DESCRI PTI ON POLI SHI NG HEAD, POLI SHI NG DEVI CE, AND WORKPI ECE POLI SHI NG
METHOD TECHNI CAL FI ELD [ 0001] The present invention relates to a
pol i shing head, a polishing apparatus including the polishing head, and a
met hod for polishing a workpiece, particularly to a polishing head, a
pol i shing apparatus, and a nethod for polishing a workpiece that are

preferable for obtaining a highly zkﬁéﬁﬁﬁb pi ece in polishing of a
wor kpi ece on the basis of a waxl ystem BACKGROUND ART [0002]

In recent years, higher integration of sem conductor devices place denmand
for higher fl atneOEISHING HEAD\OIIGHING PEYIOESANDWORKPIGEOH ces. The

hi gher flatness up to near theP@ﬂﬂ@ﬂﬂ#ﬁWﬁ?ﬂﬁéEis al so needed to raise the
e

yi el d of sem conductor chi ps. shape of finished sem conductor
waf ers depends on a final mrror polishing process. For a 300-nnmdi anet er
silicon wafer, in particular, primary polishing by doubl e-side polishing is

perfornegm%ﬂﬁﬂiﬁﬁiéﬁkggt specifications of the flatness, and then secondary
pol i shin | i shing by single-side polishing is perforned to
renove scr@iclies on the surface or to inprove surface roughness. [0003]
The present invention relates to a polishing heéd, a

polishing apparatus including the polishing head, and a method

for polishing a workpiece, particularly to a polishing head, a

polishing apparatus, and a method for polishing a workpiece that

are preferable for obtaining a highly flat workpiece in polishing

of a workpiece on the basis of a waxless mount system.

BACKGROUND ART
[0002]

In recent years, higher integration of semiconductor
devices place demand for higher flatness of semiconductor wafers
used in such devices. The higher flatness up to near the edge
of wafers is also needed to raise the yield of semiconductor chips.

The shape of finished semiconductor wafers depends on a
final mirror polishing process. For a 300-mm-diameter silicon
wafer,jjlparticular,primarypmlishingkn/double—sidépolishing
is performed to meet strict specifications of the flatness, and
then secondary polishing and finish polishing by single-side
polishing is performed to remove scratches on the surface or to
improve surface roughness.

[0003]

The secondary and finish polishing by single-side polishing
is needed to maintain or improve flatness obtained by the primary
polishing by double~side polishing and to finish the front surface
of a wafer into a perfect mirror-surface with no defects, such

as scratches.



The secondary and finish polishing by single-side polishing is needed to
mai ntain or inprove flatness obtained by the primary polishingbydoubl e-side
polishing and to finish the front surface of a wafer into a perfect
mrror-surface with no defects, such as scratches. As shown in
FIG 10, a common singl e-side polishing apparatus includes a turn table 103

on which a polishin ad 102 is_ attached, a polishing-agent-supply

mechani sm 104, &% ﬁ@%iwg‘hilﬂg%%adl@ma, @Wo&éﬁﬁgé?_%‘gﬂ Ig&gloﬁlgfﬁpng

appar at us;ddd-eldsna1 Wes kpi egedw ddithepal s hinngheadcilkh isigpphd 692

apol i shi ng %ent 105 fromthe polishi ng-agent -supply nechanism 104 onto the

pol i shi ngipadtagheds gt B Eshbidr e trFHRPLABIRC RS sEnt0 1 hé RpRMi¥HINg head
101, and ' S i ece Yy 5 b b N f r fad he

wor kpp ecer i o S dPaq RaiL et C SR 2Bt DO M Pl a3 1 90 ol

Exanpl es wérlepieetehibuioh thel whnighd ngdrdasl 6%, wiaphlaepelpahishg ngexgenitnel ude

attachin e.workpiece.to, a flat rkpiece-halding b d h an
adhesi veg]s@%k?re%n %&? pg%&lsﬁé?%@a%e%%si%?ﬁﬁ/gmﬁgganigﬁl g@i aO%(%g%s type,
shown i n G sHihg that 100l dsotawes kptecehd wiutrh aalbbe kpd 2cardalrdi ng board
112 through a comrerci a avai | abl e te_rrgl at e ass,ean%] 13 havin

I g

|
t enpl at e RABLITHY hﬁ?@vé9¥i P4 OGRS 688 YOO &Uih ¥ prin g‘ to an

~elastic fElidl3aGrld 8¢ anbagkingiddd MndP@A3hing cont&Xanples tofe t he
pol i shing head of a waxless type also include a polishing head 131, shown

in FIG Ipolitsind meldudé€g-a backing film 113a attached on a

wor kpi ece[@@dg]i ng board 112, instead of the comercially avail able

tenpl ate, "and an annul ar guide ring 113b, for preventing a workpiece from

com ng of f, pr cRsieaigd car ofindndtieodsofi@oddihgeewotfkp hecawikbizcerpel hellidiong

board. [0006] . f ort.unat el he poal. shi heads 121 an of a

wax| ess t}fﬁ)%% 1515151%\/# '%%%%hi¥o ri(é) lf%e E)%Fig s wé)ri rkpr 21%(21%]%}]% a

wor kpi ecebbard rGrbayRrarf bahsesse hirtaysevdx)easafisingckiprd ifsihk my el

defornms, at_its outer peripheral porfion to_|lower tq%lt%%lishin anpunt at
a

|
the portidnt 2@ VRELGRT %espggf‘hﬁeﬁgp&ﬂi’sﬁ}éﬁti AcBREERE Shape due
to rise aj Jhen Wt@rkpRectPhglaingobdd (13€@hrough a commercially

available template assembly 113 having a template 113b, for -
preventing the workpiece from coming off, bonded to an elastic
film 113a called a backing film.
[0005]

Examples of the polishing head of a waxless type also include
a polishing head 131, shown in FIG. 12, that includes a backing
film 113a attached on a workpiece-holding board 112, instead of
the commercially available template, and an annular guide ring
113b, for preventing a w'orkpiece from coming off, provided around
the side surface of the workpiece-holding board.
[0006]

Unfortunately, the polishing heads 121 and 131 of a waxless
type, as shown in FIGS. 11 and 12, polishes a workpiece into a
workpiece having lower flatness, because the soft backing film
113a deforms at its outer peripheral portion to lower the polishing
amount at the portion, and the workpiece is thereby polished into

a concave shape due to rise at the outer peripheral portion (See



Pat ent Docunent 1). In regard to this program for exanple, Patent Docunent
1 suggests a nethod for suppressing the rise at the outer peripheral
portion of a workpiece by inserting a spacer ring into the outer peripheral
portion on the back surface of the workpiece to rise pressure at the
portion of the workpiece. ClITATION LI ST PATENT LI TERATURE [ 0007]

Pat ent Document 1: Ja anese exam n d P ent |cat n Publ i cati on
No. 2007- ZAP Docuimeh ?i Eﬁﬁ&ﬁ %%b%r@sp rngéaﬁgight

Appl i cat 'Lﬁﬁté?ttbbo%@hbﬁﬂ muldlgbszé%aﬁetway %;&%@\mwhgm GAL
PROBLEM [ 0008] The rise at the outer peri g)her al portion occurs only

in the edsostagesriniwealinetiinn of & H@rbﬁé%% YfPP*T’ﬁIltljs"éJ AgRPSEg at the
outer peripliergl Ryl Fgeeg%&l%%%@lw&d Bt Bakkshadwaf gf s the

backi ng fi is used for alonger tine. There is accordingly a need for
exchangi rgpt el espacer risagpfesswre dfavileg perdiibhepénthe WEKmESss.n
accordance with the lifetine or detaching the spacer ring itself. This

| owers operability. Also, the adjustnment of the thickness of the spacer
ring is sormhtfoxcusTt hat stabl e nmachi ni ng precision cannot be kept. [0009]

PATENT LITERATURE
[0007]

Patent Document 1: Japanese Unexamined Patent Application
Publication No.2007-274012

Patent Document 2: Japanese Unexamined Patent Application

Publication No.H11-216661

SUMMARY OF INVENTION
TECHNICAIL PROBLEM
[0008]

The rise at the outer peripheral portion occurs only in the
early stage of the lifetime of the backing film 113a, and sag at
the outer peripheral portion more often occurs in the polished
wafer as the backing film is used for a longer time. There is
accordingly a need for exchanging the spacer ring for one having
adifferent thickness in accordance with the lifetime or detaching
the spacer ring itself. This lowers operability. Also, the
adjustment of the thickness of the spacer ring is so difficult
that stable machining precision cannot be kept.

[0009]

The polishing head of a waxless type reduces influence of
unevenness of the back surface of the workpiece by a soft backing
film 113a and keeps uniform polishing pressure against the front
surface of the workpiece for uniform polishing. This type of the
polishing head therefore cannot improve the flatness of a

workpiece having a convex shape or a concave shape by polishing.



The polishing head of a waxless type reduces influence of unevenness of the
back surface of the workpiece by a soft backing film 113a and keeps uni form
pol i shing pressure against the front surface of the workpiece for uniform
polishing. This type of the polishing head therefore cannot inprove the

fl atness of a workpiece having a convex shape or a concave shape by

pol i shi ng éb 010] In regard to these problens, for exanple, Patent
Docurent 20 ggests a nmethod for polishing a workpi ece having a convex

shape into a flat regskpieCenbYe i gislldmdy 8o8pachiplid)t DaBefBMddimeper ti on of
a wor kpi ece- hol di ng board before attaching a backing filmto forma
wor kpi eces RBPgESigS SmTtAs! 97t Bohl gloHeR WP 86 haatn %2 FORVERiITGPEnount  at

the centrale POril-@nyOf kb NPy kRisee€ 1hBY 68888 r i@ kentral pokti®nmet hod,
however, needs to exchange the spacer inserted between the

wor kpi ecexfhal donip beee-chaled nghkobad Kiafp e Bithahied or Haskéndi fhin ke shape
of the workpi ece esulti.ng i.n r rapility 0 J ust t of the
thicknesgﬂﬁ Phgbgkg%%?eHggggfgfgﬁfgﬁﬁg ?ﬁ%% %fﬁ?qgg%k8%§§%q%%#%§gp%e

pol i shed gattiGhankyl atowat kpt eclee staatinal pPBRt2bn of the IwonMpewcef t he
above-descri bed problem it is an object of the present invention to
provi de aPdiGeki°ng head of a waxl ess type, a polishing apparatus, and a
met hod fo?xnghishing a workpi ece that prevent rise of an outer peripheral
portion of the workpiece, which is expected in the early stage of the
lifetinme of a B&dRimERed nowadEE haceendls exahargk phecPacs b tieshed i nto

a oy dddle oMKl G62kpt S8R At oo HOEKA! ERE SHAPEPE QNP 1RO! T Shi ng.
accordance with the shape of the workpiece, resulting in poor
operability. Also the adjustment of the thickness of the spacer
is so difficult that the workpiece cannot be polished into a flat
workpiece stably.

[0012]

In view of the above-described problem, it is an object of -
the present invention to provide a polishing head of a waxless
type, apolishing apparatus, and amethod for polishing a workpiece
that prevent rise of an outer peripheral portion of the workpiece,
which is expected in the early stage of the lifetime of a backing

film, and that enable a workpiece to be polished into a highly

flatworkpiece,regardlessofeaworkpieceshapebeforepolishing.

SOLUTION TO PROBLEM
[0013]

To achieve the object, the present invention provides a
polishing head configured to hold a workpiece at the time of
polishing the workpiece by bringing a front surface of the
workpiece into sliding contact with a polishing pad attached on
a turn table, the polishing head comprising: a workpiece-holding
board configured to hold a back surface of the workpiece, the

workpiece-holding board being flexible and being composed of



[ 0013] To achi eve the object, the present invention provides a
pol i shing head configured to hold a workpiece at the tine of polishing the
wor kpi ece by bringing a front surface of the workpiece into sliding contact
with a polishing pad attached on a turntable, the polishing head
conprising: a workpiece-hol ding board configured to hold a back surface of
t he workpi ece,, the workpi ece- hol dj board being_fl exi bl.e and bei ng
conposed ?ﬁraqﬁﬁsén?c§?a§e§e%?%ﬁﬁ e@ePPn@dSBﬁf%p%Lﬁ zﬁi? of the

wor kpi ecezdval i@ -Beantng ot 0PRes! bBpsste: efi da skl acer e Bhiwtidnhe

wor kpi ece is held; and a pressure-controlling nmeans_configured to control a
pressur e e e kpdgredisphetds tand polrsHisNgeheant bet hp e d1Se of adj usti ng

a shape ch]oﬁﬂ Jﬂe%@!:gﬁ]wfQip%%-sn%cﬂm@q@g@wea@baca,%@wlisﬁﬁpl or a

concave shape by contr Ing the pressure in the sealed space by the
pr essur e-foeatt helinongapebhs. of 00d#jsting a sBaph afpohé¢ shiqwitHead, configured

Lo nold ayierkplece hg.be Bolizhed by LLerLbl & oer am escogan adiust. he

s
shape of boar di ito’ & comrex Shapé or a concave shape
i n accor dancemiridl 1ihg shapgredsite wordei eealed ssage wf thdacking film
and thereby suppress rise of the outer peripheral portion of the workpiece
in the ediSSULEGEBFLPhEITY BRI ME of a backing film enabling the

wor kpi ecejg@ e polished into a highly flat workpi ece, regardl ess of a

wor kpi ece shape before polishing. [0015] The wor kpi ece- hol di ng board
is preferably fdush Bl EOEbslgm hapdex configRaed &£ A1ol6! of vahkpire® ™ anet er

of the i | ¢li.n t ngﬁg vapLati o f j ment
into thgq%% éggggﬁgbg&o?lgﬁgﬁg%ﬁgg%% shape zt%ghﬁ%§iﬁ%§1%%£$3?ﬁ%# %he out er
di anet er )woskpl @28%00d3ngob Qa2 2xi®> 3. convex siSywh cr pobpshavg e can

nore surely suppress the rise of th uter peripheral_portj inthe early
st age of %%8%5?@???}%%?%%6 %131%]?(? ﬁ)g @? %oﬁn%lepcg Pghusﬁ%ee (\g/\%(rglkmb?(g%:lenhﬁ nto a
hi ghly flatlnorkp eserelsegantress oisa abrkpi ecess hapd phefral epqadishi ng.
[ 0016] Moreover, the jnner dianmeter of the seal ed space is,

pr ef er abl 9F Itﬁreg%‘?rm]a‘?\?? H& Bﬁ?e‘?a]ﬂ]iyaﬁﬁfigf Wﬁefﬁ?%ﬂ%é’gpa%acmﬁ%mh a
pol i shi ngrhead Gab1ReLY Re ter MOIddY @eebkNbO]l BsWE KRitec e Mgﬁaeﬂxaﬂ e
surface is highly flat, particularly suppressing the rise of the outer

peripheraWoﬁkRRQQﬂ1 geoprdless of a workpiece shape before polishing.
[0015] »

The workpiece-holding board is preferably flexible to such
an extent that a ratio of an outer diameter of the
wofkpiece—holding'board.to a maximum variation of the adjustment
into the convex shape or the concave shape (the maximum
variation/the outer diameter) is 0.028x107° to 0.222x107°.

Such a polishing head can more surely suppress the rise of
the outer peripheral portion in the early stage of the lifetime
of the backing film and polish the workpiece into a highly flat
workpiece, regardless of a workpiece shape before polishing.
[0016]

Moreover, the inner diameter of the sealed space is
preferably larger than the outer diameter of the workpiece.

Such a polishing head can polish the workpiece into a
workpiece whose entire surface is highly flat, particularly

suppressing the rise of the outer peripheral portion of the



wor kpi ece nore surely. [0017] Mor eover, the pressure-controlling
nmeans i s preferably capable of controlling one or both of pressurization
and depressurization of the seal ed space. Such a polishing head with
the pressure-controlling means capabl e of pressurization of the seal ed
space can adjust a pre-fornmed concave shape of the workpiece-hol di ng board
into a convex shape by pressurization of the seal ed space, thus enabling
the shape"VF<RIRESNWBIOkRi EEEShYI di ng board to be adjusted into either a
concave shgpgrpr a convex shape when the workpiece is polished. The

pol i shi ng head wi th the pressure-controlling neans capabl e of

depressuri zat i dfPrsOViEe §éa|@ﬁe%@a@éﬂéaﬁnadﬁa@9 Bnepre- Fyreef eomlex shape

of the workpiggce- 'c%h@gf)?@mg&% G HELC B 30808, DY, dERS egpuri zat i on of

t he seal ed space. The polis the pressure-cont i ng means
capabl e oflefyctdswofiZatessupizahe osealmtl dgygaoessuri zati on can optional ly

adjust a pre-fq d flat. shape, of .th kpi ece-hol di ng_board intq either a
concave shape 6%“3 goh 8659‘H§ﬁ¥§é§UQ¥3%EQHﬁ799P%6P§§§ﬁgf%%?an of
the seal eghissice off @sReslirYehyioh A 8he sealedMepee¥etan tdtBjust a

wor kpi ece- hol di ng board is preferablﬁ conposed of al um na ceram cs or
si licon cRFdigRImest grneave shape ofdheavabFRIF AN RINEOBEArtRtWA ch has

e o 5T SPAPRS R cAgLL) uenlprage, submssgelbsrm daterml o of
into a highe ghepaofvidrapeekel eqodrdjding boardue bradymisé edting o gt
entOn EAYLIES 2y 0L LoD BRoet abusn L e il oot [ e o
tabl e; a odighiisg-iagehtadupplly thec panssnreondntgurldd igomsappl gagalpla i shi ng
cgent, ont9g e, Roll 20ing, B, 309, 2.BPLASHDR bt s LOM1EC, audpld the

convex shape of the workpiece-holding board into a concave shape

by depressurization of the sealed space. The polishing head with

the pressure-controlling means capable of both of pressurization

and depressurization can optionally adjust a pre—-formed flat

shape of the workpiece-holding board into either a concave shape

or a convex shape by depressurization or pressurization of the

sealed space, respectively.

[0018]

Moreover, the workpiece-holding board is preferably
composed of alumina ceramics or silicon carbide ceramics.

Such a workpiece-holding board, which has a small thermal
expansion coefficient, can suppress thermal deformation of the
workpiece-holding board during polishing, thereby enabling
polishing into a highly flat workpiece.

[0019]

Furthermore, the present invention provides a polishing
apparatus for polishing a front surface of a workpiece, the
polishing apparatus comprising: a polishing pad attached on a turn

table; a polishing-agent-supply mechanism configured to supply

a polishing agent onto the polishing pad; and a polishing head



Such a polishing apparatus can adjust the shape of the workpiece-hol ding
board into a convex shape or a concave shape in accordance with the shape
of the workpiece or usage of a backing film and thereby suppress both rise
of the outer peripheral portion of the workpiece in the early stage of the
lifetime of a backing filmand sag of the outer peripheral portion of the
workpiece in the latter stage of the lifetinme, .enapli t he workpiece to be
pol i shed ??ﬁ§f9¥4ﬁdbﬁpyh9iﬁtggﬁrmﬁﬁ%ﬁﬁﬁceiéﬁgpagégg P Eﬁ%wﬁﬁﬁﬁ%ﬁfe shape

bef ore poligdHinign.[ 0020] Furthernore, the present invention provides
a method for polishing a workpiece by bringing a front surface of the

wor kpi ece i nt o Sldhdiengodbabhary PRI YolGadhieflg Ushdtae t BRFRY Un &St urn
table, t : _ R[]k | di r kipi it i S head
accordi ng& ?fﬁ%p?%ggﬁ? a[i ﬁ%aeﬂ({il?lo%&%d}:ggﬁggg&géﬁggg ao? Oft%ﬁg% |S§"%ﬂ§?e

wor kpi eceimakdbndahoamd thytheoahape bifniche Werkp esstire Usadehef ededdtingpace of

t he poli shj head; .and, t hen pol i shi t he workpi ece. ..Sych-.a net hod
can adj usflfri?(e asr}§g ge&ebyhaug\gfﬁﬁ gocorelgh(ﬁl(ﬁené)fbggredo}l%?% %erclé%/éer%ls hape or

a concavepsheisn iof aseowdapseeaé tih tthe shape sfadhefwahkplecetfie usage of a
backing film and thereby suppress both rise of

he outer peripheral
portion ot R3S KgilEcenfnseBeCbarty Wtsde PEFP 8rP'f@??%§NbF%2t@§cking

filmand $agofedda rouher 1REEEPNSE Ao RO tHRN 19fF kiR WOEKRb BGRy idhd he |atter
bling the morkglece to be polished into a highly

stage of the lifetime, enal . ' !
flat wor kpbetelegegardl pebighed indplphéebly fdpd Werlrieqsol FeurF@less

ADVANTAGﬁgp%aﬁﬁg&gﬁ%cgfﬁgggghgéggkig?;ﬂﬂsd%ﬁ% pol i shing head of the present

invention 1nclu | e wor ece- di ng board conposed of
ceram cs, [@20} seal ed space defined on a surface of the workpiece-hol ding
board on an oppgsite side of. a surface.on which the workpiece, i el d,

t her eby enabl | ]ﬁ%berg}?gﬁé g}?et%esﬁrb VNG R PP e REE RS G WS%B%ar%c]mi o be
adj ust ed pal sk PR Kphape Bf baisoncqwer sdrapeut gl wentookpddcd he
pressure I n the seal ed space., The polishing head can therefore s ress

rise of th%t%ﬁtléiﬂiﬁﬁﬁo&ﬁgpawi&mipsﬁisbim AR Ky By 2] Tt 1 he
shape of m@m\é@htsa!c%%@mfighhgg h@@ri@h?im{@wéb LONC RY €h ShPEL M riigegar |y

stage of the lifetine of a backin il m andpolisht hewor kpi ece into ahighly
flat workpfeeedBy dispdded Paapast nepnY R blave agbidvé InfedafdfRR LChfthsage of

t he backi | ' : & : f i.feti [ film
The polisﬁ?%%i%g% ogﬁéggggnﬁ%§§}§%§%%gﬁwgiE§¥g€%ﬁ%%?§'gk%ﬁgﬁﬁeﬁgFégg
wor kpi ecethy s lest ispgcehef shiapedfi stiaonwbekgi ezrd Hdldmgoboghang ritlee t he
convex shape, or the concave shape in accordance with the shape of the
wor kpi ece” BeFtE Pol i shi ng. BRI EF DESCRI PTI ON OF DRAW NGS [ 0022]

Such a method can adjust the shape of the workpiece-holding

board into a convex shape or a concave shape in accordance with
the shape of the workpiece or usage of a backing f£ilm, and thereby
suppress both rise of the outer peripheral portion of the workpiece
in the early stage of the lifetime of a backing film and sag of
the outer peripheral portion of the workpiece in the latter stage
of the lifetime, enabling the workpiece to be polished into a
highly flat workpiece, regardless of a workpiece shape before

polishing.

ADVANTAGEOUS EFFECTS OF INVENTION
[0021]

The polishing head of the present invention includes a



FIG 1 is a schematic view show ng an exanple of a polishing head and a
pol i shing apparatus of the present invention; FIG 2 is a schematic
vi ew showi ng an exanple of a polishing head of the present invention

i ncludi ng a seal ed space defined by bonding a tubular nenber to a

wor kpi ece- hol di ng board,; FIG 3 shows an exanple of a polishing head
of the present .invention including a workpi ece-hol di ng board havj ng one
body defi#ﬁ?ﬁ}9%$eW@ﬁFBFeE%Fb?ﬁé;%éaﬂoaéd%€8W€85§gaﬁ ;Cé&amlcs'Fﬁéﬁ # shows an
exanmpl e ofe 1 PPLpabéng:ferd of 4 BerpsesyH thavaiMigrRderabudi A Bbard

pressurization controller and a depressurization controller;

FIG 5

shows a rfasir epRpsitegide of F IsarAass ot WHEhwbhR pid@ircrdi Ad'Pshrd in
‘Exampl e L BBy &rshoway eay! st S amRl e11x3pde RoPRsAtdasdpangl e 1

board to be adjusted into a convex shape or a concave shape through

control of the pressure in the sealed space. The polishing head

can therefore suppress rise of the outer peripheral portion of

theworkpieceknzadjustingtheshape(ﬁftheworkpiece—holingboard

into the concave shape in the early stage of the lifetime of a

backing film, and polish the workpiece into ahighly flat workpiece

by opposed adjustment to the above, regardless of usage of the

backing film, in the latter stage of the lifetime of the backing

film. The polishing head also can polish the workpiece into a

highly flat workpiece by adjusting the shépe of the

workpiece-holing board into the convex shape or the concave shape

in accordance with the shape of the workpiece before polishing.

BRIEF DESCRIPTION OF DRAWINGS
[0022]

FIG. 1 is a schematic view showing an example of a polishing

head and a polishing apparatus of the present invention;

FIG. 2 is a schematic view showing an example of a polishing

head of the present invention including a sealed space defined

by bonding a tubular member to a workpiece-holding board;

FIG. 3 shows an example of a polishing head of the present

invention including a workpiece-holding board having one body

defining the outer periphery of a sealed space;

FIG. 4 shows an example of a polishing head of the present

invention including a pressurization controller and a

depressurization controller;

FIG. 5 shows a measurement result of flatness of the

workpiece~holding board in Example 1;

FIG. 6 shows results of Example 1 and Comparative Example



FIG 7 shows results of Exanple 2 and Conparative Exanple 2;
shows results of Exanple 3 and Conparative Exanple 3;

FIG 8

1;

FIG. 7 shows results of Example 2 and Comparative Example
2;

FIG. 8 shows results of Example 3 and Comparative Example
3;

FIG. 9 shows results of Example 4 and Comparative Example
4;

FIG. 10 is a schematic view showing an example of a
conventional polishing head and a conventional polishing
apparatus;

FIG. 11 is a schematic view showing an example of a
conventional polishing head using a backing film; and

FIG. 12 is a schematic view showing another example of a

conventional polishing head using a backing film.

DESCRIPTION OF EMBODIMENTS
r0023]

Although embodiment of the present invention will be
described hereinafter, the present invention is not restricted
thereto.

A conventional polishing head of a waxless type, as shown
in FIGS. 11 and 12, disadvantageously polishes a workpiece into
a workpiece having lower flatness, because a soft backing film
is deformed at its outer peripheral portion to lower the polishing
amount at the portion, and the workpiece is thereby polished into
a concave shape due to rise at the outer peripheral portion.
[0024]

Accordingly, the present inventor repeatedly conducted
keen examination to solve such a problem. Asaresult, thepresent
inventor found a means for adjusting a polishing pressure against
the outer peripheral portion of a workpiece, more specifically
a means including a flexible workpiece-holding board composed of

thin ceramics, and a sealed space defined on a surface of the



FIG 9 shows results of Exanple 4 and Conparative Exanple 4; FIG 10 is
a schematic view showi ng an exanple of a conventional polishing head and a
conventi onal polishing apparatus;

workpiece-holding board on an opposite side of a surface on which
the workpiece is held. This means changes the shape of the
workpiece-holding board into a concave shape though control of
the pressure of the sealed space to adjust the polishing pressure.
The present inventor also found that the pressure of the sealed
space is controlled such that the workpiece-holding board changes
its shape into a large concave shape in the early stage of the
lifetime of the backing film, and the pressure of the sealed space
is controlled such that the workpiece-holding board changes its
shape into a smaller concave shape as the lifetime of the backing
film becomes shorter, whereby the workpiece can be polished into
a flat workpiece, regardless of the lifetime of the backing film,
without exchanging a spacer ring, which is complicated operation
conventionally performed. The present inventor brought the
present invention to completion based on these findings.
[0025]

The polishing head, the polishing apparatus, and the method
for polishing a workpiece of the present invention will now be
specifically described with reference to the accompanying
drawings, but the present invention is not restricted thereto.

FIG. 1 is a schematic view showing an example of a polishing
head and a polishing apparatus including the polishing head of
the present invention.

The polishing head of the present invention will be first
described. As shown in FIG. 1, the polishing head 1 includes
polishing head body 11, a workpiece-holding board 12, configured
to hold a back surface of a workpiece W, that is flexible and
composed of ceramics, a sealed space 14 defined on a surface of
the workpiece-holding board on an opposite side of a surface on
which the workpiece W is held, and a pressure-controlling means
15 configured to control a pressure in the sealed space.
[0026]

The workpiece W is held on a backing film 13a attached onto
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FIG 11 is a schematic view show ng an exanpl e of a conventional polishi ng

head using a backing film and FIG 12 is a schematic view show ng
anot her exanpl e of a conventional polishing head using a backing film
DESCRI PTI ON OF EMBODI MENTS [ 0023] Al t hough enbodi nent of the present

invention will be described hereinafter, the present invention is not
restricted theretq. . A conventional polishing head of a,waxless type,
as shown ﬁq?IQQ§§PlffeéHalQE?g§W§HﬁC&ﬁrag%o &5 %§Fé§saPﬁBV%g? ce into a
wor kpi ece,jravideg thewes r kb 8 e s6 tobpeavsst aisdflopakicegnf £ +ah icondefgor med at
its oute&bﬁerlpheral portion to |ower the polishing anmount at the portion,
and t he wwirkhedeolishiner B899 foPrsied HRIE A NEon CARAE s RapMRIE 110 i se at
the out erax%%rﬂa%ﬁgr@émcgﬂ%faﬁé Q&er{éﬁ 3 having a 188 D9bY o tRAenRAGR R
| y conduct ed keen at on

i nventor repeate exam n 0 solve such a problem As
a resul t,thdbapkisedt linfhdentan beowrwtl.a Abbasnd biveldj,ushiamgudapaiuisiei ng

pressure agai nst the outer peripheral portion af a rkpi gce r

speci fi catfltg@ﬂ 53%%&{%{5%Eﬁﬁd”%n?qleeﬁebfﬁo%ﬁ%nﬁin c%fﬁo agll ﬁé lCi’)]f)oargr{él%gorrposed
of thin caradesthanthcxisgaf £h 9pacet tefidtednon thesuwbiRpte@f-Hdieling

wor kpi ece- hol di ng hoard qon an opposite side of a surface on which the

wor kpi ecéP&rhdid. 1ratsafeahstiihaifElatfe lgﬁ‘ape of the workpi ece-hol di ng
board intgm@oncave shape though control of the pressure of the sealed
space to adjust the polishing pressure. The present inventor also found
that the pressiite skaillhd spafedlépatalined omt tbel earaedn ehdtha he

wor kpi ece- i _boar h i S e.] ..a. large ¢o V&;sAaRe in the
early St§§§9§$f¥%g%$?P§P§n§9%§§ﬁﬁi%%ggﬂgnab§§$ﬂﬁagﬁ- tﬁg Eﬁ%ggﬁre of the
seal ed spatevhisicahier ebrédisoehi ttathdlts vier kpuetedhel th ng hassdirehanges
its shape into a s | er,,concave shape as. the.Lifetine of,the backing film
becomnes s%%?nf[%?lie\ﬂwnﬁ’ eby FHR St KT Sglétﬁ%]hieb%llso A5 HRECT Rt 6 %r?ﬁsg’}re

wor kpi ecein regardd=ass epatbelkifetime of the backing film without

exchangi ng a spacer ring, which is conplicated operation conventionally

per formed. The %E_@ﬁkp?%%m@rdlﬁ%ﬁaﬁ dt]#elﬁr_ ; SAnverEraR- £ | etion
based on pheseckipdings. HAQRSIthe flexidhei PPlirsthdigohepdecs HeoRolrshi ng
apparatus, and the nethod for polishing a workpiece of the present

i nvent i onPe@¥d lfowase bepebtaiead |y imed thiet khiekeeehce tha he

acconpany} Hg a3 q; Byt pbliPq PLES el RKERKhOUS | 5¢ Mafe T estri ot ed t her eto.
FIG 1 is a schematic viéw showi ng an exanple of a polishing head and a
pol i shi ngwappareatarholddéhgdbogrd HE pel nshinegtiréadedfin pansicgéat, iandknt i on.
appropriately adjusted in accordance with a ceramic material to
be used, an outer diameter of the workpiece-holding board 12, an
inner diameter of the sealed space, and so on. The thickness is
thus adjusted so as to allow the workpiece-holding board to change
its shape into a convex shape or a concave shape to polish the
workpiece into a flat workpiece.
[0028]
In the present invention, the flexibility of the
workpiece-holding board means that the workpiece-holding board
is capable of changing its shape into a convex shape or a concave
shape. The workpiece-holding board preferably change its shape
within the following range:
The ratio of the outer diameter of the workpiece-holding

board to a maximum variation of the adjustment into the convex
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The polishing head of the present invention will be first described. As
showmn in FIG 1, the polishing head 1 includes polishing head body 11, a
wor kpi ece- hol di ng board 12, configured to hold a back surface of a

wor kpiece W that is flexible and conposed of ceram cs, a seal ed space 14
defined on a surface of the workpiece-hol ding board on an opposite side of
a surface on which the workpiece Wis held, and a pressure-controlling

means 15 TS QU &det 6OBBAY R oFN2PDr EdUFERIRUTh¥AE R LR SR €U FE026] The
wor kpi ecey W@e@}é}%' d 50 5@{%9%13?90 I qééléﬂo?’a 2} 1AGHed At O pf e
ol di ng . Atenp

morkpiece-h boa ate 13b 1s provided out'side the
wor kpi ececd¥tesgumelsend & bl twertk pneelee W fatemmeaninyg offiathempabki Shitmg head 1

during polishing. re, a_co rciall vai l.abl e tenpl ate assenbly 13

navi ng & venl Afb S5 DuERE M The o act R 1 PR TSRS be used

Al ternatively, &=n iannol ae gotdé thalg ttHeatcomewxeshspehef waidkpi ece from

com ng off . be praqvided outside the backing film 13a attached onto the

wor kit ecc PO BOAAANT ST T MEaaSGT THES BHpF BB iAo Pyase o e ©  The
seal ed spaee cthiededt red Wit sHiace ngf bdded Wahkipties echehdenehdyeard 12

on the opposite side of the surface on which the workpiece Wis held, is

coupl ed ViN¢d B PrdsPgr BrebrVEHNY dipviard Meeingk E8suFenEsht?hIthed 15 can

control B, - d Shace kb ; T i e6er hal di ng
boar d 12aY€Econpégg%ﬂg%hgeﬁgﬁ#gé and %ﬁ%'ﬁqégpﬁffﬁt§sl§£$%35the P%exibility

of the wovkpieterhal diidg-boafdcd 2dpeartieorobt ai ned by reduci ng the thickness
of the mor&&iife-holding board 12. The thickness of the workpiece-hol di ng
board 12 rs™n restricted in particular, and appropriately adjusted in
accordance wt ITk eerlashingeiesd alf tthebprasedt atveittien,diaocktétn®fa t he

wor kpi ece- hol di ng board 12, an |[nner di aneter_of the seal ed space, and so
on. Tho. t it CRISEETPED Ay didsdF Hat o % 5 CHE L F50 A TORPE hEA T T SEEL IS ng

board to ghangg dr prehapeoh iy ?fl%&ﬁ%@liﬁga@}@tﬁn&i NeaveaghaPendrx pol i sh
the workpiece into a flat workpiece. [0028] In the present

i nvent i onOf tHee fibesksiessy y 1of - t hehHRpiRIEEnSIcdPA§IbBaR BY nEarre™ P2t t he

wor kpi ecezhol i ng beandel s BaPakle0hrCPROGIN% I Tk ShaR81hRt Bodr§aivex
shape or a concave shape. The workpi ece-hol di ng board prefeérably change its
shape wi t &im behadfestehiimgor Blageconvex shamhdy anroeatinhdheupresizget er of

:E: ‘gg;\‘jg&ﬁ%é‘%‘iﬁ%@ board 1£ & WRrMUALY AL, Al e iR pRdLYSELRY 1 nto
the pressure controller 15. The shape of the workpiece-holding
board 12 can be adjusted into the concave shape by decreasing the
pressuré in the sealed space 14 to less than an atmospheric
pressure.

[0030]

A polishing agent of an alkali or acid solution is generally
used for polishing a semiconductor substrate as a workpiece,
thereby resulting in metal contamination of a workpiece-holding
board composed of ametal material due to elution of metallic ions.
Advantageously, the workpiece-holding board composed of ceramics
can avoid such metal contamination. The ceramics
workpiece-holding board can be machined with high precision
required for a highly flat workpiece after polishing.

The workpiece-holding board 12 is preferably composed of

a material having a small thermal expansion coefficient, such as

12



shape or the concave shape (the maxi num variation/the outer dianeter) is
preferably 0.028x10-3 to 0.222x10-3. This corresponds to a situation where
the maxinumvariation is 10 Ka to 80 pmfor an outer dianeter of 360 mm
for exanple. It is to be noted that the convex shape of the

wor kpi ece- hol di ng board neans a shape protrudi ng downward round the center

of the workpi.ece-hol ding board,. and the cancave shape neans a shape
protrudiﬁﬂ*ﬁﬁ%@r&eFémﬁﬂgtﬁ@géﬁﬁ€éFHbFﬁFﬁé%ﬁoFﬁﬁ?%%%-h&Vﬁfﬂﬁxﬁﬁﬁfd, when t he
wor kpi ece-thoh@iingicbeandtisn Véewadt ivbrkpiide-aoliacg wbdeetiorurliag29]

The polishing head of the present invention, including a ceramcs nenber,

p . )
has ri gi RN shageir BBk loshghi Kguad W rmgside it RhAFERL pPERANSIOR and
flexibili (Al Y diRgiadi SHARN 0f5 14 RBoh NELHIRRS cekaffics | Rd
morkpiecégﬁgﬁgfﬁﬁgggd$d 12 éan ge C aﬁaésﬁts ghape. Thecghgpéé%f t he
wor kpi ecesttriirdiasg Isteed 13U8304 be Atpusiedinatand kel ldowexashage by
i ncreasing the pressure . in the seal ed space 14 . 7D t t nrospheric
pressure %?F%C%pre @%&%5 %o%??%qlﬁejgre%np Re Sﬁg%gl% é%%eg%ﬁ%%@ce- hol di ng
board 12 gallke atjaustadti of ostdinlconcaxneeihape by decreasing the pressure
in the seal ed space 14 to |l ess than an atnospheric pressure. [0030]
A poIishiHﬁI%@ent of an alkali or acid solution is generally used for

polishing a serendusdiorsrSulsheal @ rasnd piideRiceceverd hiRdeBabesyldheng in
metal contam nation of a worKpi ece-hol ding board conposed of a netal
mat eri al thare efethst Wonkpicpwthelding basrd AMAnrEeEESHyLINEhe convex

wor kpi ecez i b j cah.avoj b
contaniné#?%%gcgﬂg'g%%gﬁgggp§%§€ﬁﬁiégg%o 3%%5 %gg?d9%§n§%§nﬂg?i?ﬁﬁh W th
hi gh pr ecistlgniaceqtior ed darishdd ghl ysdgatofivshkphaclel raf tfedmpbdi i iredh ‘
The workpj.ece-hqgl di ng board_12.is. preferably conposed of a material having
a smal | t?ﬁﬁrﬁﬁékgﬁ? sitO oc%é?+?%}%ﬁfkﬁé&§ﬁ& %eggrunina ceram cs and
silicon car bi derreer@miesinohsapptiess duivals datorimei off die tdeter

wor kpi ece- ho| di ng _board 12 durijng pol.ishing,, Tagle 1 ihoms Yogﬁg'iﬁnndul
and t her R BT GOTESEPT PEI BT SVOTKRASHA nd CBFaRfESY SHIITSi ¢&fbi de
ceram cs, 1 gk SididH ess sherind F03304)Y. adbeeab g "hcap@esklik€0n caldi de

ceram cs exhibit a thernmal expansion coefficient extrenmely smaller than
~that of s$ea¥gdEragcedp, ngg3 }Pan an atmospheric pressure and hence

adjusting the shape of the workpiece-holding board into a concave
shape to increase the polishing amount at the outer peripheral
portion of the workpiece, thereby ensuring a polished wafer with
high flatness. Also, in polishing of a workpiece having a convex
shape, i.e., aworkpiece having sag at its outer peripheral portion,
the workpiece can be polished into a flat workpiece by increasing
the pressure in the sealed space to more than an atmospheric
pressure and hence adjusting the shape of the workpiece-holding
board into a convex shape to increase the polishing amount at the
central portion of the workpiece. In polishing of a flat
workpiece with a baking film having a lifetime enabling polishing
the workpiece evenly, the workpiece-holding board may be adjusted
to a flat shape.
[0032]

The sealed space of the polishing head can be configured

as follows:

13



Such a polishing head of the present invention enables the shape of the

wor kpi ece- hol di ng board to be adjusted into a convex shape or a concave

shape in accordance with the shape of the workpiece to be polished or usage

of the backing filmto polish the workpiece into a highly flat workpiece.

The polishing head thus suppress the rise of the outer peripheral portion

of the workpiece in the early stage of the Jifeting of the ?gﬁkin film by
es

decreasing the Id'r]@s@lﬁf%hﬁ@tnﬁeh@% | SERYREM &1 fttﬁ’a?nsﬁﬁ : eric
pressure pngyReneeqadi s ing dheiishapse oot s dvy-kpiieeaghebdtag bazy d into
a concave shape to increase the polishing anount at the outer peripheral
portion ofhe Howgsr Bpréeee eher dmpudnsureigen Moliasiag Raskrrigid B .gh

fl at ness. N .pol Lshj rKpi ' 0 %iﬁﬂgi j.e., a
morkpiecéﬂﬁgigﬁﬁhggggé% ﬁ%é%&ﬁﬁ%g%%xgﬁﬁghgggTQggi??b%?gtEéﬁéér pleéggcan be
pol i shed ohteheat fibatamorkpeecks by Likeregsilnghtihg tpaes§lrshawn the'Esal ed

space to re than an at nospheric, pressure _and hence_adj usting the shape of
t he morkhgg€§iﬁ3mﬁtﬁae§33ra V%f%P%égﬁﬁh? %?ﬁa%Safg ﬁﬁ%} §§K%%§)Bblishing
anmount atddfeniaentihal opeeki parobhéhe swrdkpl eealelinspaté sthndpeofusad,| at
wor kpi ece with a baking filmhaving a |ifetinme enabling polishing the

wor kpi ecelweqﬁdypftw%m@d@wlﬁc’%@%%agWﬁ&elad}%b@dt%l 5| at
shape. [0Q3dler 16. The seal ed space of the polishing head can be
configured as follows: Li ke a polishing head 21 shown in FIG 2,
the seal et0&pice 14 may be defined by bondi ng the workpi ece-hol di ng board
12 to the | owerpy,sutf lLat r I i Lol dit and
provi ding a dis}¥§ gpgghgé%EK%#ggg@&9H§%p?ﬁ%é%b§g¥$é§%?5%2té? %%%“%ﬁbular
menber 16spddkd4dapokirdiiangameate8Hismenwrriaf thévoBkpadtematn pel igh a

Kpi - hol di ng, boar.d_havi ne body defjni t ter. i f th
Seal b SpHE AR HE 4860 A HO BT a5 BTG TRa horRET S LM S poar d 12
to the tubitedcuRiMIer sdPord¥I33 the rise dihehputshi pgr gad-dapongian i nner

di aneter of the sealed space 14 | arger than an outer dianeter of the
wor kpi ece®Wiehh KPR EhBORBr RPFet®- i nto a wor kpi ece whose entire surface

is highly flat,spattheut @1dsysS4PRE @3siRY fdiepki S Bidddisn alesuPaiddher al
portion of the workpiece nore surely. A plurality of seal ed spaces
maybe pr ovf dae vt kHeosunpadéngfoaays oiitkpi AReHidieds FiE bodre dartare
opposite sj of, t rf.ac N, Wwhy t - kRl i d
independeﬁ%q%Fg%EJ?ga2%%%?%??§régﬂ%§ﬂ%bngg%ﬁ5§§%€%§géé&[ﬁ?%%%gig spaces to
control téenpreklsanrembp lBachchf cotpl sdalicd Spesespasoeshze cohgrohapee of t he

wor kpi ece- hol di ng .boar.d, cap be nmore accuratel j ust.ed. 4 The
pressure LontTol ilﬁbeﬁggnggl %ﬁvﬁ%éacgﬁﬁfﬁﬁr% qggﬂbéﬁﬁbﬁéggg %? the
cont rol | i wgr latiee @ -Haled syt boatrdotaanse depre siuttuirageilgnadfustwd seal ed space

14. For tFe gg{ishing head having the pressure controlling nmeans 15 capabl e
of control?§ only pressurization of the seal ed space 14, the '

wor kpi ece- hol difg beakduld s&ycke Bdabatsi 18 tad BENEEVEL flapetbadvance.
In this case, controlling pressurization of the sealed space allows the

wor kpi ecectrllimgfiseardoldipg ong oipredsnrbm it ebAcopPecsrapbzahtd a
boar d 1 nt gt ST EHor SO aave S hank o Bobonuon. Shane e TR rerton coe )
pe or convex” shape en the workpiece is
pol i shed.controlling means 15 capable of controlling only pressurization
of the sealed space 14, the workpiece-holding board 12 may be
adjusted into a concave shape in advance. In this case,
controlling pressurization of the sealed space allows the
workpiece-holding board to be adjusted from the concave shape into
a convex shape. This polishing head can thus adjust the

workpiece-holding board into either a concave shape or a convex

shape when the workpiece is polished.
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On the contrary, for the polishing head having the pressure controlling
means 15 capable of controlling only depressurization of the seal ed space
14, the workpi ece-hol ding board 12 may be adjusted into a convex shape in
advance. In this case, controlling depressurization of the seal ed space
al l ows the workpi ece-hol di ng board to be adjusted fromthe convex shape

into a concave shape. This polishing head. can . sin]arl| just the

wor kpi ece- hol difig® %éP@tFﬁfg'é%FhE?gémﬁﬁﬁ@éQE}§ﬁg%%a +%%%g8ﬂwgﬁﬁ§ﬁ§be when
t he wor kpi&ee-di1s iPe! hedtf1 5 E8@3BLe of cont Al iRIESSLY Bep08E$ @ 141D oieans 14
can include both pressurization and depressurization controllers. The

pol i shi nghedie #PadkewAPRAcF G Whe MAnkpds cenBopAERS UPeF%Ed ilon TeenPPol | er 42
and the depressuflizabl ancGRALL OLASLe 4% hokineaupl ad wiih Lhe seal ed space

14, controlling the pressurizatio epressurization of the seal ed space
14 by operomyrarligigosiepgeasvalx@®tion of th8uskadegobpadté nyllveed then

optional | dj.ust fl.atly-adjusted r kpi ece- hol.di ng board,into either a
concave s Joercea%(%ﬁ\}g?%s gégég%edge\%?%%%euﬁ%g itglne %?mﬁer%ssgﬁ %zle{ltq“loon of
t he seal el &patse kegpedl ags Dpoliehingt hedd sdrape iafi 1ake ywad kpsteagehol di ng
“board. [0036] . A polishing apparatus and a net hod for golishing a
wor kpi ec e’ FRRIFESNOIEAR i PRAT IS WP FRRE GEREBYRIFIIRRE OF @ CONVAX shown

in FIG Isphihe pRlid shingoarpasat uss 1 hasmddhe turn table. 3, the polishing
pad 2 attached on the turn table 3, the polishing-agent-supply nechanism 4

confi guretP@®lsupply a polishing agent 5 onto the polishing pad 2, and the
pol i shing head qf, %s%%%%SBBnkPXﬁ%nggno thuggﬁ §R-Phd B, 4pr kpi ece W

In the met hod for polishing a wor the present i1nvention, the
wor kpi ecepi¥ssurhiedad iwint dind keppebisshi ngt headootrelithra. pdhiespd histaipmar at us

of the prﬁg§5n4f %%%Q%iQQ'FEP?¢EQ§B&u8£Stp§é pressurization controller
42 and the depressurization controller 43 both coupled with the
sealed space 14, controlling the pressurization and
depressurization of the sealed space 14 by opening or closing a
valve.

Such a polishing head can optionally adjust a
flatly-adjusted workpiece-holding board into either a concave
shape or a convex shape by depressurization or pressurization of
the sealed space, regardless of the initial shape of the
workpiece~holding board.

[0036] ‘

A polishing apparatus and a method for polishing a workpiece
of the present invention will now be described.

As shown in FIG. 1, the polishing apparatus 10 has the turn
table 3, the polishing pad 2 attached on the turn table 3, the
polishing-agent-supply mechanism 4 configured to supply a
polishing agent 5 onto the polishing pad 2, and the polishing head
of the present invention configured to hold a workpiece W.

In the method for polishing a workpiece of the present
invention, the workpiece W is held with the polishing head of such

a polishing apparatus of the present invention. The shape of the

15



fl exi bl e wor kpl ace-hol di ng board 12 is then adjusted by controlling the
pressure in the seal ed space 14 of the polishing head. At this tinme, the
shape of the workpiece-holding board is adjusted intao a convex shape or a
concave shape in accordance with the shape of the workpiece to be polished
or usage of the backing film as described above for the polishing head.

The workpiece is then polished by Qringi the front surfa of the
morkpiecef}?ﬁ%?%ﬂiWﬂrﬁﬁlESﬁf%%%d%HQH”Fﬁﬁigglﬁ§hFﬁﬁnp%ﬁ3%§%Tf§€hed on the

turn tabl g3 rd1083i4 the presstite PRlirhkBg1agRARlUS4a thRepdBtdiath or

pol i shing a workpi ece of the present invention thus enable a workpiece to
be pol i sheghd nt dtatmiykliypes | Hie wbekrgi et dhe vgakeieesilding Ppaedilfe of the
backi ng fi - h j |j shi LE
Lo03s] AT b L R e e e o %, B sl b
descri bedtibelstwpwi ¢ thef es encieedeo texeaplods sbedtdie upagsemt thavientliiony and
conparati exanpl.es, the present inventiqgn is not restrjicted to these
exampl os. LT HU3GT CERGRETE! BPove Tor Y SolaRPRBOnaR - ad EHEUHITI & 4,
was producedhdh pbeisedd ¥y BgiAgANEgrshafdohieshilpddess ehetii@rkpiece
morkpiece;holdggg,board was neasured. A wor kpi ece- hol di ng board 12

¢

d
of al um nEEREAAERI weSteFEnf A hhbRINEd SRLPH R S tidrdiedner EPCOTUTE60 mm

and a thigkness; of 6 nm and then bonded to the |ower surface of a ceramcs
- tubul ar nmenber 16 with an outer dianmeter of 360 nm an inner dianeter of
320 mm ah@3H’k hi ckness of 20 nm by a conmercially avail abl e epoxy resin

adhesive. The 9@&9&x§ﬂ%&§8§ ggpgpg%&QQﬂkﬁqjﬂpgB%Boé6f$@spolishing a

workpiece of the present invention thus enable a workpiece to be
polished into a highly flat workpiece, regardless of the lifetime
of the backing film and the shape of the workpiece before
polishing.

EXAMPLE
[0038]

Although the present invention will be more specifically
described below with reference to examples of the present
invention and comparative examples, the present invention is not
restricted to these examples.

[0039]
(Example 1)

A polishing head, as shown in FIG. 4, was produced in the
following manner, and the flatness of the workpiece-holding board
was measured.

A workpiece-holding board 12 of alumina ceramics was evenly
machined with an outer diameter of 360 mm and a thickness of 6
mm, and then bonded to the lower surface of a ceramics tubular
member 16 with an outer diameter of 360 mm, an inner diameter of
320 mm, and a thickness of 20 mm by a commercially available epoxy

resin adhesive. The upper surface of the tubular member 16 was
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fastened through bolts to define the seal ed space 14. The pressuri zation
controller 42 and the depressurization controller 43 were both coupled with
t he seal ed space through a val ve. [0040] The produced polishing head
was turned upside down and pl aced. The flatness of the workpi ece-hol di ng
board 12 was nmeasured while the pressure in the seal ed space 14 was varied
in the rapnge of mnus 50 to plus 50 kPa with re ct to at ppspheric
pressure E@SQ?R?qnﬁgﬁgﬁgszPigﬁ E%ﬁ%?gﬁﬁéFhEZs&ﬁzgghapﬂ%%ﬁg%su Zation
control | e A3y FAatlibe ddainase MBASHEEIRN el e Her W kiRire6onthed digrg boar d,
NANOVETRO 1000FR manuf actured by Kuroda Precision Industries Ltd., was
used. [00%3]were bothrcgupbedhvivsh athesifalesh sprecnERE S EhtVa e
' horizontakxﬁﬁ; in FIG 5 represents variation in pressure with respect to
an atnospheric pressure, in which plus represents pressurization, whereas
m nus repr esentBhagpogssed pal ionind Heeakmasc duragdsuppide Glow regypr esent s
the flatness of t kpi ece- hol di ng board for the variatj i n_pressure,
in which Eﬁ%ﬁ?%Epﬁgggﬁiﬁgéﬁ%%ﬁ5§§:§h§85gpﬁﬁg?g%%£?ﬁn s‘%%%#g%ewﬁg a concave
shape. | tneasubel whdeestioogrebatireasn shewsed nedlsGace, 14 heaaworkpeecer hol i ng
board substantially |inearly changed its shape with respect to the

p S
vari at i onth¢ rpree<ifr BIRWS PRet S @épé&%bgeé{lt&nae%w%ﬁaﬁgl pFmeFRNeric

wor kpi eceshod i ng ﬂgp%@ 62Bs5hUS, bei adli dbttad1iiat-0 sbokhgar goncave shape and
a convex shape. [0042] On the wor kpi ece-hol ding board of the above
pol i shi ngd¢reers st Zattigoheentardldmret 8 alfloy Bhaifllabsnese afssarergssenbl y

havi ng a I W T h e | in i r of
302 mm st & Erie BT oS A o b PR T

pol i shi ngkheadh Viaxsqirsdwndéddiat aipel Itshi ngraappaedt. us as shown in FIG 1.
The morkaﬁii W a silicon single crystal wafer with a diameter of 300 mm
and a thi 55 of 775 gm was polished. The silicon single crystal wafer
used herei n wasrrubjsesheds td resiumar yf daudbheasudenpot i sitheghoandorte ledge
portion of the wafer was al so polished, 6 in advance. A 800-mmdiapeter turn
tabl e, a #orPeil ¥ifsed PRESSHNG Bab 2 4 bRERPAGEE i HhT ASFPRECRATT y st age

of its lifebichBsPREL:¥$2Ess108043h which p1lhé rkBeebbfBs freB8lLk$HA BTN A
polishing agent of an alkali solution containing colloidal silica was used,

and the pOResERHGIREEN BRPSERE St IR LIS ARELENeac e BEAE LB BEX3E6 ¥hm A
pol i shi ngp{@ag £@%Pé§ér{£% %9% Cﬂ)ﬁtfn%rs tde erkpihgae A Was 38t o rd0sdPa in
ternms of contact pressure of the water by a non-illustrated pressurizing
means. ThehdepréssionZathmmsscast riol vekcl phts glepad sehes pressigreshape he

ceal o0 SPBREL Py e SRaBiaTT st el e R, WcapselamsIrer Lo
shape of 2Hapmasastburhen Waters,waise whekrppotée shelindbpatd shbagaht el s
adj ust ed such, Lhatan average Robisfl g stgued SIPYaL 9L Lhe;dRTgr vas 400
pressure in the sealed space, and the shape of the
workpiece-holding board can thus be adjusted into both a concave
shape and a convex shape.
[0042] |
On the workpiece-holding board of the above polishing head
was attached a commercially available template assembly having
a template with an outer diameter of 355 mm, an inner diameter
of 302 mm, and a thickness of 575 um attached on a backing film.
This polishing head was provided in a polishing apparatus as shown
in FIG. 1. The workpiece W, a silicon single crystal wafer with

a diameter of 300 mm and a thickness of 775 pum, was polished. 'The
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The variation in polishing stock renoval in the plane of the polished wafer
was eval uated. The polishing stock renoval was cal cul ated by neasuring both
t he thicknesses of the wafer before and after polishing with a flatness
measuring instrument in a region excluding a width 2 nmof the outernpst
peri pheral portion as a fl atness-guaranteed regi on and by obt ai ni ng

di fferences between the thi c nesses re and after in a Cross
section oL@ MWatRIISCEHGta araéﬁétﬁ%é g?F@é?l“@l‘? SpPY %ft%jzg r| ng

instr urrerﬁodk;&%f%&%legbéhmmg aghwa@d cByebArTRiicor was wiged §85 Jmeasuring

the flatness. [0045] 6 shows a result of a _distribution of the
pol i shi nge&tisdiedeidvadvasica. heAv%?%ﬁm“ﬂl@neGeée%ﬁettra&l@s 2R Y
Va“a“om g)glhagnfr]ﬂg &anaem%e Wgsfgrzﬁ%! ¥héteﬂﬁ§%eggbno§>mple 1
nor e specr IcallTy the poli'shing stoc enoval of outer ~ peripheral portion
was appr okifredtieley wegei vaként to that of the central portion, and a

di fferencta'(flg.3 range) between a maxi nrum val ue and a m ni num vaI ue of the
pol i shi ng W%tk removal in the dianmetric direction of the wafer was 32.5
nm On the contatarhe theeVaf iglliiehing, pal pshi $1gi8f eelenteobvah alkadlie

| at er - descr.i bed Conparatjve Exanple 1 was di sadvanta t{;ly ter than
t hat of E@d]rﬁcﬂjénlco%ﬁ‘e“%EPHEéTjﬂr St 1GPsY3F Hﬁ?idto ﬁep%r %g stock

removal ofeddenqutss tla%l @i@f@be&@réd&{‘ westsaadd 80 than hhsd1 ofnitdhe

central portion, and the difference (the range) between a nmaxi mum val ue and
a ni ni numcad U@rsssihg pereshifry $heckorKRBOaE %fwatsh@erxart@r 29 nkR¥aheln

di ametric_gdirect 1 g dgnvention
enabl es tthe nIrlslesef gcr‘lm}ﬁ%%t é?egé%reprl% eraﬁ%%gr '?l g in t e ear y stage of the
li fetine pfedherirck megarlisl mrhe i@mmmgeedon[cﬁﬂﬁ&]ol(]@aﬂmerleed A

silicon single crystal d under_ t esarre ol i

condi ti on@%?rteﬁgéeeirp\é)%fnﬁ% cep? thaCHss sﬁjr?%%%lp%ior%}lge eryst al
waf er hadﬂﬁtmme@ecehapea@mmc&rpderﬁ@ pecepolishes dpfetethel sisipargpfand t he
pressure in the seal ed space was set to an increased pressure of 5 kPa with
r espect t@%ﬁ“%ﬁ]ﬁ?@é}ﬁﬁehpgdw@s@ﬁ@ tietedpusenedee sthmie of ¢hetm, and

wor kpi ecer ol dirag rpé)@-rt@le'nn]iﬁ)glﬁs}@&!ﬂVeA S&BPeh 1f %@m@rﬂzas'i@@]\ﬁéteatéﬁh in
shape of the wafer was eval uated. The convex shape of the silicon single

crystal viial adedveraeel Heddshiperdephdsmegad shdhshupecbiashaleutier
perlphera[ 4)4t|on It is to be noted that the shape of the wafer before
polishing s own in each of FIGS. 7 to 9 is a representative shape, and the
waf er havi ng sulist amtriiatipnt he mashshgpeteas verevdn ieatheerbapt eof [ 0047]

the polished wafer was evaluated. The polishing stock removal
was calculated by measuring both the thicknesses of the wafer
before and after polishing with a flatness measuring instrument
in a region excluding a width 2 mm of the outermost peripheral
portion as a flatness-guaranteed region and by obtaining
differences between the thicknesses before and after polishing
in a cross section of the wafer along a diametric direction. A
flatness measuring instrument (WaferSight) manufactured by
KLA-Tencor was used for measuring the flatness.
[0045]

FIG. 6 shows a result of a distribution of the polishing
stock removal of the wafer. FIG. 6 demonstrates that the
variation in polishing stock removal was greatly suppressed in

Example 1, more specifically the polishing stock removal of outer
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FIG 7 shows a result of the variation in shape of the wafer, and
illustrates the shape of the wafer polished surface that is turned upward.
FIG 7 denonstrates that the difference (the range) between the maxi mum
val ue and the mni mum val ue of the thickness of the wafer in a dianetric
direction was greatly inproved from134.3 nmto 63.5 nm and the wafer was

polished into a flat shape, because the r kpi ece-hol di ng, board j ust ed
into a cd?%f@?ﬁﬂeppﬁalg%s"é%ﬁ tqpé)rﬁﬁﬂlf“@ﬁmﬁn)é Toeie rStovar t g‘?tt%fe tral

portion ofedthey Wed®fion, and a QAFfdi@nether rhaish) pkbwt e alebameescnided

Conpar ati ve Exanple 2, ‘the difference (the range) between the maxi mum val ue
and the el AERANTEDFUS Ob thisi RKAESS NeTSiark aheyal Antthe e ameittic

directiongy J]rg;lr(gy@gef“;a%@r;’l‘%% 3o to 9, @h@r@o%[%a 9, the ¥ o]?dﬁhont he

outer perip era portion, is caused in the early’ stage
lifetine m pdﬂastbua@lgi sgofkl memd¥eel cionvdre sllaape desthébedntonglayedritvieon,

however, di ot .chan h fro the s efore oI h|n nd the
o ovenetn s AonSE R SOy IREREb ATy NIRRT REL Sl LS
The COﬂdiIﬁcblfé’l%pE@foilthEW RgA1 Sier s esisi ef ithd belﬁ@ﬁi@@ &S:l@@(k&darﬁb@(]arrpl e 2

wer e changed so as to adjust the shape of the workpiece-hol dle%tg oard into
a concavePsHdpe BIter7 PeitBYeset tPgE1He WaSeSE@LécnthaR &hedl §E]§pe to a

decr eased-gHE8SUHEr0f o0 alﬁaat}m LR rEEsREEE (LBeAFuRfdDBRRRELS PABSSHEL. AS a
result, a substantially uniform polishing stock removal distribution was

achi eved, vahiee lsence nheinknyeloe ehethmaied ipbibgespoth siemeyanagt the
subst ant "ﬁzﬁé/r ngj ntal @retgmeggég ﬁP@&éﬁl&?'Ja& 14he FAI fference (the range)

bet ween t maxi mum val ue an m ni mum val ue of the thickness of the
wafer in the dlﬁmmmdmgdwr,eldué pmemetlmwdnﬁlmng@akﬁlmmekﬁmnft@elﬂ. 8

nm This means tn I_(Lness bef or e nd af @n gstantf ally
equi val ent" T%é’f@f]lp era pﬁﬁ%b?lﬁl%lty Fﬁ@ ?Sr% ae%et \Fgﬁt rs%% nables a
waf er to tige pRldisihed finkota begblppidatedvaf er by adjusting the convex and

concave sha(ges of the workpi ece-hol ding board in accordance with the wafer
shape bef b (b]ol i shing. [0050] (Exanple 3)

(Example 2)

A silicon single crystal wafer was polished under the same
polishing conditions as those in Example 1, except that the silicon
single crystal wafer had a convex shape on a side to be polished
before polishing and the pressure in the sealed space was set to
an increased pressure of 5 kPa with respect to an atmospheric
pressure to adjust the shape of the workpiece-holding board into
a convex shape of 10 pm, and variation in shape of the wafer was
evaluated. The convex shape of the silicon single crystal wafer
described here corresponds to a sag shape of the outer peripheral
portion. It is to be noted that the shape of the wafer before
polishing shown in each of FIGS. 7 to 9 is a representative shape,
and the wafer having substantially the same shape was used in each
example. '

[0047] 7

FIG. 7 shows a result of the variation in shape of the wafer,

and illustrates the shape of the wafer polished surface that is

turned upward. FIG. 7 demonstrates that the difference (the
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A silicon single crystal wafer was polished under the same polishing
conditions as those in Exanple 1, except that the silicon single crystal
wafer had a slightly concave shape before polishing and the pressure in the
seal ed space was set to a reduced pressure of 15 kPa with respect to an

at nospheric pressure to adjust the shape of the workpi ece-hol ding board

into a concave shape of 37 pm ,h and variation in shaﬁg of the gﬁ;eh'was
eval uat ed* 3¢5 Aetween the) epxFugpgiglue BEdythe PR HBUR) aFF-H1S itieshape of

the wvaf erynfligesd demenst jakes 1hal dibendifiteneneet{bhevaangelathet ween the

maxi mum val ue and the m ni mrum val ue of the thickness of the wafer in a
di anmet ri cimpretad 6roMds 4i-Fprb\Fedo rohe ATE Khetw 82X vapmolagiethietifaf er was

pol i shed | a f a ‘RgggH t i ecer ol
adjusted‘%n]%tasggégé&%ﬁ%ﬁé%Eeﬁ%crea e% thgégﬁﬁéﬂ%ng s?gégg?gﬁg@g%pof t he
out er pera phervak spaptiiorrel sedehsap@lishing sto@nreheval bérthearehtial t he

| at er - descri bed gﬁﬁ% rati¥e Exanpl e 3, the concave shape of the centra
portion Ao Har§€ Y8 Hhch fromthe shape before polishing. The

di fference (thet angebthbetrwaend} hen naxd Muveraliescanbet heomparagimeal ue of
the thickness of the wafer in the dianetric direction was di sadvant ageously
i ncr easedEERTEAS ¢ - f Eben B FRURRCEO (108 . B IHR) dBETYBCR He G MeS1BYMt YRl Wt er

peri pher aalm(ﬂ)‘%éinﬁ'?vigl\gglizxﬁéﬂdegoﬁ%Hérﬁc%iic@nggg_o%aiﬂé’w&fég_%.noihé 8€athddtd me of

the backing film e conditions for adjusting the pressure

in the sedleersipaceasnimreepte Fogedédchanydd 98 - asni durdjtasthe el sshape of
th kpi - i i : f i th
e o K, o6, DAL 1L ALSErERYE, S UNR i 2T AL TELLD the

to an at noSpties i Ici flertdseupé. tAs hacksud t£ilm.subseandnadst yshapef ofmtpel i shi ng

t ock |_djstributi hieved, and h the. sh f. the waf
bef or o pOrT ATy BRES LSnaR ANt 31 5 it 4Bt RBr BSpdanct! £GP Y e -

di f f er encgeféhe gaANGR) nhet weENthd e npvivenenyal tetend e whbi st Vet ue of
the thickness of the wafer in_the dianetric direction was in the range from
67. 7 nm t Bhay. BAmirThémRsns -t he t hi ckness before and after polishing is
substanti phhygequi val ent. [0053] (Exanple 4) A silicon single

crystal wafer was polished under the sane polishing conditions as those in
Exanpl e 1, excePte wapmdithiensi Epgoaddnsiging dhssralesparer 1hathe oAk shape

mer eased Breben Brart o] B ERE Tl e A e T PR B2 e 1
adj ust t heoshape-efhdllE naobépr@derthob dicrgdyeasdapatal a7qonbgxsstiajrey of 80
pm and V@ﬁéfﬁééggdfé %%agﬁeogegfg%wgﬂg%é %%Sae géfggégﬁ pressure of 10
kPa with respect to an atmospheric pressure. As a result, a
substantially uniform polishing stock removal distribution was
achieved, and hence the shape of the wafer before polishing was
substantially maintained, more specifically, the difference (the
range) between the maximum value and the minimum value of the
thickness of the wafer in the diametric direction was in the range
from 134.3 nm to 122.8 nm. This means the thickness before and
after polishing is substantially equivalent.
[0049]

Accordingly, the present invention enables a wafer to be
polished into a highly flat wafer by adjusting the convex and

concave shapes of the workpiece-holding board in accordance with

the wafer shape before polishing.
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[ 0054] FIG 9 shows a result of the variation in shape of the wafer.
FIG 9 denonstrates that the difference (the range) between the nmaxi num

val ue and the m ni mum val ue of the thickness of the wafer in the dianetric
direction was greatly inproved from329.9 nmto 66.6 nm and the wafer was
~polished into a flat shape, because the workpi ece-hol di ng board adj usted
into a convex shape increased the polishing stock renoval of the central
portion ofOQ%%]workpiece. On the other hand, in the | ater-described
Conpar ati yexdsuwls 4, the difference (the range) between the maxinum val ue
and the m nimum val ue of the thickness of the wafer in the dianetric
direction was idrpiedeantyigilz2orgsied e f2g5vwas maldseedndar £hgesame t he

out er per%@Eﬂ@’bﬁgﬁ%ﬁ?%g%weq%% I 4 f‘%f;‘étéhbéh%tt of1186

lifetime e convex ape o e central portion,
however, sdinhglmtrghameasermacha 6loght he cohapeebdfapredogitiieshd hgshiamd t he

i nprovenent .i.n the range, smal | er than that in Exa e 4. 0055
(Corpar ar Fod B asnt 1 ¥heTRa L o ket b ARG r e o | shed
under theosarse kpandith ot heSgn i Stnlospelre clpexsapte fter adsuBe t#he
polishing head, as shown in FIG _11, including a flat workpi ece-hol ding
board of areRE f EBRAMPERHITE A l6dfer Lok Birek 8f CBP YuFRaRSt Af ckhess of

i n, | f .
20 nin ﬁ?£h§%Q£3éF&atgoﬁ EH‘sﬁQ§eﬂQﬁ%§ﬁ!%ﬂﬂiﬁ?ﬁﬁsE§251§§F%@§ present

inventio aluation was carried out as w np FIG 6
shows a ré8@btl As shown in FIG 6, the difference (the range) between the

maxi mum val ue qﬂﬂgt 1. v .pol Lshin of the
wafer in the dianﬁt??%ﬂgir%3%%8%£3§%9%%§g%%$9%hﬁgﬁl%ﬁg&gggé?ggy% an 32.5 nm
i n Exanpl EIQ. SThiesonvanstéhathatheéhwadiffieemden (pbkisdngw) dedekenethval was

diSadvantgggﬂ%iﬁ%agﬁgagﬁithQ%QH%Q%&1Lglgg%ﬂpLﬁe%ﬂﬂkg%%%L of the wafer
in a diametric direction was improved from 67.7 nm to 42.2 nm,
and the wafer was polished into a more flat shape, because the
workpiece-holding board adjusted into a concave shape increased
the polishing stock removal of the outer peripheral portion of -
the wafer.

On the other hand, in the later-described Comparative
Example 3, the concave shape of the central portion did not change
so much from the shape before polishing. The difference (the
range) between the maximum value and the minimum value of the
thickness of the wafer in the diametric direction was
disadvantageously increased greatly from 67.7 nm to 191.6 nm due
to the rise at the outer peripheral portion, which is caused in
the early stage of the lifetime of the backing film.

[0052]

The conditions for adjusting the pressure in the sealed
space in Example 3 were changed so as to adjust the shape of the
workpiece-holding board into a concave shape of 27 pm by setting
the pressure in the sealed shape to a decreased pressure of 10
kPa with respect to an atmospheric pressure. As a result, a.

substantially uniform polishing stock removal distribution was
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(Conpar ative Exanpl e 2) silicon single crystal wafer was polished
under the sane conditions as those in Exanple 2 except for using a
polishing head, as shown in FIG 11, including a flat workpi ece-hol ding
board of alum na ceramic with an outer dianeter of 360 nmm a thickness of
20 mm a flatness of 0.8 pm and no seal ed space, unlike the present

i nvention, and evaluatjon was carried out as wt FIG 7

le 2. .,
shows a r&dtevedas aBANERGSH tErGShaPe (He ef?’%ff%ﬁgke%%ggpgeﬁﬁle}n%éﬁﬁeen t he

maxi mum vahe and £1he Iﬁﬁﬂiﬂﬂ-ﬁ.’ﬁe‘dalrh@ré)fspébﬁfigéP &Pe%h@fdﬂﬂf%r\é@f:@r (dHe the
dianetric direction was 91.6 nm which was di sadvant ageously greater than
63.5 nm i FRBG@meEween @beﬂpaw@masfaehqev@néxéﬁﬁl ele}mum valuen off [Gheon

singl e Cré’ﬁf&lné’?sf SF L48S,pAl) %H% 89% %@%cﬁ?gﬁhwta' SOy &ﬁ% tdhpRe in
Exanpl e 3 except for u5|ngap0|5|ng as shown in FI I ncl udi ng
a flat \Aofnkqnnéae:/hmi’doﬁg Boar.d Ehlah:eanﬁatkceethmlsnws heﬁﬂreamelraﬁheamet er of

360 Mm a t kness of é . atness .of 0.8 pm and no seal ed space,
SRR

unl i ke t h&° 15 5% SHNE S was carried out as with
Exanpl e 3j 0053 FIG 8 shows a result. As shown in FIG 8, the difference
(the range between t he maxi num val ue and the m ni num val ue of the

t hi ckness (lfae idf er in the diametric direction was 191.6 nm which was

(élxzsrg?/gnz)ageous}i %195 e8hefi dlancAds La DM R rEX 2R i3head GRRE] chEosm@y ati ve
polishing conditions as those in Example 1, except that the silicon

single crystal wafer had a convex shape before polishing and the
pressure in the sealed space was set to an increased pressure of
31.5 kPa with respect to an atmospheric pressure to adjust the
shape of the workpiece-holding board into a convex shape of 80
um, and variation in shape of the wafer was evaluated.

[0054]

FIG. 9 shows a result of the variation in shape of the wafer.
FIG. 9 demonstrates that the difference (the range) between the
maximum value and the minimum value of the thickness of the wafer
in the diametric direction was greatly improved from 329.9 nm to
66.6 nm, and the wafer was polished into a flat shape, because
the workpiece-holding board adjusted into a convex shape
increased the polishing stock removal of the central portion of
the workpiece.

On the other hand, in the later-described Comparative
Example 4, the difference (the range) between the maximum value
and the minimum value of the thickness of the wafer in the diametric
direction was improved from 329.9 nm to 205.8 nm due to the rise
at the outer peripheral portion, which is caused in the early stage
of the lifetime of the backing film. The convex shape of the
central portion, however, did not change so much from the shape
before polishing, and the improvement in the range was smaller

than that in Example 4.
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A silicon single crystal wafer was polished under the sanme conditions as
those in Exanple 4 except for using a polishing head, as shown in FIG 11,
including a flat workpiece-hol ding board of alum na ceramic with an outer
di ameter of 360 mm a thickness of 20 mm a flatness of 0.8 pm and no
seal ed space, unlike the present invention, and eval uation was carried out
as with Exg le 4. FIG 9 shows a result. As shown in FIG 9, the
di fferencé @%%E range) between the maxi mum val ue and the m ni mum val ue of

t he thi ckpessppfatine Wahapi1knifhe dianetric direction was 205.8 nm which
was di sadvantageously greater than 66.6 nmin Exanple 4. [0059] [Table 1]
ALUM NA CERAM S SSILEFCON (TRRBI DEY CERAVIEES TSTAF MICESS hsUSatie 1y BURG 3 VoDUL US

GPa 370 conditions as those in Example 1 except for using a polishing head,

as shown in FIG. 11, including a flat workpiece-holding board of
alumina ceramic with an outer diameter of 360 mm, a thickness of
20mm, a flatness of 0.8 um, and no sealed space, unlike the present
invention, and evaluation was carried out as with Example 1.

FIG. 6 shows a result. As shown in FIG. 6, the difference
(the range) between the maximum value and the minimum value of
the polishing stock removal of the wafer in the diametricdirection
was 148 nm, which was greater than 32.5 nm in Example 1. This
means that the variation in polishing stock removal was
disadvantageously greater than that in Example 1.

[005¢6]
(Comparative Example 2)

—=A silicon single crystal wafer was-pclished under the same
conditions as those in Example 2 except for using a polishing head,
as shown in FIG. 11, including a flat workpiece-holding board of
alumina ceramic with an outer diameter of 360 mm, a thickness of
20 mm, a flatness of 0.8 ym, and no sealed space, unlike the present
invention, and evaluation was carried out as with Example 2.

FIG. 7 shows a result. As shown in FIG. 7, the difference
(the range) between the maximum value and the minimum value of
the thicknes of the wafer in the diametric direction was 91.6 nm,
which was disadvantagéously greater than 63.5 nm in Example 2.
[0057]

(Comparative Example 3)

A silicon single crystal wafer was polished under the same
conditions as those in Example 3 except for using a polishing head,
as shown in FIG. 11, including a flat workpiece~holding board of
alumina ceramic with an outer diameter of 360 mm, a thickness of

20 mm, a flatness of 0.8 um, and no sealed space, unlike the present
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430 197 THERMAL EXPANSI ON CCEFFI Cl ENT x10-6/C 7.2 3.7 17.3 [0060]
It is to be noted that the present invention is not limted to the

f oregoi ng enbodi ment. The enbodi nent is just an exenplification, and any
exanpl es that have substantially the sane feature and denonstrate the sane

functions and effects as those in the technical concept described in

clains of , the present invention are include% in the tg&?q&cal

pr esent

i HVEST G IR and evaluation was carried out as wil xampf%

FIG. 8 shows a result. As shown in FIG. 8, the difference
(the range) between the maximum value and the minimum value of
the thickness of the wafer in the diametric direction was 191.6
nm, which was disadvantageously greater than 42.2 nm in Example
3.

[0058]
(Comparative Example 4)

A silicon single crystal wafer was polished under the same
conditions as those in Example 4 except for using a polishing head,
as shown in FIG. 11, including a flat workpiece-holding board of
alumina ceramic with an outer diameter of 360 mm, a thickness of
20mm, a flatness of 0.8 ym, and no sealed space, unlike the present
invention, and evaluation was carried out as with Example 4.

FIG. 9 shows a result. As shown in FIG. 9, the difference
(the range) between the maximum value and the minimum value of

the thickness of the wafer in the diametric direction was 205.8

nm, which was disadvantageously greater than 66.6 nm in Example
4. '

[0059]
[Table 1]
ALUMINA SILICON CARBIDE | STAINLESS
CERBMICS CERAMICS SUS304
YOUNG'S MODULUS GPa 370 430 197
THERMAL EXPANSION 7.2 3.7 17.3
COEFFICIENT x107¢/°C

[0060]

It is to be noted that the present invention is not limited
to the foregoing embodiment. The embodiment is just an
exemplification, and any examples that have substantially the

same feature and demonstrate the same functions and effects as»
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For exanple, the polishing head of the present invention is not restricted
to the conformati ons shown in FIGS. 1 to 4. For exanple, the shape of a
mai n body of the polishing head can be appropriately designed except

requi rements described in clains. Mreover, a plurality of independent

seal ed spaces may be provided on the surface of the workpiece-hol ding board
on an opposite side of a surface on which the workpiece is held so that the
shape of tReSHOPKPRREECHBIERhGBEEPE LFCHEE bR A iFabtlGcalf B2

Addi ti onak Yent f16h cORS g akban; A thd e R 3HING BPRAKAL HiSe | 1Srd\Qtn ¢
restricted to that shown in FIG 1. For exanple, a polishing apparatus
maybe provihderitiér-h a plurality of polishing heads of the present

invention. CL poli shi ha. nf,i gur.ed ld a kpi ece at
the tine of poﬁré{ﬁier}f;amtp@ee’&?%&%@eﬁﬁ&%bﬁgﬁai %g tgrl% trl%r?{égggr %‘\é\ée)ﬂtofér% he

wor kpi eceis mictr 8éstht g cebhd adie wbhHoangrol drshshgwpdd BI¢Rchetb 4o ofom turn
tabl e, the polj shi head coppri si ng: a workpi.ece-hol din oard

conf i gur_eﬁxg%p ol d% 5 ckestit f Ack 'dt oy %rklﬁ?é?:%l,lﬁlﬁé‘%\greﬁ i%g%- | di ng
board bei agpfdexi & 208sDghdy SRRPOSLE@f r GRIAY B85cribed indcBgah£d space
defined on a surface of the workpiece-hol ding board on an opposite side of
a surf aceMereffoha ftHergeikigicfcenderndant apriled spacegmgydassprevidifirol | i ng
means congj gyred, {0, CORtE iBSSUL end ThiNersea ite siad e

pol i shi ng ﬁeaé3 %é% naé capa@ll‘ee 8? g?ijéustg}i1 nit\;jb1 arhggﬁape&(;%?1 téﬁgj%%oes%itgl Seldé

wor kpi eceohd diurdgabeasm vilvitch &heomusspisicapésorelal sonthae Steapbaby of

control li t he .pressure.in the seal ed ace by the pressure-cantrolling
means. 2 ARG G HEd RREONdTHY T T ACEUTRher & T e oo

wor kpi ece- hol di agdoianmch 1ils, ftlexcbhéigorsticdh af o eat i dHiatg appatauof an
outer diapeter of the workpjece-hol di,ng board to a maxinum variatjon of the
adj ust yreniLSirlﬁitoretsiifél 6ﬁ9et>?p %‘bEEBWnﬂﬁ%%n avé SRR EN P Raki Pthd

vari ati Oné%ﬂ%‘r@&ﬁ@hag! BEBRIv) dedl @1@2&%%%1&@ 22831 0sBing BeadBeof

pol i shing head according to claim1 or 2, wherein an inner dianmeter of the
seal ed sphe PLeIUHgevVERARCBA out er di ameter of the workpi ece.
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4. The polishing head according to any one of clains 1 to 3, wherein the
pressure-controlling nmeans is capable of controlling one or both of

pressuri zation and depressurization of the sealed space. 5. The polishing
head according to any one of clains 1 to 4, wherein the workpiece-hol di ng
board is conposed of alumna ceramcs or silicon carbide ceramcs. 6. A
pol i shing apparatus for polishing a front surface of a workpiece, the
pol i shing apparatus conprising: a p6F*&¥Png pad attached on a turn table; a
pol i shi ng-agent - supply nmechani sm configured to supply a polishing agent
onto the polishing pad; and a polishing head configured to hold the

wor kpi ecel accoridlbadisbianycenfecwif iduiarste had dsa workpAegetafodihedrinsol i shi ng

KDi brindi o . . .
Gont act vt P ol e sk R e e e el 2 B e o
conpr :c Si ln@or]tpﬁleﬁmgntbesmjl«pj eoetact hwitlpal pshisgiheahdaetbadhag ttco any
one of clains 1 to b5; adjusti h f, the fl exibl Kpi - hol d
boar d by Gorft (ot dglRe. pResEtt LTI M SORTSRARE of the pol ishing

head; and then Pabighi e il WOIKPOLER configured to hold a back surface
of the workpiece, the workpiece-holding board being flexible and
being composed of ceramics;

a sealed space defined on a surface of the workpiece-holding
board on an opposite side of a surface on which the workpiece is
held; and

a pressure—-controlling means configured to control a
pressure in the sealed space,

the polishing head being capable of adjusting a shape of
the flexible workpiece-holding board into a convex shape or a
concave shape by controlling the pressure in the sealed space»by

the pressure-controlling means.

2. The polishing head according to claim 1, wherein the

workpiece—holdingboardjf;flexible1x>suchznléxtentthatzaratio
of an outer diameter of the workpiece-holding board to a maximum
variation of the adjustment into the convex shape or the concave
shape (the maximum variation/the outer diameter) is 0.028x1073

to 0.222x1073.

3. The polishing head according to claim 1 or 2, wherein an
inner diameter of the sealed space is larger than an outer diameter

of the workpiece.
4. The polishing head according to any one of claims 1 to 3,
wherein the pressure-controlling means is capable of controlling

one or both of pressurization and depressurization of the sealed
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space.

5. The polishing head according to any one of claims 1 to 4,
wherein the workpiece-holding board is composed of alumina

ceramics or silicon carbide ceramics.

6. A polishing apparatus for polishing a front surface of a
workpiece, the polishing apparatus comprising: a polishing pad
attached on a turn table; a polishing-agent-supply mechanism

configured to supply a polishing agent onto the polishing pad;
n and a polishing head configured to hold the workpiece according

to any one of claims 1 to 5.

7. A method for polishing a workpiece by bringing a front

surface of the workpiece into sliding contact with a.polishing
pad attached on a turn table, the method comprising: holding the
workpiece with a polishing head'according to any cone of claims
1 to 5; adjusting a shape of the flexible workpiece-holding board
by controlling the pressure in the sealed space of the polishing

head; and then polishing the workpiece.
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