 31 BRREAGEERY . b MRS oPHR
carrier pl at earier TfleteeB oire ant bglyg3pgesoNgblibingebecomes AclatvelyNhwer in

the heat of the wafer 1 is easily conduced to the carrier plate 3,
and the 19 setqmparplare diasethet ether perts we thastate shpwatia I3gdded) o theeeafter.

heat becones reciable. .- 9 . i rri t.
3 wnioh 1. MEWRr B oprany pihich ap et Y8R JORBFE b RErafn8 if an
t enperat ur e. early siape@iffpotishihy, bécanrelreRitivaly Tﬁ%ﬁ@ﬁﬁ tefhpetatite thdrathe other
shown in Fig. 4(b), the carrier plate 3 and the polishing pads 6 are
i n uni f orm coattas inhastadashown ieFig. J(hadghereafier heat conducti on
fromthe waf bec ) reciable. .Therefore, .th enper.at.upe. .
variation i nqu%é] Ci rg;jrlﬁff‘de&gﬁlﬁ gﬁor%fpfglgtl: n|e§nf'i§no ngshéﬁecgorr%@eq}r% & &e}g? %l%lltg will
i nvertediérogegheusteate shown in Fig. 3(b). In other words, the
portion 3a, which has been relatively higher in tenperature than the
ot her portions ofWhavetheaemperatyeaafethy qaprieinpleter isymeasarsd & grampdh b
becones rel ati vcelly I over. in 0%0 aenaeor attﬁr etet haln t he ptﬂperc H?errt Sla.%)en:% is
the state shSRKR nmﬁ?lbs. iffrb) Sr Y ReErBaf gr.n%aaﬁ%i?e, % 158 porPi hn,
whi ch has begfah@bdin Wl drdugifBientifll diesEpiRnaFMIcEthe Radier %Peftb ¥ ist@gredof

pol i shing, becones relatively higher in tenperature than the other
portions in the dwcgerdingipwini an Riagly stagy ahdolisbingafpesiodicl ohangBasethe

on the aforenentioned fi.ndi ngs he,.f oregoin eri.odicity.wll .15b

'scussedt - TERGERTS pe HicHBErL Pl S PriAE AP E Rl Bt herte{PEipe

for exanpl e byrRP ppREical oBRARY. f OB R diHifyeigt deRfbaséd18s Péﬁﬂﬁﬁgbwc%eds

of the carrier plate 3 is neasured in the circunferential direction

whi | e the caes skowplimtfeg.32,i andr e qresigdiciycol diertgmperatyre phangy isylost agée
rat ure. of the gier

of polishing,,.periodig ch in the 20 te r
plate 3, syntHPGHPS PROISHER | ARPIRSTRPEBMBIFBESGH! ThREET P Spi at e
3 is observed. Thgipehitods pblivhihg pdece@asRAt 8sndRlibe Tdi8 tBE QRRGIS tAfhe
shown in Fig. 2, and the periodicCity of the tenperature change is .
| ost as ehe thircknglste Gf betmmewfappretiabdprasx desridsd t slwvehi chemsdingty, in
the carrier %(ln?ttra%t %(') the early stage of polishing, a portion of the carrier plate 3, which is
less distant from the wafer, becomes higher in temperature. Thus, new
periodicity comes to appear in the temperature change of the carrier plate.
Such inversion of the high temperature point of the carrier plate indicates
30 that when the temperature of the carrier plate measured in the circumferential
direction is resolved into a linear component and an oscillating component, the
phase of the oscillating component is inverted.

Thus, the inventors found that the phase of the oscillating component in the



After that, as polishing proceeds, heat conduction fromthe wafer 1
to the 25 carrier plate 3 becones apprecimbl e as descri bed above.
Accordingly, in contrast to the early stage of polishing, a portion

of the carrie 3 whi c i stant. from the. waf becones
i gher i n ¢ eRbuREEL o i€ WRRSTGoLF BT s i P el R
tenmperature ?é?ﬁﬁ&@tu?é ntléh%ufeﬁr Id ke Qt&&ﬁtfer%%ﬁil HRV&IoR 9&veS Ahg f*&b&lﬁble

tenperature point of the carrier plate indicates 30 that when t
t enper at ur e afditdinaithe polighieg stateeefsbe wdférn t he circunf erentl aI

direction is_resolved into a |linear onent and an os

conponent, t K Ea %BP t%ﬂt?g%.mﬁ%t.ﬁgm%n%ﬁeﬁtont SO i %ﬂta%ned
t he invengor 1f15’d{@ ?ﬂaﬁhaﬁ&ﬁe Qfiedhe oscillating corrponent in
the - 10 - aneo e tenperature of the carrier plate, in

particul ar, the (f.‘tﬁl‘clirﬂeﬂ’ tpl edvealt ehnpeashatacteistieasef ebk | periode change in the

circunferential directjon ser ves as a favorable indication,of
pol i shing st #ePEHUEhehapeectt. the serarmate: shoa B Signda & efﬁ?t%%étg time (10

di scussi ons (S P t r t I O
Vi ow Bt e o T B En SR OB imt RERRRRL OF 1o ) e
change in t hempénpier@f the exsciliatigg cofnpbhentciarthe eempératuge shmga: ofthlei @rrier

2, the polishing tine (tlo mn to 45 mn) iis divided into eight equal
time seghtnt slatistconmputeiy Fopderastariyiresnest e ting peggnents A to H.

comput ed by FSiR o Gacy i HRAE sBpLae GRN Rriol L B8 defecytq he

H Fig. 5(a) afsededi@Rd tihovdghgertde arrpl i tude on the peri od axis with
respect to the aforenentioned tinme segnents. As shown in Fig

5(a), each time dégihenn Hakig ﬁéa)péakh pedrantihes ithe waléuamnlgtuctﬁ inTthe
in the rotation 19)5 4’?6’119 r@ﬁatt%ﬁ 1‘3{1 glt@égafm%ﬁ@l . 5(b) is a graph

of plots of pea ues o I me segnents. As

shown inifig. 5(Wig. 3B meagﬁaptﬁbﬂplo@sf of Pealanplues vdehd smplindss of the time
linearly attenuated as the polishing tine is increased.

Figs. 5(a) aseBmghy., AnshawplintkigesUon tho@eslevelucart the @maheld@wévatmagt
relative val pe arM i‘g‘f a%f&%qﬁe i‘g‘béﬁ%@%gg %@aséa ude in the tine

segnent A (8 M Thus, the

inventors found tha&tigd BFapard iS(bideh®faniplituddrdr eie Pédicel hERNLE AhUHE as
neasured in the circunferential direction also serves as a favorable

i ndi cati on ofeletiee ydnesswithghespeske abte efibewarditudg ipdhafime sepmenbh Brin
above, tt}(‘f‘\ i ?ale(gltnqlrl)sbglggrltgot((p?t the carrier plate during

Thus, the inventors found that the amplitude of the carrier plate temperature
measured in the circumferential direction also serves as a favorable indication of
the polishing state of the wafer.

[0024] In view of the above, the inventors found that the carrier plate during

25 polishing is higher in temperature than other components, and the carrier plate
temperature also serves as a favorable indication of the state of contact between
the carrier plate and the polishing pads, that is, the wafer thickness.

Consequently, they found that the target thickness of a wafer can be
achieved by accurately controlling the amount of polishing removal by

30  associating the carrier plate temperature measured by measuring the temperature
of the carrier plate with the polishing.

As described above, it is effective to control the amount of polishing

removal by grasping, in particular, the phase and the amplitude of the carrier



25 polishing is higher in tenperature than other conponents, and the
carrier plate tenperature also serves asigp-favorable indication of
the state of contact between the carrier plate and the polishing
pads, that is, the wafer thickness. Consequently, they found
that the tar §Hte {9HRFHNEEs of a wafer can be achi eved by accurately

controlling nou 0 i.shy i at | .
carrier plat l‘i@e ergﬁ%r@%&%ﬁ?é‘ﬂ%ﬁ%é@h?%& t§ gﬁ t§ gﬁ&ﬁiél a!‘t1 3@3 éﬂ) 0 side
the carrier pbAilangapparhfue fpolvafdiingccordanceAsith@ae edbedimadmvd,thé prdssnt
effective to control the anmount of polishing renoval by grasping, in

particul ar, {HENBARse and the anplitude of the carrier plate

et & de! poAiufiotp BBl (FaE MRS AS'ARSHANEU S AIRLP

a doubl e side po ng app er 1’ n accordance

enmbodi nent ofjotibe siteesd thidgnappatdteninchAling e mperdting. mé{sdyemdnd means 9
addition to the aforenentioned structure of the double side ﬁgfléi shin
appar at us i néoruaesyringdhe dempperatune ef feacairienlete Ashawndnikag. g fhonp

the temer at e Sl SSLTAGE MR bol bl o eonlIP HUE B ror

si de poli shi p i nvention S a control neans

10 for contr gbhtcdl8ng Be amRuAt oPlhoReHihg RemevAledtoy alat@f indadkdfRihcé With the
accordance with the 10 neasured tenperature. Further, the double

si de pol 1&hi myaappditemperaigie.t he present invention includes carrier

pl ates 3 each hayi ong ol re.retentjon openings ne in the .
P ustraton) . Thenfer o SaTh i gRhia, REERS o ¥ ardhehbiyentior
eccentric t Oiﬁdll&je@,Qi_aF&ér Rhtel BecaCRMalv Bz dileddremare Aead¥®ion dpeaingkT6nd @1 fRe
"eccentric" herein indicates that the center of the at | east one

retention opdhistrgtips). dildsl mbandionrapeninige? peamided of achwuias platp ¢ epreatrie. to

Speci fically,, when g rrier ﬁll gtf has two or nore retention
openi ngs, thgjer%efl&%tol e{ﬁ;gﬁ{ 63 dre necessarily eccentric

irrespecgsve of Nl thaRfHARARMBentIdYa A MGt Rtit €AY Edredr 4TI tRE Gt RAS
only one retention opening, the retention 20openi ng can be

arbitrarily phacetersionl opepiag ist displanstl fomcether centar taf thre comier glate.
o ate, [0025Lbn phepOUBLE £ SEBSbA AR 5L BEcl KUEHRE 25y
the carrier plahtfod SpéMh@d @k necessarily eccentric irrespective of their arrangement,
whereas when the carrier plate has only one retention opening, the retention
20 opening can be arbitrarily placed as long as it is not concentric with the carrier
plate.
[0026] In the double side polishing method of the present invention, the
wafer 1 is retained in the retention opening 2, and the carrier plate is rotated
between an upper polishing plate 5 and a lower polishing plate 4 with polishing
25  slurry being supplied, thereby relatively sliding the wafer 1 on the upper and
lower polishing plates 4 and 5. Thus, the front and back surfaces of the wafer 1
can be simultaneously polished.
As shown in Fig. 1, the upper and lower polishing plates 4 and 5 can also
be rotated and in this case, the upper and lower polishing plates 4 and 5 are
30 rotated in the opposite directions.
On this occasion, in the double side polishing method of the present
invention, it is important in polishing the wafer 1 that the temperature of the

carrier plate 3 is measured with the temperature measurement means 9, and the



bet ween an upper polishing plate 5 and a | ower polishing plate 4 with
polishing 25 slurry being supplied, thetzby relatively sliding the
wafer 1 on the upper and | ower polishing plates 4 and 5. Thus, the

front and back surfaces, of the waf 1 can_ be simltanepusl
pol 1 shed. - smougCopRlhingFepoyal ol tﬁﬁfwefarpbé}C%@k@%&tﬁ%aﬁgﬂimws 10
plates 4 andb?se@lgdlh t%%?ef@@feﬁ%lﬂgé‘rguﬁé‘gftﬁ% &B‘iéfr%ﬁét%%u the upper and

| ower poli shing at es and 5 are 30rotated 1n the opposite
directions. [0027Dn t Aihsas,otteaingrratire dbhehdeadrice ade3 polmedsungl methhtc
of the present invention, it is inportant in polishing the wafer 1 |
that the tenffoPRAAUE BreasHemEnRl peahs B aitdths mgaSHé%*smwerﬁﬁ%é carrier

t enperat ug e r : el - k21 = allrgmmga | 1184
renoval o? t e%évéf %%B?lgﬁa ggﬁ%tgot P?%gnchj&?togep %%Hltnrgo mah?&&%ﬂbﬂgﬂéf glr?
t he measur edameopesBpaliskingf reinfverat af theewafpt atte b3.coif?ORdL ohilie, tafgeamount

tenperature of the carrier gl ate 3 is measured with the tenperature
measur ement REAAEShING EgROvahaY messs pEtheorpel Beanel®f the carrier 5

21 Tows the ahhos) of BarTERin gs AR Mod oo, 68 IR R XaperliE dnange

control | ed teftdhe tarigetplawdwtdetsimpedd, sdtidghe grodéRinghYerfaaonofoiteis
control neans 10. [0028] Specifically, as described above, the phase
in the t&¥mpepsactipicdniongxapple by aupeipbng shatbases chpigsr wWithelde apepnt el

polishing term.natian LN o C LN E.e . 1
associ ati ng f ﬁfé&ﬁﬁ%s}‘gm@ﬁgnéfe ﬂ?\? tjvﬁaf?‘rsﬁetﬁé%rrggnfo%g{pﬂbn i)fs [ h-gm%%\/%hsl&?lg
the wafer, thghrehy. controlling the anmount of polishing renoval.
[0029]Fig. 7 is a graph showing the result of neasuring the

tenperat ure 61028 car Figr7 iglaagrapkishevwige o reshlted nireseiongrthe tomparafigr of a
o, doubl e =1 0L 0 B4, SR AEESCY S0P Bl

solid line grap correspo

to the peishiing thé BBpHLAERRwWHIATE00 (e $0%dABR draph iFp, 8.1s 4.cldNetu®
that the results of the tenperature neasurenment shown in Fig. 7 and
Fig. 8 were obaaonieh opwrespphdingde thy pelihingtipersgemenat GemsH0 6T194800 (s)

ottt e YN AT ¥ U AR 0 £
500 ns. [O003QhASFigh®Wydrd dttfined @IE fheJuseBoftiie fegijiRedtatelsensoh FDEI30
of the carri ?nranufactured by KEYENCE CORPORATION as the temperature measurement
20 mecans 9, at a wavelength of 8 um to 14 um for a sampling period of 500 ms.
[0030] As shown in Fig. 7 and Fig. 8, the temperature change of the carrier
plate contains an oscillating component synchronized with the rotation of the
carrier plate.
This being the case, the polishing state can be analyzed by determining the
25  phase of the foregoing oscillating component.

The phase of the aforementioned oscillating component is not limited in
particular. For example, the phase of the oscillating component can be
determined by modeling the temperature of the carrier plate (the graph in solid
line in Fig. 8) as shown in the formulas below (approximating the graph in

30 broken lines ifl Fig. 8) and calculating the parameters A, B, C, and D by the least
square method. In Formula 1 below, the first term and the second term in the

right side correspond to oscillating components, whereas the third term and the

fourth term correspond to linear components.



pl ate contains an oscillating conponent synchronized with the

rotation of the carrier plate. -1¥his being the case, the
polishing state can be anal yzed by determ ning the 25 phase of the
f or egoi ng osg]iél | a in? conponent . The phase of the aforenentioned
oscillating ?ﬂﬂiﬁ%ﬁ is not limted in particular. For exanple, the

phase of the oscillat CORR t. gan e determ ned by nodeling the
t enper at ure of tlr?e %tg%@?vgrppl ggttg[)(q; he+graph insolidIline in Fig. 8)

as shown i n (Penfuda Bul as bel ow (approxi mati ng the graph in 30 broken
lines in Fig. 8) and calculating the parameters A, B, C, and D by the
| east square met RG@CHAYP6Fnula 1 below, the first termand the
second tegrmii i i . I t 0

whoreas Che {hE oY B &el COa R o P e L Py R RRECAs the
conponents. amplifide i6Featoutdted FonT (& ABD(aind theBiiasé 8t from D' 6-=[B/(A” +
(Formul a 2) %g”g (27¢460) x ¢ In fFormula 2, r corresponds to the
rotating spe ) oforcRg Qzﬁrﬁ/(%r'*‘pﬁ dt'e, whereas the anplitude is

cal cul ated from ﬁ@%ﬁﬁg@g) %e%@ﬂu&@ﬁ?cﬁh%;g}age Eérpmsﬁig@écjaﬁﬁufatgé g%eghods

B2)1/2 or cos-le B tron, t npl1tude” an

t he phase casudl &0 firecxaalipts) FTe@anFonsEehoasisme)y as, for exanple, FFT
(fast Fourier transfornm . 10[0031] The phase of the oscillating
conponent0i n 9]t engdeshaseot Herppsilptingromponentcin the feraperaturd ghengssof

d i bed ab : ' et -
the.t i cknas S ioforiRe POEY i el M ARETReCho BT s MG EE R he Mt

when the timyi@oirédpe td hRe phakaedt oMiheheathie phitekoaasbe afetériinaddrfl eFor
equal s the thickness of the carrier plate is the tinme point at which

t he phase i setampley wheadhe dmmpeias obyhopbasert/ which thenthigknass of She g fer
initiation pqjnt ifa]g{gg |1 shi I i€ t .
pol i shi ng te(rgillﬁ'lar%%tﬂileoﬁhlf)0| n%lg%g?é ﬁﬁrﬁgh%ﬁg% F}lfegﬁl\r% s(ﬁlg éttﬁgg\}}\lfgtbgrplﬂlg%e 8
| arger than ubaatddi @k } Of J09E LB frb@rthPlpdliShing Snitiatig@pdtht, if a amount
polishing is term nated before the phase change reaches to 90 (7c/2).
Al t er nat i vel 9f palighingoemengingchievededts e modishing termiatiphinoikiie 86 véich He
waf er 20 bec s smakler than {he i C S t rier

arter the i SRCRISSRET S UMOER: Ghter L BRTRR Bl AN BAHe bl B gt

a polishing bbrginEeld nermifgteliangfired tmyHake Ofhap@ki sdlichgs reMmal (fmy.
be set in addition, to continue polishing for the set polishing tine.
[ 0032] Next , &lwpeatiygly, owhemotishingny peréoraaslu patibthey dhickngsy gotr éep veafer

,? ferrg erzgt g@;e&ne(%{n%gélﬁ%ﬁi%ﬁt:hgg (jﬁeh hi2 elsis tolfdtﬁe %];rrge@eplgtae,r ré%tgrr t}Ral f%n% point at
which the phase change reaches to 90° (n/2), a polishing time meeting the
targeted amount of polishing removal may be set in addition, to continue
polishing for the set polishing time.

[0032] Next, a method for controlling the amount of polishing removal of a
25 wafer by calculating the amplitude of the carrier plate temperature will be
described.

Specifically, as described above, the amplitude of the carrier plate
temperature is calculated, and the change of the amplitude is for example
associated with the amount of polishing removal, thereby determining the

30 polishing termination point. Thus, the amount of polishing removal can be
controlled.

[0033] The amplitude of the carrier plate temperature can be determined for

example by calculating the parameters of a model formula by the least square



Specifically, as described above, the anplitude of the carrier plate
tenperature is calculated, and the changetof the anplitude is for
exanpl e associated with the anount of polishing renoval, thereby

determning the 3 | i shi term pation point. Thus, the anount, o

ol Lo e ot abAcasE EbRPP . e oy e aiiade, i b Cntgatined for

carrier platg g erb%é‘ﬁef Cgﬂstb%qﬁts:@rﬂaa%rﬁﬁf exeWRlE, Dhe method for
the glgra f :

cal cul ati ng ters a nodel fornula’by the | east square -
14 - nethod dstetaning tiechngfituéde isAldt dinneddi teehgse héthodepl i t ude can be
determ ned for exanple by FFT (fast Fourjer Transfornm). However, the
met hod for d&40¥i ni Hy thik@ceasitn. (ior €xamplothe fime moint hers dhe amplifsigsof
100341l n thi ' I tzh i e Nai: t : :
anpi 1 tude” of TEEFR e othe EARTR e 'R PR Slacltiflia 41 e poin
i s determ neevhage thetthivknpswsi dfta walsrequiile thétldkikess odh carrisafpiate.e (hialss the

the thickness of a carrier plate. Thus, the amunt of Eel%lti shi nﬁﬁn ,
renoval can BEOHBE @f ap@ishings aepeyaleerrydienacqupaiely qanfrolind agingt fisn linear

rel ation of Eggnﬁgigpqgtgﬂgﬁggﬁn% mﬁehgtgﬁ%%ﬁﬁ{u%pgl y, when a anount

of polishing renov ati poi t he t hi ckness of
the wafer is |argecotd@flyt Whed Biaglonas sf polishieg eansvadt pltabepbiat at which
targeted as the anount of polishing renoval at the polishing . )
termi nat 1bn # Hiicknsss of Hhe gvaisn ipdarger Mharathedthidmepse of Kbe Lapiart plae is
is mnimzed r.han .shi ' for at gL

t he thicknesgng$e§%§tﬁ%?%Pngogggﬁggﬁggﬁgh§¥ﬁng%%8E§éégtgﬁﬂPﬁg&lkmnn
carrier platgoligih@lcah e RimidateddBefose Mabiphade i@ MdfimidtdNg OhSthergther
neeting the taégeted anmount of polishin% removal can be set in

addi tion, thérebyvhesmalishinggs petfhunsdgntilghe thiekness ohBiei wafeniy smalier than
[0035] Her e, Yﬁ]eeﬁli%krﬁ%sso Qf‘ T r%gl/ep bla cp,ea erp%i'ul: ta%’{}%?ithac{e %shlglr}lrtglg%)eg[ %tpuorlleshprfcg
the carrier plate are used as fndi’cations o € anount o

pol i shi ngs r efeamedfing g m%@éd agfthuyit b_hfpoﬂblﬁﬁg rémyvilecdiSBél ser inoAddition,
the anplitude may be used. 20 Alternatively, both the phase and the
anpl i t ude nathasebyuepaginuing patisfingdor thesscgpabshiahtitieng t he rel ati onshi p

bet ween t he ishing, ti and the anplitude and.th hase of. the

osci | ati ng ChsEnentiers Ve FEmpase AtPet M fplitint SR AT Biredhols St e
shown i n Fi gcarfier White hir@fSed @ mekibitidnk &1l tBa Hincifiy dF §olEhiA8 demdSNOb£the
that the anplitude is shown as a relative value with the anplitude at

t he pol i shi ngyaferi tdrdy i tha pladsat megi hg used or only the amplitude may be used.
20 Altemnatively, both the phase and the amplitude may be used.

Fig. 9 is a graph showing the relationship between the polishing time, and
the amplitude and the phase of the oscillating component in the temperature
change of the carrier plate shown in Fig. 7, which are found by the least square
method.

25 Note that the amplitude is shown as a relative value with the amplitude at
the polishing initiation point being 1.

As shown in Fig. 9, the phase (broken lines) is inverted at the time point
where the thickness of the wafer almost equals the thickness of the carrier plate;
therefore, the phase greatly changes around that point. On the other hand, the

30 amplitude (solid line) gradually decreases as the thickness of the wafer
approximates the thickness of the carrier plate.

Therefore, when the targeted amount of polishing removal at the polishing

termination point is set to the amount of polishing removal at a time point where



As shown in Fig. 9, the phase (broken lines) is inverted at the tine
poi nt where the thickness of the wafer aisost equal s the thickness of
the carrier plate; therefore, the phase greatly changes around that

point. On the oth hand, the, 30anplitu solid |ine aduII .
decreases as }i‘eh@“‘f eﬁ%ﬂg@ vogtet fgh ?hé?rtﬁbi%é?%ﬁfﬁﬁ? éérrgeﬁg Ay tgﬁ ﬁé@éméﬁe

the carrier rably us g'(lpgg?ﬁ Beatitien the targeted anmount of
pol i shi ng rem) at t e polishing termnation point is set to the

amount of poli shwgerr trenpaishatg eermimitiopgioint avhibe dargeteiSamnodrteof polishing
t hi ckness of the wafer equals the thlckness of the carrier npl at%§ t he
anpl i tude i s'PPRYArIALY taébﬂ agough of Rplighingoremoval af\gelime RO M

term natign I e
to the amsuntgriosspf L bk GEL R ATk thin BE A oF B NARHicl faft i
t hi ckness of phhe M@i'ﬁbrabQCMSasshmiddwahbhan the t hi ckness of the
carrier plate, the phase is_ preferabl &{eused as the indication.

Further, using t ﬁértgﬁlaélél%ﬁheﬂ)ﬁésea?‘ﬂﬂ (eeplude ﬁ%theﬂaﬂ@atw%@r exsyple,
exanple, a cri f n,.Qf

T the. ampl i AUAECHGR ol cHBRT8E O hdlE BURE RGN chifle OUR' i IGE
pol i shing rerhied coﬂmpob@ t& lie ‘Ed;igehed dhouhabf p@lllshsﬂrg f@nmm, mey be set such
termnated at the tinme point where the both criteria are satisfied.
This prevent shatolishing o poltersnnpgd afHhe Himg pol whae thadoth waiteryy are
repol i shi ng re ed. Al naf i,v -8V j

and the anpl %%)tlsgge das%;ﬁﬁ g“*"&“ ttggb I ggnésk 8# §0hﬁn§%pwﬁf£galgﬁst (éés?glnﬁf}f}ﬁg for
change in thecfotidERigafdba redidedr i AltetiatiCBB)Eeh Nusitle bardite phiae m ate
correspond to the targeted amount of 15 polishing renoval, ma

set, and pol ﬁwlﬁgiecaéﬁhﬁmdl@ﬂtmﬁa’@ééxﬁﬂplph@Cltlieﬁ@ﬂptflchﬂngmértbep %Selﬁ@tiﬁi
criteria ar € t' Ssqfeccnilan%e fi] by f 1tu grwlﬁcﬁvﬁrrgsg)ogflqg%héj%ﬁ%ﬁ%d nl%ount of

[0036] I'n t hi §"'6¢¢ h op A e RN SN exa

i nfraredisensolisiiag r@foHdohad bete and ?@ﬁmﬁmgr@n RSt RARA at m@@ﬁﬁleqsomt
The tenperature of the carrier plate e neasured, for exanple,

by 20 pl aci ng'here @wlapnte@amsamﬁnéﬁﬁle aﬁsrtberalremm@g@wﬁmﬂmbmghe

sane hei ght e carr late 3 to asur e surf

carrior plat00els (TR IS ocBedOE 2 AT RGNS shORaf B bR fnforiarta
shown in Fi 9§ens@f@én b@ﬁ@das&ﬁ@'teﬁﬁﬁ&atu@e hRARLEMEM BefRISUr €MENL  MRANS
9 may be placed above the upper polishing plate, and polishing can be

performed with tFféledameara@ug@fahe@amqraﬂ@t&r?rmy1pﬁ measgehelongxample, by
pr ot rude rdlna al_directi nfro of the

dge
Prat ] ot ottt & bfnt e mEsuEtih? Mehhe St G e s isitg BEEht as

edge 3a of thg eatit flatddd & theaditc BRe FEBSUFREE ¥ thB chRferiRaRSr AliurtRe case
measur enment neans 9. Thus, the tenperature of the carrier plate can

be accur at el yhomasior EE. wi -t hddternzéively, dissshivrednf Figm 06adi £6b), sk 6{ddom
t he upper and | owe ol i shin Iate | itude
s peak val SERHpEE R RS GaTH Smad Beelics ahav< BRpEPR: by e
measured w thpg gellsrﬁ@eﬁﬁwb@rfmﬁm oﬁSfiélﬁgegS A0t HB 3RiePh1dtd8 being
control neans 10. Altérnatively, the anplitude and the peak val ue may
be cal cukat egratsided autwatdcul atradial deactsorbéiony ther edgeded the upper and lower
temperature polishing plates. The temperature of the protruded outer edge 3a of the carrier
plate can be measured with the temperature measurement means 9. Thus, the
temperature of the carrier plate can be accurately measured without being
disturbed from radiant heat from the upper and lower polishing plates.
30 Further, the amplitude and its peak value may be calculated by processing
the temperatures measured with the temperature measurement means 9 by means
of the control means 10. Alternatively, the amplitude and the peak value may

be calculated using a calculation means being provided in the temperature



- 16 - measurenent neans 9. Moreover, the cal culation can be
perfornmed using another cal cul ati on neanse bei ng provided to intervene
bet ween the tenperature neasurenent neans 9 and the control means 10.

[ 0037] On the ot her hand, the carrier jch te rature js to
be 5 measur e REHEBErdRRANS 0 anM ‘ﬁ% % I%'ml%fca% Pﬁormed using
stainl ess st ggbmbStRbulalbn 11'15%?15 ef @Qﬁ:ﬁ:ﬁ t8|1ﬂ§3tr{féhe Eéﬂﬁkeﬂ $he l%mperature

conbi nation of a resin such as epo henol , or polyimde and

rei nforcing dasuresisahmasnsg® amistﬁeldoatrpl g@aoT0. f | ber, or aram d fi ber.
In order to ipnprove wear. and abrasion resistance, di.amond- | i ke car bagn
may be appl i é@)%d) t h&nsther aibsr dand, h@efm@ropﬁaﬂ RvehiFly lemperature 1s to be

10[ 0038] Her e g*éaE‘nﬁ%@%H% RO ‘}fggl ﬁﬁi'tte%}a'l “H)rte%ngfe?%%ﬁrﬁgﬁ srt]%el (SUS),

t enperat ure e carrier pI ate e ‘anount

removal , theoafieeagtnfofcetdptastiempat at alrcembinaltlbﬁ otfarrmlﬁrsuf.ﬂ ad €oXyl phenol,
each rotat| on cycle of the carrjer_plate 3 be calculated. Wth
respect to tRePabEMIdR apd r%lﬁ@)r@@&p@eat%wb quglé%ﬁcﬁb@r@tcarthoanf &7 PB aggmid

the 15 carriger. Pl@t & 43, 1d %B}OWFQI éﬁvﬁa@asﬁonereglgfaﬁbg rc{hﬁ%ﬁh&—hﬁe carbon

nmonot oni cal | y ‘I ncreases. Acc en I ncrease I'n

t enper at ur e afaytbecapplied it@ thepuafate Bfth& fofspobignnemdrivi.t h the increase in
t he anobunt of (ﬁé‘lll shi ng renoval, Mol i shing term nation point can
be accur &9 el YOS er mHeael, maamth@ién%t @f aggoc mlgsuhpﬁgeq&éwévt&mp@ratwwf

waf er can begaceiral %tl thhE Oltllleegmoﬁgftgéf p%h h19§cl%r"}{ ]? t Qratv%f%%gp$tethe

the tine p0|n ere hi ckness 0 er eq ua ness

of the carri efmpuratuee Bﬁﬂlebﬁnﬁk}tlﬂﬁtﬁBmﬁcbaaﬁ r@tatlbﬂﬁyﬂ@loﬁf&he/\&ﬂh@r faltaee 3 alag
of increase in the carrier plate tenperature per unit tinme fall

under a cert e gakcataged. t her eby assom ating the terrper ature of the

carrier plate wihghe he gverg bf Pwr{gm eyl eaafy %1({% e);c ¢ 3f the

Sgroty
case, the tenperature e carri S nmeasure

nmeasur ed 14 enpgirizt plgei S tHE @8mPéradite ldfdtha afabr@dt. plateus ,mbﬂftﬁoﬁi@ﬁlw efkreases.
amount of polishing rermval can be achi eved. Not e that instead of

t he mean val decerdingiy, when insrease i ﬁwttémperaéltrartté th¢ casighpladn 3ds ayociated
eyele o Ui Hkhebf o AE RO BB e
carrier platgoife¥akdedRblattl Adtctmaiedt Bad tﬁe}'lﬁnﬁﬁﬁl dwausaidge@mm bethe
used as an indication of the anount of polishing renoval.

EXAMPLES wafer can be accurately controlled.

20 On this occasion, for example, the time point where the thickness of the
wafer equals the thickness of the carrier plate may be determined as a time point
where the rate of increase in the carrier plate temperature per unit time falls
under a certain rate, thereby associating the temperature of the carrier plate with
the amount of polishing removal.

25 Also in this case, the temperature of the carrier plate is measured and the
measured temperature is used as an indication. Thus, the desired amount of
polishing removal can be achieved.

Note that instead of the mean value of the carrier plate temperature of each
rotation cycle of the carrier plate, for example, the maximum value of the

30 temperature of the carrier plate in each rotation cycle of the carrier plate may be

determined such that the maximum values can be used as an indication of the

amount of polishing removal.



[ 0039] < Exanple 1 > In order to confirmthe effect of the
present invention, evaluation tests werepperforned with respect to
the rel ationship between the phase in the tenperature 5 change of
carrier plates and the thickness and shape of wafers for varied

pol i shing ti ®EAMPLES Fjye |evels of polishing times were set to be
varied in th ge h mn and 32 mn. In the test,
p-type sili cmdﬂferg%%@?ﬂga%} di aneter of 300 mm and (100) 10crystal
orientation wereusaitras coiel thel edfdeeoPtiei Fh@Mt inventiol;®valuados adstd @ere
plate, a glass fiber reinforced plastic (GFRP) plate in which an
epoxy resin ReifprBedithricspest te Hicctehdipaship brdgeenihgarhase ibthrelempicrafure
gl ass fi bgr sed. . r h f r .
Tade to Do cehmh ot wrivnBlats, Al G PRIECARY, S Er MRSt e
An appar at us pbastiAgtiblee. structure shown in Fig. 6(a) was used,

ur et hane foam polishing cloth MH N15, manufactured by Nitta Haas |nc.
was used as pol i Shielgvela@s polisitinsibines wasect torsdircied ibyhayange beiaeesn 29
I nco. was used._as QI ishing slurry. The upper and | ower polishing

pl ates were P’d?&flgg inr11m0pposi te 20directions, and the carrier plate

was rotated in tine st di-typetdiREbrasatdé hivRera fiahictdt YB3 A€ and (100)
t her eby poli shi 2‘3 the surfaces of the wafers. A tenperature

sensor, [KEI- Hest RtitREtian erd ys4dRsENTEr SCORRIRNTh@N was used as a

e ey e S B e SR PP ST
the carrier phapBy 3sih M@vingl 40 NALAIOMIKneRObf $4M Eﬁx BRE cbaibifdl vanedigss
of polishing tinmes. Note that in Fig. 10, each phase at the polishing

term nation pibenwapnsadne vertical axis is shown with a relative val ue
with the phase in the case of.a polishing ti f 100, s peing O.
S0Fur cher " Frg.  BESiBRATHet BBt mBet T Bh of sl o degter pgthe
t hi cknesgs of cgfri@ai,pd’teg%mql@mpol i shing term nation point and the
rel ati onshi p between the phase and the site front |east squares range

(SFQR) of the vi dimapparafis hiaeingethi piractire shownon Kg. 6(a¢ wasf esed; urcth@ie
per i pheral peTT ARIGRRERGOTRPF NhEbIPON LY BE SR Fetalartes WA
SFQR i s specibiifiths YpalOUREH BYa1ep 310! Bebddchd WyaNidty 19as' Bich RGN ded as
sanpl es having a predet’erm ned size fromthe wafer and cal cul ati ng
t he sum of t pelighsgklurey. valhsesppef anddowexpatishirgnplates svapé rotated in opposite
20 directions, and the carrier plate was rotated in the same direction as the upper
polishing plate, thereby polishing the surfaces of the wafers.
A temperature sensor, FT-H30 manufactured by KEYENCE
CORPORATION was used as a temperature sensor at a wavelength of 8 um to 14
pm with a sampling period of 500 ms.
25 Fig. 10 shows results of the temperture phases of the carrier plates at the
termination of polishing for varied levels of polishing times. Note that in Fig.
10, each phase at the polishing termination point on the vertical axis is shown
with a relative value with the phase in the case of a polishing time of 100 s being
0.
30 Further, Fig. 11 shows the relationship between the phase and the thickness
of a wafer at the polishing termination point and the relationship between the

phase and the site front least squares range (SFQR) of the vicinity of the

peripheral portion of the wafer.



5 di splacenent fromthe reference planes of the obtained sanples

found by the | east square nethod. Noig-that in Fig. 11, SFQR on

the vertical axis and the phase at the polishing term nati on point on
ed, as_relatjv vaI ue

h .
the BgHiﬁin tngltgr i OBi° B i cafiichoy ik e St"?ﬂ? RS DRI Ot
bei ng 100 ang, bR LREANASR e t@M}gganaalfdr O'Thtﬁ"gF fl fs baﬂcalgr found by

initiation point being O, Tespectively. A lower ue i ndicates
favorable fl ab'ra_aaﬁg a[p(])ﬁMH];ﬁef &hmwguﬁan sdhples h@ving raq:recks&mined kiee from the

olishing tine ani e the_ | f ot h t th
Dol Shi g ¢ eMAETATRGH IAIE 18 GUI ok (1 ABSNALE oA GBE PSR @mbunts of
pol i shi ngsi n'd%s;q &?np?ﬂom thed rdtblenc® tpléH%E &f %@'&otﬁﬁ?&‘%ﬁ%% R%nd g #e

t hi ckness of approxi mates the thickness o e‘carrier
plate, the pésaspsuaid yethodt enperature change is lost, and the phase
is then inverted_due to the inversion of the aforenentloned hi g

t emperat ure port N%e that in Figyr {hePFQR; gn the wribr! f-’ﬁ&tangstb(ehéh%f’ﬁa%tethe

at the poli SEPQ éﬂr{]ﬁ%tk(ﬂrboq | O 4 %%Qﬁﬁt’aklu;ﬂg&%: %réﬁse&]%m&éﬁ% lues

so that the e ‘outer e I'S 1 nprove

Thi s shows t hath thlaesmm% th@pbhﬁllhgmﬁﬁﬁﬁititm%p@hﬂlﬂ& ffpolikidng ainié of 30.5
pl at e havi ng been neasured can be associated wth the anpunt  of

pol i shi nd0 r e Aeinga kR ane wipid ths phase efdernt Wat fiem Bisi prliskig piiation point

determned u at

pol i shi ng reﬁnv ﬁ}?&?%a%ﬁ§¥ %ﬁgwﬁa e@ﬁjﬁh H%ﬂggggg]redﬁ¥?&?ness
to be aCCUFaI[(ﬁM)O]COHWsCth% in[Fe@411], fncEmaﬁhﬁleZﬁolEaﬁigsnme&ea@efﬁp@ﬁidey
inasimlar mannter to Exanple 1 exce{)t that the polishing tines

wer e changedth%lq‘ﬁ’ﬁiﬂélgl @ﬁ/mesphﬁse"a?,che pelishjpg t%nmaw 5oinGnihjhat thy ghase
12 shows resu tenperat u [y caf.ri

after 30 poi Pt vbife RFTHERE WLRIOTPO I ER g P e Lo ien®RLES e
Fig. 12, 15 hetdaopldst uste hatwafie applokhateg therthiokatdsonr phe Ndarfér phee, the
vertlcal axis are expressed as relative values with the anplitude_ at

t he poli shi n@eltlélilﬁithé?tfltgmppfémﬁ chpRgs isaloplolang Hheghesenis then 3ovasicd due to

bei ng 100. 3 ows. t.he re tlonshlp
petvaen the pPveisior of e pREpafidiednlef MHRANE SEHEN: po
rel ationshi p bet wagRert g anphhidwithadBe tidiphat ar ﬂi@ﬁ@mﬁm@teﬂﬁ@ﬁt@h poiet

vicinity of the perlpheral portion of the wafer, at the polishing
term nati on ghanges, the SFQR is diminished, so that the flatness at the outer edge of the
20  wafer is improved.

This shows that the phase in the temperature change of the carrier plate
having been measured can be associated with the amount of polishing removal,
and the polishing termination point can be determined using the association,
which allows the amount of polishing removal for making the wafers have the

25 desired flatness to be accurately controlled.
[0041] < Example 2 >

Tests were performed in a similar mannter to Example 1 except that the
polishing times were changed to five levels of "30, 35, 40, 45, and 50 (min)".

Fig. 12 shows results of the temperature amplitude of the carrier plates after

30 polishing for varied levels of polishing times. Note that in Fig. 12, the
amplitudes at the polishing termination point on the vertical axis are expressed as

relative values with the amplitude at the polishing termination point after a

polishing time of 30 min being 100.



5Note that in Fig. 13, SFQR on the vertical axis and the anplitude at
the polishing termnation point on the hit#+zontal axis are expressed
as relative values with the SFQR at the polishi ng term nation poi nt

after a polishin n bei n 100 ththea t.ude .a

the pol i shing | ofnithee 5k ﬁg T igpnshs W‘Ie‘f"ie%}e 8?0%1 tg
| ower SFQR i %bﬁ%?soﬂq'agki/afférataﬂt?sﬁe il&&t@&ﬂ;ﬁﬂpb‘%eﬁﬁ&%tﬁéq aﬁilﬂrtuéez1and the
increase in the polishing tine is acconpani éd by the reduction of the
anpl i tude at afdremputiérsldi SRR of theratingty qfdhaperipitera poetaors of thatwater, mhthe
t hi ckness of fers approxi rrates the thickness of the carrier plate,

t he peri odi Cp\é\ﬁslg\ag{eg WOR e hange is | ost. Further, Fig. 13
shows thag as tNRcamd:liideea 3t§1:(8Rﬂ3| A S D6lcsf Qilg%uqnela%amtme LS the

reduced, the SFQRis dimnish at the flatness at the outer
edge of the paligtisg tesmimgionvednt on the'ﬁmmosﬂabmshfmdzxgrensechaptelmtucbevedmes

the tenperatur f the carrier ate havi ng heen_ neas d can )

associ ated witith 9 étFélﬁ% amhedﬂphﬁﬁpgéﬂmaaﬁlwwm aft%ﬁ?dptﬁrf@ g ﬁ}?ﬁa min
term nation t r i

all ows the a[r?‘glitl} tlﬁﬁ%ﬁﬁlﬁﬁﬁgﬁﬂgﬁgﬁﬁf ?ﬁrﬁd}fi& % Fﬂ%f’eﬂa&g Om tféti'%%@go
desired fl at neaapsctivelyne Hlogefoat, el lpwes BFQHR indcbate{smﬁgﬂkﬁﬂstnEssarrpl e 3>

In order to confirmthat the effect of the present_ invention is

posi tivelfrr &&i42dt i vésshowrdn Fag-drd, é‘FCf%%SCe\n@%Frl?q BRing e Is ecempanisidy
performed us'tﬂbgretd]%&?n %%ttﬂ ﬂftucfeaétr {h}%r%ﬁkﬁhﬁterm Gtigh dﬁ)ﬁxgtf eFI‘ﬁ&t means
etween the polis

materials for evalua eI ation hing t

and the anpl thasde tlaf thﬁ&k@emﬂweﬂerqodmexlmmahawblmess ofth'EhmmaT}ﬂaEE the
pl at es nade of _three tE/ pes of materials were a GFRP carrier plate, a
GFRP carri er ppliodigity ghtesepasntire ehaagpiulost- ke carbon, and a SUS carri er

| at ted t
o at " Coat 501 g a4 oo, TR RL 3 Y RO
carrier pbat @oinf4dreliuted, AdSFOR ipdimatising, s it tlﬂaoﬂ:ithéss dt e diter edge of

initial thickness of the GFRP carrier plate coated with dianond-Iike
carbon: 746 theWalgrdistm@rger shing tine: 32 min; and (3) the initial

thickness of t heT%HSShOWS that the amplitude of the temperature of the carrier plate having

T

been measured can be associated with the amount of polishing removal, and the
polishing termination point can be determined using the association, which
20 allows the amount of polishing removal for making the wafers to have desired
flatness to be accurately controlled.
[0043] < Example 3 >
In order to confirm that the effect of the present invention is positive
irrespective of the material of a carrier plate, tests were performed using three
25  types of carrier plates made of different materials for evaluating the relationship
between the polishing time and the amplitude of the carrier plate temperature.
The carrier plates made of three types of materials were a GFRP carrier
plate, a GFRP carrier plate coated with diamond-like carbon, and a SUS carrier
plate coated with diamond-like carbon.
30 The tests were performed under the following conditions: (1) the initial
thickness of the GFRP carrier plate: 745 pm and the polishing time: 30 min; (2)
the initial thickness of the GFRP carrier plate coated with diamond-like carbon:

746 pm and the polishing time: 32 min; and (3) the initial thickness of the SUS



- 20 - carrier plate coated with dianond-1like carbon: 754 jimand the
polishing tinme: 34 mn. The other condit2bns are the same as those in
Exanple 2. Fig. 14 shows eval uation results. 5[0044] Fig. 14 shows

that the arrplltudelsd i shi.n ceeds, irre ctive
the nmat er al “BFie AMESPHTG P pgendbetAeD: T5P GR aRp e o Rag B jiite: 34
| i near rel atiygpshi p between them Accordingly, it was found
that when the tenperature of a carrier plate made of any given
material is neasﬁ“he@th&rhen@mgmredhepmhbshthwge teFwaapledt. a waf er
10can be accurat troII d _based on the measured tenperature.

[ 0045] < Exanpl e gﬁg 14sh Sheyre eﬁ%@%@i?ﬁ%e exanple, a carrier plate 3
in which 2 rejeayl ONEppen Bthvés it H{eoylhgﬁfﬁdeqy%&reﬁéeg élﬂﬁéhs?nrfgaﬁxro'c@éds
plate 3 as shown'in Fig. 15 was used and the tenperature of

carrier plat m@pdctwmgf plod irskviried) ofiethe rcaa‘wrlﬁdtes Anﬂdhermsamﬁmunmmat@ld
to eval uate ilhe pe I odi Ci ﬁ?y of t{;e tenperature anplitude of the

carrier plat&n8df t1i°f1§hlE 8?’(6"@“5 €H the polishing tine. The
carrier plate usg%&mn% %wag% ﬁl ﬁwﬁeﬁﬁl&tem%ﬁ?ueenotfa c%ﬁlérryxaﬂe%hade
t hi ckness of 745 1 sm aﬁ epo Ing time was set 30 (m'n).

ot her condi t bbasy a&ient imatesmtnas acatihned ehi mnExmtrptf@oHsmﬁQ Femovdleofi 5 vsafer

graph show ng the rel at onshi tween the polishing tinme and the
peak val 4@ oFaliE%a%Fﬁ*ﬁ‘FtF uﬂ’@troﬁ Sﬁésqd é‘Fé‘E‘iﬁ‘ﬁ%’fc H%EFI @aB¥et he carrier

pl ate. Fig. ? a Q@ﬁ%ﬁ@ﬁ‘@ ng the periodicity of the tenperature
of the carri pl ate.

For a comparative example, a carrier plate 3 in which a retention opening 2
is provided concentric with a carrier plate 3 as shown in Fig. 15 was used and the
temperature of the carrier plate 3 during polishing was measured. A test was

15 performed to evaluate the periodicity of the temperature amplitude of the carrier
plate 3 and its change over the polishing time.

The carrier plate used was a carrier plate made of GFRP with an initial
thickness of 745 um, and the polishing time was set to 30 (min). The other
conditions are the same as those in Example 2.

20 Fig. 16 is a graph showing the relationship between the polishing time and
the peak value of the amplitude in the temperature change of the carrier plate.

Fig. 17 is a graph showing the periodicity of the temperature of the carrier
plate.

[0046] As shown in Figs. 16 and 17, when the retention opening is not
25  eccentric to the center of the carrier plate, the peak value of the temperature
amplitude does not change over the polishing time, which leads to no periodicity
in the temperature. Meanwhile, when the retention opening is eccentric to the
center of the carrier plate, periodicity is found in the temperature change and the
amplitude is almost linearly decreased over the polishing time.
30
REFERENCE SIGNS LIST
[0047]
1:  Workpiece (wafer)



[ 0046] As shown in Figs. 16 and 17, when the retention opening is not
25 eccentric to the center of the carriezy plate, the peak val ue of
the tenperature anplitude does not change over the polishing tine,
which [ eads to n eriodicity in the tenperature. Meanwhile, when the
retention opéni ng{ef@t@éé’é?ﬁ{lmﬁc to the center of the carrier plate,
periodicity iss f?é?fiielj afehe tenperature change and the anplitude is
al nost linearly decredsed over the polishing tinme. 30 REFERENCE S| GNS
LI ST [0047] #: Wikpicepelifhingetate - 21 - 2: Retention opening 3:
Carrier plate 4: Lower polishing plate 5: Upper polishing plate
56: Pol i shi ng pad¥/pper polhingplalfoar 8: Internal gear 9: Tenperature
nmeasur enept %?an?olishingwds Amount of polishing renoval control neans
10 G Gap

7:  Sun gear

8: Internal gear
9:  Temperature measurement means

10:  Amount of polishing removal control means

10 G: Gap



- 22 - CLAAMS 1. A nethod for polishing a workpiece, in which a
front surface and a back surface of the.awrkpiece is sinmultaneously
pol i shed by holding a workpiece in a 5 carrier plate having one or
nore retention openi ngs each for retauﬂLgﬁﬂg wor kpi ece, at |east one
of the retention openings being eccentyrt y di sposed, and by
rotating at |least the carrier plate between an upper polishing plate
and a | ower polishing plate on each of which a polishing pad is

past ed, w thlpol iAshictighdsfarrpofishimigng weulpgikteedn viiehar om surfaeomped st back
of the carrier plate is nmeasured, and anount of polishing renpval of

t he wor kpi ec&Wfacecfntie gyerknieps sedimutapsrisherelishef &yhoddiggdgworkpiece in a

tenperatuge Qgrrfepfa%lgl?e[ yagngﬂ%ﬂ%eor moré: re %fﬁgo'ﬁgtﬁggﬁngg rea%g: Foth!

wor kpi ece, accordi wher ei n unt ~of |Sh|hﬂ8inﬂlg a

removal of tkerksieddiadeast Dneostt thel deaitibaspdnings debipagenaicallfpligesed,
calculated fromthe change in the tenperature of the carrier plate.
3. The net hodn{ & pEtingrit dgash thio earpice late helwseaianguanst eplisting plate and a
wherei n the . nol4i.shi e f . i .S . e
bt por oa AT Ut Bl g e onl oA ERREI S i polisice

in the tenpeshitiriging sigptiecgarrier plate. 4. The nmethod for polishing
a wor kpi ece, according to daim1l, wherein the 20 anount of polishing
renoval &9 the wifleptiece ¢mpaire ¢if| e tagedplite BdicaguicHafge apount of

phase and a %Eﬁ{tﬁgg Orfem%r\rfgi iotpf:J Eai}eee .(fn%lr : 1%%@9 rrc%{nﬁr?él% heba(fs@ﬁ1 nG¢ éh@a&% 8n the

tenperature carrier of polishin

wor kpi ece, aefsaetedgerhperafiyc 6Nthearidraflae. 1 to 4, wherein the
polishing is performed with an outer edge of the carrier plate 25

bei ng protruded diteviegthiod dompelidhing adverépicrornrcbpuhng ke (dtiges, wherehethe
upper and | ONREaRPLE SHIIh IR SR oPIL IR 12D tadth B 8 LhHRbe

outer edge of the an optica

tenper at ys e pPRABUWEIIRAIE] WA he chBngdih tADRahRdrktird 6f theQair$dtiplgebot h
surfaces of a workpiece, including: a rotatable carrier plate in

whi ch one or 3nor dheanethed dor pplishing e veubpictoraccerdangminglaigpl awherein the
kpi to b | .is f d t | t f ti

opent nae. ber A oMt e o iVAR S uR work ke POl oplshheret 7 iBhee of

and an upper ap@libeddl daltubdtad GroRRile@Matbd i thB erhSiBturdef ihetafterplate

for carrying the carrier plate, conprising: a neans for nmeasuring a
tenperature &f tAdeonethp@foppalishingadvorkpigge,-according to Claim 1, wherein the

20 amount of polishing removal of the workpiece is controlled based on both a
change of phase and a change of amplitude calculated from the change in the
temperature of the carrier plate.

5.  The method for polishing a workpiece, according to any one of Claims 1 to
4, wherein the polishing is performed with an outer edge of the carrier plate

25  being protruded outward in a radial direction from the edges of the upper and
lower polishing plates, and a temperature of the protruded outer edge of the
carrier plate is measured with an optical temperature measurement means.

6.  An apparatus for polishing both surfaces of a workpiece, including: a
rotatable carrier plate in which one or more retention openings each for retaining

30 a workpiece to be polished is formed, at least one of the retention openings being
eccentrically disposed; and a lower polishing plate and an upper polishing plate
paired with the lower polishing plate for carrying the carrier plate, comprising:

a means for measuring a temperature of the carrier plate; and



a control nmeans for controlling anmount of polishing renoval of the
waf er in accordance with the neasured tepperature. 7.The apparatus
for polishing a workpiece, according to Caim®6, wherein the

t emperature nmeasurenent neans i s an_optical measurement

nmea
a control means for controlling amount of polishing removal of the wafer in
accordance with the measured temperature.
7. The apparatus for polishing a workpiece, according to Claim 6, wherein the

temperature measurement means is an optical measurement means.



