DESCRI PTI ON ABRASI VE HEAD AND ABRADI NG DEVI CE TECHNI CAL FI ELD [ 0001]

The present invention relates to a polishing head for hol ding a workpi ece
when the front surface of the workpiece is polished and a polishing
apparatus provided with the polishing head, and nore particularly to a
polishing head for holding the workpi ece on a rubber filmand a polishing
apparatus provided with the polishing head. BACKGROUND ART [ 0002] As
an apparatus for polishing a surface of a workpiece such as a silicon

waf er, there are a single-side pgldcghiipRgogpparatus, in which the workpiece
is polished by each side, and a doubl e-side polishing apparatus, in which
the both surfaces of the workpiece are polished at the sane tine. As
shown in FIG 9, for RREAPIE BEADANBNA g?@ﬁﬂ%ﬁsﬂﬁﬁgcﬁolishing appar at us
conprises a turn table 93 onto which a polishing pad 94 is attached, a
pol i shing agent supply mechani sm 96, a polishing hcad 92 and so on. This
pol i shing appafAtis Fkpol i shes a workpi ece Wby hol ding the workpi ece W
with the polishing head 92, supplying a polishing agent 95 onto the
pol i shing p@@ XU through the polishing agent supply nechani sm 96, rotating
both the turn tafl B%SQHQ L2013 U1, 830092, pBNdsRIhgokag the 1 ront

surface of the workpiece Winto sliding contact wth the polishing pad 94.
for holding a workpiece when the front surface of the

workpiece is polished and a polishing apparatus provided
with the polishing'head,,and more particularly to a
polishing head for holding the workpiece on a rubber
film and a polishing apparatus provided with the
polishing head.

BACKGROUND ART
[0002]

As an appafatus for polishing a surface of a
workpiece such as a silicon wafer, there are a single-
side polishing apparatus, in which the workpiece is
polished by eaqh~side, and a double-side polishing
apparatus, ih which the both surfaces of the workpiece
are polished at the same time.

As shown in FIG. 9, for example, a common single-
side polishing apparatus comprises a turn table 93 onto
which a polishing pad 94 is attached, a polishing agent
supply mechanism 96, a polishing head 92 and SO on.
This polishing apparatus 91 polishes a workpiece W by
holding the workpiece W with the polishing head 92,
supplying a polishing agent 95 onto the polishing pad 94
through the polishing agent supply mechanism 96,
rotating both the turn table 93 and the polishing head
92, and bringing the front surface of the workpiece W

into sliding contact with the polishing pad 94.



[ 0003] Wth high integration of electronic devices in recent years,
optical |ithography processes are perforned on silicon wafer substrates
with snmaller features, and mnimumline widths are |less than or equal to 45
nm The shrinking of feature sizes is being advanced. There is therefore an
i ncreasing need for highly flattened silicon wafers. The fl atness of
a wor kpi ece such as a silicon wafer is finally determned in a single-side
polishinéoﬁpééess. In this process, as a nethod for hol ding the workpiece

to inmprove they{lRtNESA, 1hheER S o3 Bt RAQ Bfr ALl ng-d heiyor kpi ece onto
a flat disk-shaped plate having high rigidity through an adhesive such as a

wax. Partecehar lygawsen agriiifaerim lpidihashiagh stockceepdsahr£s needed for the

entire surface of, the r.kpi ece,.a so-.called rubber- thod is used in
Whi ch o PREREETA (A & AP i 4 o BT SCEE AT o R pOPRLGR s notead of ¢ he
di sk- shapedtphalse havi R@inghn rigidlidyaties piessueszedhbhubd suellas air is
poured into the back face of the rubber film and the rubber filmis

i nfl at edtly 48 @fi-f of REpPELddikd Nh ofs R P SRS whf KpFele toward t he

pol i shi nggpad e FaLSRl sR0GYENe ke 101 XL g [008] ror An

exanpl e e structure of a conventional polishing head by the

r ubber - chugk lyetfied ieh st heinmt¢aal vyfshown in FIG 5. An essenti al
structure of t pali shing head 101 i ncludes an annular-.tigid ring 103, a
r ubber filn110gﬁ8dﬁi?§8eﬁg P&Z%ﬁ%ﬁﬁfgﬁ?ﬁfjiﬁéheﬁ% El %%%lﬁggte 104 j oi ned
to the rigird o iiRg FiQh1 1A e €chshageid08 ssndeki-sedebydifighiigi d ring 103,
the rubber film 102, and the md plate 104. An annular_tenplate 105 is
provi dedPeesesmtri éal Ith i tFradRssi @ 7 itRENe3 farahpeéfipRetd® portion on

2 oner (RS 4 alybiig,ubber TALMI02 TBecProssune@fod hex space s
adj ust ed, for “exanple, supplyrng a pressurlzeg ﬁ|UId W th a pressure
adj ust neatt teedHanry sthel Gib i kp 1dee center aof Lehedisd -phatredl@4d.at® pressi ng

ggﬁin:hi Egtaﬁigl%\im@’ziqflgrrpfﬁjg&_gtﬁygug%dagl ggﬂﬁe%??’rei %utcrllle adsi raecvgaiu?.n of the
Particularly when uniform polishing stock removal is
needed for the entire surface of the_workpiece, a so-
called rubber-chuck method is used in which a rubber
film is used as a workpiece-holding portion instead of
the disk-shaped plate having high rigidity, a
pressurized fluid such as air is poured into the back
face of the rubber film, and the rubber film is inflated
by a uniform pressure so as to press the erkpiece
toward the polishing pad (See Patent Document 1, for
example) .
[0004]

An example of the structure of a conventional
polishing head by the rubber-chuck method is
schématiCally shown in FIG. 5. An essential structure
of the polishing head 101 includes an annular rigid ring
103, a rubber film 102 adhered to the rigid ring 103,
and a mid plate 104 joined to the rigid ring 103. A
sealed space 106 is defined by the rigid ring 103, the
‘rubber film 102, and the mid plate 104. An annular



[ 0005] Wth the polishing head 101 configured as above, the

wor kpi ece Wis held on the | ower face portion of the rubber film 102
through a backi ng pad 108, an edge portion of the workpiece Wis held with
the tenplate 105, and the workpiece Wand the tenplate 105 are both brought
into sliding contact with the polishing pad 132 attached onto the upper
face of the turn table 133 by pressing the mid_plate 104, thereby

per f or ni ﬁ§m§1|36@gﬁog§o|%%iﬂrr@73§f stecemppbfally Wwithi RBep&Loid es having a

di anet er t nl.east .4 t.on,t r i:l4con wafers
rQ galo_z ast %e{)gmgggeo%&cfp%ﬁ ofNat DEwsur kace gbreiiln

may cause déterioratio S of e ectronic devices. A final
pol i shi ngfpraeessibba chilins lDZi nglhe spmmea sthif n@hepr@p@ss lLa a final

t | osel t t.h t lity, .| d
par L1 ol c39GN ERE s A Gu e L ot ST kEf G apPPagRondrand p i he

final poljishi RY JHLGRES A ﬂ%ﬁé@@&n@@ﬂlghﬂgmplaﬂelhstﬁ@U@e@ﬁe&O a
pol i shing head bod through a di aphragm whi | e avoi ding any contact of a

pol i shi n§fpadref id im@teol(shi g rseEptinRiterthe WOFE kphevs af@ra | oad is
appl i ed E @eln‘@f éﬁféh‘?r%fd Egllagﬂé‘gl é]aiﬁ’ Pﬂeuﬁﬂgfglghub‘% apd the like,

t her eby orm-ng pol1shing process ee Patent Docunent 2, for
exanpl e) pollAGGidlng pad 13h Exampbeidédthe structure of a conventional
pol i shi ngl f&%%q in use for final polishing is
With the polishing head 101 configured as above,
the workpiece W is held on the lower face portion of the
rubber film 102 through a backing pad 108, an edge
portion of the workpiece W is held with the template 105,
and the workpiece W and the template 105 are both
brought into sliding contact with the polishing pad 132
‘attached onto the upper face of the turn table 133 by
pressing the mid plate 104, thereby performing a rough
polishing process.

[0006]

Fine particles having a diameter of at least 45 nm
or more present on the surface of silicon wafers may
cause deterioration of product yields of electronic
devices. A final polishing process, which is a single-
side polishing process in a final stage, is closely
assoclated with particle quality. In order to reduce
particles on the surface of a workpiece such as a
silicon wafer in the final polishing process, a
workpiece holding plate is coupled to a polishing head
body through a diaphragm while avoiding any contact of a
polishing pad for final polishing except with the
workpiece and a load is applied to the workpiece holding
plate by using a fluid and the like, thereby performing

the final polishing process (See Patent Document 2, for



schematically shown in FIG 6(A). In an essential structure of the
pol i shing head 121 as shown in FIG 6(A), a holding plate 124 having a
rigid body such as ceramics is coupled to a head body 123 through a

di aphragm 129 nmade of rubber. A | arge nunber of through-holes 130 for
vacuum chuck of the workpiece Ware fornmed in the holding plate 124. A
backi ng pad 128 is adhered to the side on which the workpiece Wis attached
by chuckexandle)back plate 122 is provided at a back face side. Aring 125
is also Erp§zged so as to surround the holding plate. Adjusting pressure of
a space 8 n the holding plate 124 and the back plate 122 through a
passage 127 foxnceRbmplki Bg wWakkpi-eee tehck ferali@svditei srmglium chuck
attachnment and detachnent of the workpiece W Adjusting pressure of a space
bet ween PRé1BAdRIpiNsRE 170 Umfd e higwfl oyl 4B30ehtBugh a passage 126 for
pressi ng Lkpi ad] f i f the workpi ece
W agai nsF%%l\r%‘g‘aE@F?‘gﬁwyﬁg@?ﬁ PR TRlaP! PN e JOREE 0T 11 [ 0008]
FI G 6( Bptshowsran oghltareggeb i s8vi ray duenald t h2l rasgshagnshowdIicn FIG 6(A). As

shown in Fl 6(B)., polishi c e perfornmed sych that the ring 125 does
not presé (Phe ﬁbl‘¥Hﬁiﬂ? ﬁgdﬂ%ﬁéﬁRVﬁEﬁg%%% ?hf%ﬂﬁ§5508¥ §Uﬁ§fgﬁ Wis 0.775
mm for exadRlies tike ddupl S and E@@dh@éd%mgzpl aheold4 are placed so that
the surface (the surface to be polished) of the wafer Wprotrudes fromthe

| oner faddaphrega liZfy mes L EPgbe®n. 0.285L %9 ThVEPPFefént s the wafer W
from bei p cl I | i shi nabl P Sh1RG Wi hout
pressing%%ﬁg%églggﬁf%g]ﬁgg:qgg %ig%ﬂg ?ﬁﬁaﬁlgg,%?ﬁergbyggkeé%nting

gener at i amweoffopardd clrestHea dmldieng i pgati@5124. A Hhekéngsphdwde@ a probl em

in that surface irregularities of the holding plate 124 having a rigid body
such as ¢ér ﬁ‘%%ﬁ‘?i %3 drig e?Jr‘i%l © ‘t’lﬂécaogbﬁi 3&@8&30& 1%t ness t her eby
deteri or ates.ch0@3] chuck, T#h@bs abachi ghk¥ef hab wer kpiceceravdth 4 ewer
particles, the polishing head by the so-called rubber-chuck nethod is

conmonl yPaséd faee s dough poltighidy b? oekss, PTAVRAPEN SChéSr (ber filmis
used as %m%ﬂ§55ﬁ”i%§TmﬁéH§'té?EEéon“Aéé?%ﬁ?ﬁgﬁg§§%ShE%'@fs%ch as air is

poured intd the back face 0 e rubber e rubber filmis
i nfl at ed spacae tnritfuaran prles sius BdSngaslbhbepiéds abolt hehdanwds kplaite and t he

tenpl ate | ding the edge porti of. the rkpi.ece toward. t he polishing
pad. In 9&% ﬁqﬁﬂu%ﬁﬂqsﬁﬁ?é%?ﬁoiggsfofhgoﬁ Fpgﬁﬁﬂflﬂég}ﬁ%ﬁc?inal pol i shi ng
is used idhuthi haloadis apphiRdcRYcushR@aanidatd and ddeadhkento the
wor kpi ece hol ding plate coupled to the polishing head body through the

di aphr agmintiitiee venadindi eee diy cduhiacting PRESPBERsRItng F&FIr final
TPeh . . . .
pol i shi ng, excent Qﬂ%ga%£§é¥g£§8'f§§ ak80%$E hea (£J§¥£F§§rﬁﬁfguéﬂove’ two

ki nds of “polishing conventironally neede a | arger  polishing
machi ne ianglasdiaye iatd Obrthecaboug poioshkioig@pparatluss 141 havi ng t he

pol i shing head 101 for rough, polishing and polishing a ratus_151 havi ng

t he poli§ﬂlﬂfqﬁﬁﬂF13ﬁ_?Eﬁg?iﬁﬁlfBSFFsﬁ%nSW%sWQékQﬁ%ﬁ%Rﬁe%%%ﬂ?s or exanpl e

as shown iy 'ﬂﬁis?hifi }ﬁaaewbtatw%%di $n J1eak tiu Pf ovaelee a1Bar ger space
c

in a clean room whi as high utility cost, the cost of the polishing
machi ne itSHIF]

FIG. 6(B) shows an enlarged view around the ring
125 shown in FIG. 6(A). As shown in FIG. 6(B),
polishing can be performed such that the ring 125 does
not press the polishing pad 132. When the thickness of
a wafer W is 0.775 mm, fqr example, the ring 125 and the
holding plate 124 are placed so that the surface (the
surface to be polished) of the wafer W protrudes from
the lower face of the ring 125 by 0.20 to 0.35 mm. This

prevents the wafer W from being detached during




becones higher, and thus there arises a high cost problem [0011]

There is al so disclosed a rubber-chuck polishing head that is seens to
reduce particles by avoiding any contact of the polishing pad except with
t he wor kpi ece during polishing and polish the workpiece with high flatness
(See Patent Docunent 3). ClI TATI ON LI ST PATENT LI TERATURE [ 0012] Pat ent
Docunent 1:Japanese Unexam ned Patent publication (Kokai) No.H05-69310

Pat ent Docliirehing: daparess lbseyatiiséd nRatweinth publ et $ ong (Kokai )
hb'2007_ggizghing pad 132 by the ring 125, thereby preventing

generation of pérticles from the ring 125.

There is however a problem in that surface
irregularities of the holding plate 124 having a rigid
body such as ceramics is transferred to the workpiece
and the flatness thereby deteriorates.

[0009]

To obtain highly flat workpieces with fewer
particles, the polishing head by the so-called rubber-
chuck method is commonly used in the rough polishing
process, in which the rubber film is used as the
workpiece-holding portion, a pressurized fluid such as
air is poured into the back face of the rubber film, and
the rubber film is inflated by a uniform pressure éo as
to press both the workpiece and the template holding the
edge portion of the workpiece toward the polishing pad.
In the final polishing process, the polishing head for
final polishing is used in which a load is applied by

-using a fluid and the like to the workpiece holding
plate coupled to the polishing head body through the
diaphragm while avoiding any contact of the polishing
pad for final polishing except with the workpiece.
[0010]

As described above, two kinds of polishing heads
are convenfionally needed, and a larger polishing
machine including both of the above polishing apparatus
141 having the polishing head 101 for rough polishing
and polishing apparatus 151 having the polishing head
121 for final polishing is therefore needed, for example
as shown in FIG. 7. As a result, there is a need to

provide a larger space in a clean room, which has high

utility cost, the cost of the polishing machine itself



Pat ent Docunent 3:Japanese Unexam ned Patent publication (Kokai)

No. 2009- 107094 SUMVARY OF | NVENTI ON [ 0013] A schematic view of the
pol i shing head disclosed in Patent Docunment 3 is showmn in FIG 8. In the
pol i shing head 111, as shown in FIG 8, the rubber film 112 presses the

wor kpi ece W the guide ring 115 that is disposed around the rubber film 112
and fixed to the body 113 holds the side surface of the workpiece W and
the m d pkabtesslhdghand hikb thive rduetrdee auibbsy 4 ihiglil@oate coupled to the
guide ring 115 through an elastic film 119. When this polishing head
i's used ngbﬁSWrshing, however, it has been inpossible to reduce fine
particlesopavyhng a dianeter of 45 nmor nore. [0014] In view of this, the
present inventors investigated and conducted studies on the cause for
inability to rBdete iReapaptdébedosas a madlar-achrrakehilindent ors found

that frigtign for.ce in_a radial.di | i |0 irection
about thgePgtgkﬁﬁgﬁ%d%?%§stéhaé%ﬂé§§f§%#§égéésap%l?gggg?%g1?ﬁglpolishing
pad duri agntiagal oFokihshiprd icaninod deed absospedvirkhhthbhewelk@ptiecef i | m 119
because the md plate 114a is pressed to a stogger'llg bﬁ.v%guun1chuck
during pBPFERONgGOLdsd it ARt Kift e W her RF BPEa8nlgEd £4€% i nal pol i shing

pad durirg Relkisshi RGe HHe HAUSESRXCESS) ve polishing and particles are
created fromthe final polishing pad. The created fine particles are

consequently attached to the workpiece. [0015]
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[0012]
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(Kokai) No.H05-69310

Patent Document 2:Japanese Unexamined Patent publication
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Patent Document 3:Japanese Unexamined Patent publication

(Kokai) No.2009-107094

SUMMARY OF INVENTION
[0013] | |

A schematic view of the polishing head disclosed
in Patent Document 3 is shown in FIG. 8. In the
polishing head 111, as shown in FIG. 8, the rubber film
112 presses the workpiece W, the guide ring 115 that is
disposed around the rubber film 112 and fixed to the
body 113 holds the side surface of the workpiece W, and
the mid plates 1l4a and 114b fixing the rubber film 112
are coupled to the guide ring 115 through an elastic
film 119.

When this polishing head is used for polishing,
however, it has been impossible to reduce fine particles

having a diameter of 45 nm or more.



The present inventors also found the followi ng. In the conventi onal
polishing head, a side wall portion of the rubber film 112 contacts an
inner wall of the guide ring 115 fixed to the body 113 during polishing.
This contact prevents the elastic film 119 from absorbing the frictional
force in a radial direction applied fromthe polishing pad to the rubber
film112 and workpiece W even when there is no vacuum chuck of the md
pl ate 114gowmuth the stopper 118 as above. Therefore, fine particles are
attached to the workpiece also in this case. [0016] As descri bed
above, it has beehl¢tpesstBie, t bREbPERFCRWIFRFIECESwi th fewer fine

particle LE [ t of ﬁyg&ié%u 1dy AP oL gpEesyhi l e ensuring
predeterﬁpﬂggkagaﬁeglggﬁéggna#' hi gh pol i shing stOckareanaI uniformty by
usi ng onénebnleéhyi dral:epgoldes hibeg deeddi @l one. AsOGL Hesult, Uhe present

i nvention was acconplished in vjew of the above:described problens, and its
obj ect iB*E5°p o&?&&@&ﬂﬁﬂiiﬂﬂq%;%nﬁﬁjéﬁﬁf?ﬁﬁ?@%i 9" Gpparatus, operable in
both of thgikough rRekiisi NG .RY.0cessrayk fdmad i pott sbhngbpuecess, that can

stably achi eve predeterm ned high fl atness and hifh poli shing stock renoval
uni f or m £ptiekipel pehisng ofthe wstHidip ek airpEanpBt 484 ATRBr re%@ece Wi th
fewer fi Al hayi 1 t t | ¥4 r,4Y0r e.
oote oL B e P e et an o ogi des a

pol i shi ngihktadheorfrissiing:f id ndi ks s Hopesiune dt pé anedppowicded 14el dw a
polishing head bg@y; a rubber fi%q%that coverg ai lL.east a lower face
portion RAGSSSSi &6 PadE FHIT ont HIPY hE2 G & pf Bre® tHEPdbber fil m bei ng

hel d by pheihdnRl,aleid ahanmdiasi gk de thageforehahflbggsatsiede surface of
a wor kpi ece, the guide ring being disposed around the rubber film a first
seal ed spadelpeodilehise mathditr byd thel ke Hipvat TR €REBSPEbber film and a

first pr e ;34 ushnent; mechapi i [ essyn e pf Hhe first
seal ed s%gggsgéﬁgggﬁﬂby Su Iy|nd§£%%?%l$% %ﬁ% ?%?gﬁior of the first seal ed
space poftinan, pohd spdlrshpady hdac betawmtednfigeredrtbchekdaaeback surface

of the workpiece on a | ower face portion of . the rubber film press the
wor kpi ec@o\ﬂisteﬂutel?&qui rast(tapﬁkées‘gutr% %%?u@?ﬁgﬂfeﬁ@chani sm and bring a front

surface qfotilzg workpi ece into sliding contact with a polishing pad attached
onto a turn table to polish the workpiece, the polishing head including a
base nenber colpkeBTresenite polanstanfy hexd Hodydt Rrou§AlanRvérdstic film the

base ”E”H%rt%%l@&%%éﬁ%ﬁé%gfkﬁéifghﬂﬂg ngd?ig side wall portion
of the rubber film 112 contacts an inner wall of the
guide ring 115 fixed to the body 113 dufing polishing.
This'dontact prevents the elastic film 119 from
absorbing the frictional force in a radial direction
applied from the polishing pad to the rubber film 112
and workpiece W, even when there is no vacuum chuck of
the mid plate 114a with the stopper 118 as above.
Therefore, fine particles are attached to the workpiece
also in this case.
[0016]

As described above, it has been impossible to
obtain a workpiece with fewer fine particles having a
diameter of particularly 45 nm or more while ensuring
predetermined high flatness and high‘polishing stock

removal uniformity by using one conventional polishing



pl ate such that a | ower surface of the gui'de ring does not contact the
pol i shing pad during polishing, wherein the base nenber is restricted to
nove in an axial direction by contact between a part of an upper surface of
t he base nenber and the polishing head body and is capable of noving in a
radi al direction through the elastic filmduring polishing. [0019] In
t he polishing head including the base nenber that is coupled to the

pol i shi ngebgadi1bady t hrough the elastic filmand holds the guide ring and
the md plate such that the | ower surface of the guide ring does not
contact tHBlPdlishing pad during polishing, wherein the base nenber is

restricted to fpye,insant aXhabndibACHAAN Rk LONtAM DetmepreR part of the
upper surface g?gtggggase nenbgr and ?heapofﬁgﬁfhge%ead b&hy and i s capable
of novi nghenakoradidals cdiibect ipowtlemoughandel et asitjecti La dari ng pol i shing,

uni form pressing force can be stably app]ied. across_the workpiece, and
pr edet erBrirﬂgddﬁi thﬂi&t g}?foﬁladﬁd &gﬁjs 'Jr‘urégs?%%ﬁr?g}lnsﬂ/al uniformity can
be stabl ypepsynedin BAgdidi ahd a-dutis, pd hesgengr ptbessef aparticles from

the guide ring can be prevented. In the polishing head, the frictional
force i nfanpadpeal ighded iLeP st i dehdt opd het pblVsAFRgePad can be absorbed

thr ough BRUBRRNGOL DG hasefIRINAL. | 12 £ Ach Ahodi LEehi0Recand the

polishin I'S prevent frombel ng dama y e workpi ece so that the
gener at i epmofrapanmiicdicasniftryomit heo Joiodhh iy ngf padwdubkptiecexesasisioge fiction can

be inhibited. As a result, the workpiece . with fewer._fin articles having a
dianeteroggaﬁ§rﬁi@@ﬁ%ﬂﬁ?%%‘ﬁﬁﬁggg%ﬁ% Eh%eb%aBEESFﬁSd%a%ﬁPgbﬁer, t he

pol i shi ngihead eirS I AR &1k bo} y 9fnh herraegh.pol i shing process and final
polishingaprocess, t hereby reducing cost. [0020] In the polishing

head, a ¢&RiL&dt portion between the part of the upper surface of the base
menber and the,polighi Y. d configyrednsuch that the
part of the up%grggﬁgfggeqég%t%%ggggg ﬁ%ﬁ%gﬁﬂg%%%acts tﬁe pglishing head
body t hr pughriaeperd ectl isyihiere Itk sposedp i hsangoneade sporstiagrecmovd ded at t he
pol i shi ng_head body and/or. t he base, nepber Wien the.contact portion
bet ween gﬂétﬁaﬁ?Q%aii RipFF S P %gﬁb?gtH8a8a98d¥énﬁeféﬁﬂ?ﬁhe pol i shi ng

head bodying ¢onfd qyRd-such thatrtheipaet ehckheouppem sid ace of the base
menber contacts the polishing head body through the perfect sphere disposed

in the cendavdaser ot provedethatnifePpatprshithg FekdBody dhd/ or the base
e SRR I S e Ly PR Lyttt el
gener at i aplafinpard iclds sanfdeet ber ebyorrkbiibiceed tigr e wide| ving

being disposed around the rubber film; a first sealed

space portion surrounded by the mid plate and the rubber

film; and a first pressure adjustment mechanism for

adjusting pressure of the first sealed space portion by

supplying fluid to the interior of the first sealed

space portion,.the polishing head being configured to

hold a back surface of the workpiece on a lower face

portion of the rubber film, press the workpiece with the

first pressure adjustment mechanism, and bring a front

surface of the workpiece into sliding contact with a

polishing pad attached onto a turn table to polish the

workpiece, the polishing head including a base member

coupled to the polishing head body through an elastic

film, the base member holding the guide ring and the mid




In the present invention, the contact between the part of the upper surface
of the base nenber and the polishing head body is not limted to direct
contact between them but includes indirect contact through the perfect
sphere, that is, as long as the novenent in an axial direction is
restricted by interference of the polishing head body with the upper
surface of the base nenber. [0021] The polishing head preferably

i ncl udi nglatsesabd shalked dpaee partiare suff rdundsedidy thegbdsesnenber, the
pol i shing head body and the elastic fjlmand a secand pressure.adj ust nment
mechani sﬂPFoFOQHf“%t thG Prédstrid%Path %@@éﬁ%&“gpa‘ﬁéeﬁg?’?i on.

In the polishiog heaBeiNgludicng Lihe seandnsral d spageipertion surrounded
by the base nenber, the polishing head body and the elastic filmand the

second pféssuteéoadpystoertaarediednieam forpaf ust | a1y WPRSEUFBTERCEhe second

seal ed spac ortion, reducing, the pressure of n eal.ed space
portion gﬁagpgsgflﬁg f“&\ﬂ@ ‘s actgleofpCﬁle&bllﬁ%ehér?ﬁg&?ggbgnﬁn?% surely
prevent edagagmecamt aeliing tike apatddii ngd pesceish nghpohgshthg and the base
menber to _be surely prevented from noving in an axial direction. [0022]

In the péﬂﬁ§ﬁ?—ﬁgfﬁﬁﬁd,du§3{nﬁr Rt e %y or a dry bearing can be used in the
cont act pﬁ%ﬁig?n between the part of the upper surface of the base nenber
and the polishing head body. When a thrust bearing is used in the
contact porti obnbeheepnlthéipgr heeid time luppharg surd deesofmeneebase nenber

and the | i shi ng head dy,. .t he | i.shing_ head r i Ly constituted
by usi ngggaéoﬁrﬁe%&u i#%\%iqkheolpe&g]e%rﬁjr%%?h%% ?ﬁggbgggoﬁlé?rlbglecan readily
move in alkadial rdilkeciidomaortid echid sqabyenenhgi Andntaxi ali dipgledtd on can be
nore surely prevented. Wien the dry bearing is, used, maintenance such as
| ubr i canfustiphypti $heotlanesdetrrfape3al the guifet RéPForCSs fythead, an

oref er ably BFFUT Gl uc TRAC The Tt Fa7 Rotl o Caace Rarton | & di vi ded
into twobseeal edndpacesy mawkpressdreoohovheidi ahdediewo K EdiTpaces i s
adeStab£§ %@%ﬁﬁﬂpigh!eég'gﬁggrgtggrthe upper surface of the

base member and the polishing head body and is capable -

of moving in a radial direction through the elastic film

during polisﬁing, uniform pressing force can be stably

applied across the workpiece, and predetermined high

flatness and high polishing stock removal uniformity can

be stably ensured. In addition to this, the generation

of particles from the guide ring can be prevented. In

the polishing head, the frictional force in a radial

direction applied from the polishing pad can be absorbed

through movement of the base member in a radial

direction, and the polishing pad is prevented from being

damaged by the workpiece so that the generation of

particles from the polishing pad due to excessive

fiction can be inhibited. As a result, the workpiece

with fewer fine particles having a diameter of

particularly 45 nm or more can be obtained. Moreover,

the polishing head is operable in both of the rough

polishing process and final polishing process, thereby




In the polishing head wherein the outer circunferential portion of the
rubber filmheld by the md plate is bifurcated such that the first seal ed
space portion is divided into two seal ed spaces, and pressure of the

di vided two seal ed spaces is adjustable independently of each other, for
exanple, when the first seal ed space portion is divided into two seal ed
spaces that cover mainly the | ower face portion and the side face portion
of the nkddptahe eespectively and pressure of the two seal ed spaces are

adj usted separately from each other during polishing, uniform pressing
force caﬁoggoﬁnre surely applied across the workpiece, and the polishing

can be performed vhi! goe0sHEhnonbhal £l BbRess.coger e enti e surface of

t he workpi ece, particular s outer circunferential portion. [0024]
Furt her nbhe, ptiie prifesért uppeentsiuvarf goeovd fdasha pot ¢ shemige appadaths used for

polishin front surface of .a workpie i ncl udi ng_a.pol i.shi pad attached
onto a tﬁPﬁlﬁéng,ﬁﬁasoﬁPéﬁiﬁﬁ a&gﬁ%r )F%%%H%n$%%1?%?ﬁstgnging a
pol i shi nghagpat-toBiO thide upPairs Riuie A2ad, 0 Anthd hea ebowemedescri bed pol i shing

head of the present invention as a polishing head for hol ding the

wor kpi ecéonfegs] the poliwhdma heatbragsiecdd TPl & sAeBE B¢ usi ng t he
polishin r at. isncd ydi ng ishing, head, of jLhe pregant invention
t he mprk%ngggcg%g§88p§|?ghgﬁ‘%#ﬁﬁ%?%;| orn1p§gssing fo?ce Is stably
appl i ed poidssinke hwadk picsige aralydb 1t hehgdbashimemican. be performed while

ensuring high flatness over the enti.re surface qf the rkpi ece,
particularly awh??stgﬁtan%FFguﬁPé ety eﬁﬂﬁ%ﬁ:ﬁ?%ﬂﬁﬁggh?gifﬁﬁg t he
gener ati gppek Bakirfaelesr [0R26]ase membdh dhe@ PREi sbinghheadhefad he present
i nvention, the base nenber that is coupled to the EO|IShIng head body

a

t hr ough BAAE| &st conffiijomradd stsitdsthiate g dea ¥t ngfahBet HEPRITd pl ate such
that a | rf fd ' [ nef - coRt act sthhe Reld shing pad
during pgﬁggﬁ?%go?g%%gb§F%§H%&%%§ﬂ{Hggggggéﬁeﬁ%%rg?s reét??cte to nmove in
an axi al bddyethiromghy tdenteactt dyat vwasne ge pai sposetihénupper comdaarce of t he

base nmenber and the polishing head body, and is c bl e_of, novi.ng in a
r adi al dPPéEﬁPBnpﬁﬁﬁp e %ﬁﬁ?ﬁ?%ﬁv%Qdﬁ??ﬂggggVigﬁgﬁﬁ? AL result,
predet er gheed i@ of, | ate s Aandndigdr pehh sheagisiyoekveemeval uniformty can

be stably achieved in polishing of a workpiece, and a workpiece with fewer
fine partiéied Raviasdiprdivdretemaoreparti el AhPyPasenmeaiestorid &h be

obtained, . Jhe palishing head ds Al 50.gpeLall enkn RALR A0f Jihg ¢ ough
pol i shi ng process andQ?}ngf pdﬁ?s I ng process, t eregy reduci ng cost. BRI EF
DESCRI PTpoNtOe 1IBRAWENGSe thereby inhibited more surely. S
In the present invention, the contact between the
part of the upper surface of the base member and the
polishingihead body is not limited to direct contact
between them but includes indirect contact through the
perfect sphere, that is, as long as the movement in an
.axial direction is restricted by interference of the
polishing head body with the upper surface of the base
member. '
[0021]
The polishing head preferably including a second
sealed space portion surrounded by the base member, the
polishing head body and the elastic film and a second

pressure adjustment mechanism for adjusting pressure of

the second sealed space portion.

10




[0027] FIG 1 is a schematic view show ng an exanpl e of the
pol i shing head of the present invention; FIG 2 is a schematic top
vi ew showi ng an exanpl e of the base nmenber of the polishing head of the
present invention; FIGS. 3 are schematic views show ng anot her exanpl e of
the polishing head of the present invention; FIG 4 is a schematic view
showi ng an exanple of the polishing apparatus of the present invention;
FIG 5is a schenhhécpviéahihgwhagdadne&a@@bg ¢fhea ssormweht $embed pol i shi ng

head; @ are schemn e ho not her, exanpl e of a
Convent | BRAFCpBOIECHY G CTIF B T ST eI SEnarBET ¢ vi ow of "a

conventi gRak sRe@higShicR@ MRRA; A (B shoywsi ans enh asgedtMeeweebna part of
(A pressure adjustment mechanism for_adjustingrpressure of

the second sealed spaceAportion, reducing the pressure

of the second sealed space portion enables the lower

surface of the guide ring to be more surely prevented

from contacting the polishing pad during polishing and

the base member to be surely prevented from moving in an

axial direction.

[0022]

In the polishing head, a thrust bearing oria-dry
bearing can be used in the contact portion between the
part of the upper surface of the base member and the
polishing head body.

When- a thrust bearing is used in the contact
portion between the part of the upper surface of the
base member and the poliShing head body, the polishing
head can be readily constituted by using a commercially
available bearing, and the base member can readily move
in a radial direction while its movement in an axial
direction can be more surely prevented. When the dry
bearing is ﬁsed, maintenance such as lubricant supply is
not needed.

[0023]

In the polishing head, an outer circumferential
portion of the rubber film held by the mid plate is
preferably bifurcated such that the first sealed space
portion is divided into two sealed spaces, and pressure
of the divided two sealed spaces is adjustable
independently of each other.

In the polishing head wherein the outer

circumferential portion of the rubber film held by the

11



FIG 7 is a schematic view show ng an exanple of a conventional single-side
pol i shi ng appar at us; FIG 8 is a schematic view show ng anot her
exanpl e of a conventional polishing head; and FIG 9 is a schemtic
vi ew showi ng an exanpl e of a conventional -single-side polishing apparatus;
DESCRI PTI ON OF EMBCDI MENTS [ 0028] Herei nafter, enbodi nents of the
present invention will be described, but the present invention is not

restrictgdqtgihbesesephodir@BREs. such that GoRventianaledTOLes5880f
polishing the surface of workpieces such as silicon wafers, primry

pol i shi ngersiper fer fididerh iatgowicessiadebdiiastithg HppPR BEHIUFPrst, and
secondar y.pol i shi i n rf.or i {4 -S{ de polishing

appar at ués!f ?het Eé@ggggn%gﬁyS%%Ilie(s&h{gﬁéé@tigsfo%dgﬂgp%}?isﬁi ng process is
per f or rednwbpkadeaicdtaotdi @@ chi ethdmt Mess ensuyrled, iwhéemetipei fMargtpol i shing,
and the final polishing process is perforned to mai nlg%r educe particl es.

Since twbealFPePBALCPBPISARY e Sy 14RT a1 def® pott SR/7 ngPAEERI ne are

requiredcfior EBGeLORGRnARd thcnalowRe) ishid g Procsssasa thergibe a need to
provide a larger space in a clean room which has high utility cost, the

cost of fheeppbirshiongofadhieneviid sEldt hervimechi yhky , aBAJIPTREFELEs thus a
h 0 COSLcRLRR M LIO2RL g, WA RELALER Slobb covabstpl v,
have beesaaht empted diut ke peacandary, potisdimgpréosernegr foacworkp ece with
fover Tine particles having 2 piameter of partisplarly,gg peor more cannor
be y app p '

polishing can be performed while ensuring high flatness

over the entire surface of the workpiece, particularly

at its outer circumferential portion.

[0024]

Furthermore, the present invention provides a

polishing apparatus used for polishing a front surface

of a workpiece including a polishing pad attached onto a

turn table, a polishing agent supply mechanism for

supplying a polishing agent onto the polishing pad, and

the above-described polishing head of the present

invention as a polishing head for holding the workpiece.

[0025]"

When the workpiece is polished by using the

polishing apparatus including the polishing head of the

present invention, the workpiece can be polished while

uniform pressing force is stably applied across the

workpiece, and the polishing can be performed while

ensuring high flatness over the entire surface of the

workpiece, particularly at its outer circumferential

portion and inhibiting the generation of particles.

[0026]

In the polishing head of the present invention,

the base member that is coupled to the polishing head

12



obtained by this operation, whereas a certain degree of flatness and
polishing stock renoval uniforMty are ensured. [0030] In view of
this, the present inventors repeatedly and keenly conducted studies to
solve the problem The present inventor's investigation of the cause for
particle generation as to the conventional polishing head reveal ed the
foll ow ng maj or cause: the workpi ece damages the polishing pad due to the

frictiongbgloraechBhaahadialstdid estiPrhRPidied fEwen §heapokisgi ng pad
during polisShing; This causes excessive pollshhggaand articles are created
from t heapdl itbhi ngdpadatandudie tdradatded Peat i Tekaae eof heheafdeRed to the

wor kpi ece, _as descri bed above. Here, -t.he .radi di o) direction
in whi ch'the 88FFSHP%gCﬁga§C?oﬁé€% (%%%%Fu?f§§%%t%ﬁ?ﬁgéag?ggggﬁngation

di r ecti onsoprbkedear kpnecehe [RGF ImAoer resutdésofiaddidt tonambvst udi es, the
present inventors_conceived that a polishing base nenber olgs t he gui de
ring andiRoP@i A§iehe SLESISSL G 19% £ EHE e #evadl §2Ehr 8hghChead in

which thgothe mi,dplat @ Mehen s rupbed head-Redyoi 9EEenyNhead

body and is capable of moving in a radial direction
through the elastic film during polishing. As a result,
predetermined high flatness and high polishing stock
removal uniformity can be stably achieved in polishing
of a workpiece, and a workpiece with fewer fine
particles having a diameter of particularly 45 nm or
more can be obtained. The polishing head is also
operable in both of the rough polishing process and

final polishing process, thereby reducing cost.

BRIEF DESCRIPTION OF DRAWINGS
[0027]

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

FIG. 2 is a schematic top view showing an example
of the base member of the polishing head of the present
invention;

FIGS. 3 are schematic views showing another
example of the polishing head of the present invention;

‘FIG. 4 is a schematic view showing an example of
the polishing apparatus of the present invention;

FIG. 5 is a schematic view showing an example of a
conventional polishing head;

FIGS. 6 are schematic views showing another
example of a conventional polishing head, in which (A)
shows a schematic view of a conventional polishing head,

and (B) shows an enlarged view of a part of (A).

13



a radial direction applied fromthe polishing pad to be absorbed. The
present inventors -al so conceived that restricting the novenent of the base
menber in an axial direction by contact between a. part of the upper surface
of the base nenber and the polishing head body enabl es uniform pressing
force to be stably applied across the workpiece during polishing, thereby

bringing the present invention to conpletion. [0032] FIG 1is a
schemati c vi ewshow ngs ay exrepheief vibe pabishighgnheadngfld hef pr esent
i nvention. As shown in FIG 1, the polishing head 1 of the present

i nvent i ofonrentdesatheingbeesifie Mo istHONaPRAER €% t hat hol ds the rubber
film2, the b  ds_t i| id plate 4,
Hrm € aﬁf@ﬁeg‘?f% 8 éggémggﬁésv&t%% SURRAR o 'an}f?gldég%d%@m plate

and the guide T1hg- rovi ow the polishi'ng The
rubber fbEm2ceavensiahalleastl itsha noweradacengorti on and the side face

portion of the nid plate 4 aﬂd the outer circunferenti.al ortéfn of the
rubber film 2 75 he? diBy2t RELATGTpFate S¥. SROBb A e BRI Hg T he r ubber

film2 is,AgknkkBhbedsihgRatdicld Yol Fiixaapberathe; end of the outer
circunferential portion of the rubber film2 my be forned into an O-ring
shape and the O-ring part may be interposed and held between the md plate

4 and th EE@@%P%%g%ebFBE%ﬂ6§¥ ﬁ&yely, the md plate 4 may be confi gured

so that two ‘nenbérs are placed one above the other, and the O-ring part of
t he end ¢botlse rubber film 2 nmay be interposed and hel d between them

[ 0033] The annul ar guide ring 5 is_ disposed around the.rubber film
2. The back sufifheendftehe ﬁ@PQHﬁ@é%RNi%?tﬁﬂ%i?ﬁ???ﬂ?l%&%?ngé88 portion of

the rubbgr 1fi b Joukidieddie i dad ip8eSehe DRV EhBIohhesshde surface of the
wor kpi ece Wto prevent the workpiece Wfrom being detached during

pol i shi ngestrictetheé o ithstses etlealsprigies portion 6 surrounded by the rubber
film2 and the i d plate 4.is defined.As shown ims £l Gyl shigamid plate 4
plurality o roug ol és vertically Torned therern, and a fluid is
suppl i edoffr eRridpe fdessts yute sedir€i b oist wehe rapchanmsmy? pod itdheing
is performed with a double-side polishing apparatus
first, and secondary polishing is then performed with a
single-side polishing apparatus. In the secondary
polishing, the rough polishing process is performed
while maintaining high flatness ensured in the primary
polishing, and the final polishing process is performed
to mainly reduce particles. Since two different
polishing heads and a larger polishing machine are
required for the rough and final polishing processes,
there is a need to provide a larger space in a clean
room, which has high utility cost, the cost of the
polishing machine itself becomes higher, and there is
thus a high cost problem.
[0029]
The operation of the rough polishing process and
final polishing process by using the identical polishing
head have been attempted in the secondary polishing.
However, a workpiece with fewer fine particles having a

diameter of particularly 45 nm or more cannot be
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interior of the first seal ed space portion 6 so that the pressure of the
first seal ed space portion can be adjusted. The polishing head has a
structure that the rubber film2 is inflated by the supply of the fluid and
pressing force is applied to the back surface of the workpi ece Wheld on
the | ower face portion of the rubber film2. This structure enables uniform
pressing force to be applied across the workpi ece. [0034] When t he

wor Kpi eqeowh%ecﬁleﬂ)g, tRibagkkpatpad,i whpreher abloe mdiier etbded hef | ower face
portion of the rubber film2 to protect the back surface of the workpiece

W f1athee pasenderbei sBLR6| 85 otke rgoda Ir g B BHE ¥ - Si d plate 4. In
this case thedguide ring 5 is held such that the | ower surface of the

gui de ri%%sgr%oés not contact the polishing pad 32 during polishing. Wen

the gui dpoosmyg 5 is held in this manner, generation of particles fromthe

guide ring 5 due to pressing the polishin ad 32 by the ide ring 5
during poIisNﬁR;Y%ﬁWtﬁﬁkﬁ%&%ntEBg RHESSBgiEPBﬁngp héﬁﬁéﬁﬁe rface of the

gui de rié'ﬂd5kéén@2t cbhAlbedd BrRaritHsC Warlso Mien ket dib tnessrioé t he
wor kpi ece Wis 0.775 nm for exanple, the position may be set such that the
wor kpi ecer¥¢sutf angentolyéd spehiveiséd gardtarudes thomawmee | B¥8r surface of the

guide rin by 0.2 to 0.35 mm .[0035 T. omer 8 is di sposed
such tha?gfﬁéc¥8n938Frﬁgﬁppoﬁslfki%%5[%% v%)t$§%£% %$§sur?gce contacts
t he pol i sbhagrbeadibadyh3d, fand dwiepase) arenbers8: i shé heoebyieestricted to

nove in an axial direction (the direction_gﬁﬁt%e.rotati?g axi s of the
pol i shi ngaRedas. tHRi BoldshinG ibgr! SHibIteys W ot hP bt 2881 n§°F6Fceé™ to be

stably applLLadaacuoss khenariiiere Waring potishiag, pandduhgndor kpi ece W
can be therefore polished while stably ensuring predeterm ned high flatness
and hi ghppbdlisbhhgg $hock ceermmealeaatsolrve tgolisogey and particles

are created from the polishing pad; and the created

particles are then attached to the workpiece, ‘as

described above. Here, the radial direction means a

direction in which the polishing head rotates about its

rotating axis (a rotation direction of the workpiece).

[0031]

As a result of additional studies, the present
inventors conceived that a polishing head in which the
base member holds the guide ring and the mid plate
holding the rubber film and the base member is coupled
movably in a radial direction to the polishing head body
through an elastic film enables the frictional force in
a radial direction applied from the polishing pad to be
absorbed. The present inventors also conceived that
restricting the movement of the base member in an axial
direction by contact between a part of the upper surface
of the base member and the polishing head body enables
uniform pressing force to be stably applied across the
workpiece during polishing, thereby bringing the present
invention to completion.

[0032]
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The base nenber 8 is coupled to the polishing head body 3 through the
elastic film9. In the polishing head configured such that the base nenber
8 holding the md plate 4 and the guide ring 5 is coupled to the polishing
head body 3 through the elastic film9, the base nenber 8 can nove in a
radial direction through the elastic film9, and the frictional force in a
radial direction applied fromthe polishing pad 32 can be absorbed through
t he novenent af1d hel basea nesbenaBitcnvaewadhalvidigr eat iecamplle @l i shi ng pad

32 is thereby prevented from bei ng damaged by the workpi ece so that the
gener at i b€ oP© é?PFEHeEePPoﬁﬁtﬁ@ep@qgﬂ#bb FH82'YUlre to excessive fiction

can be inhibited 5,2 {gSptE, (hecwar kphees iWgwinhaf awess fime particles
having a diameter of particularly 45 nmor noré can be obtained. [0037]
As descrpbedenboveyesinoe tihelpolsssiihyg hédenffike dr esatMifvention can

polish th rkpiec il e .stably ensuring, pr t ] Lghefl at ness
and highpgaggsﬁihgagtgé Fe%@@mrqﬁéﬁﬁwé%¥$g%h r%dﬁ%g%gﬁgﬁgégiﬁe particles
havi ng atHhanebersot npakiib®elardiint® moreHome;d tieapel e shang head can be
used in both of the rough polishiqg process and fjnal oIisgi g rocess,

t her eby FeAuerhgecsing [%@o:@e;]o‘flde Peprw dehp P se3Pea9spse B ion 12
surrounded by the base nenber 8, the polishing head body 3 and the elastic
film9 can be forned and the second pressure adjustnment nechanism 13 for
adj usting the Phessubkeof fiha 2econersealted esppdceporkowmr 12aean be

provi ded. By.reducing.the pressure of the segco seal.e C rgion 12
with thep8§¥6ﬁa Bpgsg@ﬁes&ﬂ%hé%ﬁ%ﬁﬁ“ﬁ@%ﬁ% i%ﬁ1€§? ﬁﬁg %%g%vgu%'é%e of the
gui de riage5oGaB rbe imeia el i 4 gyvent Bsh fs DM ieontapberg ftile @ol i shing pad
32 during polishing, and the novenent of the base nmenpber 8 |n an axi al

di rect i ohScafilBebyuitdiey gcevdited. 4 { odsgiethod ofashahohhdi RPFIG 1, the
contact pAbbLan b4 pol eemdhey PR Lol 1hNB URARKISHI! aGkOfetdify hase menber

8 and the polishing he body can be configured such that the concave
portion tBei snprofi déc atuttdre qotdghfegeimedal bpdyt3oor offhéhisase nenber 8,

the perfect, sphere 11 is disposed in the concave.partiaon 10, t he part
of the uﬁﬁépegu%fljg‘ejzofna%ebeg %rrﬁ%%%?t%oﬁ?a& glgﬁeslﬁ%ﬁes%nﬁgn%eead body
through pheiper %%Qtt sRhene lihtANpesoat inel Neltihpecareavepomtidn my be

provi ded at both of the polishing head body 3 and the base nenber 8. These
pr ef er abPéa&enfli gidattingn Ramd|eapee Pase HedBert8VEbYnot8er &4 Iy nove in

2 radialgqg%%ptigﬁy|ﬂ%¥ggnfiguredT?8 Pﬁ%%eﬁﬁglﬁeﬁ%g@ﬁ'égetﬂﬁéégﬂfeCt
phere 1Iprovided iI's three or” nore considering wear of the perfect sphere
11 and t beel akeyveduthe hechmunmbexnd sthet Otk impegairy dr thheuleard of
the rubber film 2 may be interposed and held between
them.
[0033]
The annular guide ring 5 is disposed around the
rubber film 2. The back surface of the workpiece W is
‘held on the lower face portion of the rubber film 2
while the guide ring 5 is holding the side surface of
the workpiece W to pre%ent the workpiece W from being
detached during polishing.
The first sealed space portion 6 surrounded by the
rubber film 2 and the mid plate 4 1is definéd. As shown
in FIG. 1, the mid plate 4 has a plurality of through-

holes vertically formed therein, and a fluid is supplied

from the first pressure édjustment mechanism 7 to the
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FIG 2 is a schematic view show ng an exanple of a base nenber 8 having a
concave portion 10 fornmed into a ring shape and perfect spheres 11 di sposed
in the concave portion 10. As shown in FIG 2, a |arge nunber of perfect
spheres 11 are disposed to fill the ring-shaped concave portion 10. This
configuration inhibits the wear of the perfect spheres 11, extends its
lifetime, and nmakes the novenent of the base nenber 8 in a radial

directi opneasigr. off084%] first sAlatieihaidae) yportidu Ustsbeanahgtbe a dry
bearing can be used in the contact portion 14 between tgg%part of the upper

surface BFepRBrBasé Mmbrhér o tafdalifs FRAShIRRYF el T Waen t he

thrust beat] S U LA5thescan tion 14 gimeen dhecpart of the
upper su§§QE§QSP'thzﬁ aggl%gﬁ g gggﬁdﬁgﬁeapolishing head body 3, the

pol i shi nguhbad €anmbe nwr e nfdadidd/ ooristd tarel pyolistng &luddnend al |y
avai |l abl e bearing, and the base er,.8 can nore readil e in a radial
directioﬂrﬁﬁ?FBgtﬁQIﬁﬁVéﬁbﬁﬁx’3‘qﬁggbéggaﬁﬁﬁ%@rs%rfﬁcgnoéxgg direction can

be nore gyrebYeReeVEMAd JMamd hewHy hesd ipgrtSonsed, thei ruebance such as
| ubricant supply is not needed. [0042] As shown in FIG 1, when a

ri ng- shapedmgPeovBhis sErtstiee snabie comid@rpRiFON 19 BATERe upper

surface of the gﬁgr ang j provided at the | ower surface
of the ngi% iﬁg%ﬁ‘gae?abo yo% IS dﬁds%%%sfgejfaeééo' as to be engaged with the
groove 16poske novenent of the base nenber 8 in any direction except the

radial direction can be inhihited and th ressing force to.the workpiece W
can be therebywﬂﬁ?nFQ?ngﬂrﬁEF§c§tgbﬂf.Hﬁﬁf@rﬁ%ﬁ?%%¥§?gt%%dg%80ve 16 may be .

provi dedpat lohe phowelq s d 268 ofnd heopok i shkagpbeadod amdthke guide 15 to
be engaged with the groove nay be provided at the upper surface of the base

nenber Brubhergdiider B5 tandrdee e dove rsckanubéaprofitdéd S oget her with the
above conca&e.egﬁgwpn 10 and perfect sphere 11. Alternatively, either one

of thenlegrpéxanplé, the guide 15 and the groove 16 only may be provi ded.

The base member 8 holds the guide ring 5 and the
mid plate 4. In this case, the guide ring 5 is held
such that the lower surface of the guide ring 5 does not
contact the polishing pad 32 during polishing. When the
guide ring 5 is held in this manner, generation of
particles from the guide ring 5 due to pressing the
polishing pad 32 by the guide ring 5 during polishing
can be prevented. The position of the lower surface of
the guide ring 5 is not limited in particular. When the
thickness of the workpiece W is 0.775 mm, for example,
the position may be set such that the workpiece W
surface to be polished protrudes from_the lower surface
of the guide ring 5 by 0.2 to 0.35 mm. 7
[0035]

The base member 8 is disposed such that the
contact portion 14 in a part of its upper surface
contacts the polishing head body 3, and the base member
8 is thereby restricted to move in an axial direction
(the direction of the rotating axis of the polishing

head). This restriction enables uniform pressing force

17



[ 0043] FIG 3(A) shows anot her exanple of the polishing head of the
present invention. FIG 3(B) is an enlarged view of the vicinity of the
outer circunferential portion of the rubber film2 in FIG 3(A). As shown
in FIGS. 3(A) and (B), the outer circunferential portion of the rubber film
2 held by the md plate 4 is bifurcated in the polishing head 21. The first
seal ed space portion 6 is divided into a seal ed space portion 6a that

mai nly ceptget sthheyShep1sel ace @fs the: Mdkigiadee 47 amdr ingeal ed space
portion 6b that mainly contacts the | ower surface of the nlgaglate 4,

The presBatésbingheadiyitded wokkrdesed! st e da et 8b°i BOadpistanl e

i ndependent h . W o nessyr e adhystnmgRl nmechani sns
7a and 7§ﬂa?é0§gf8§§ e%%ﬂ%ﬁ{%%&ﬂg%%ﬁK%%?ﬁ%ﬂ?ng %#ocess, for exanple, the
pr essi nghf.ghceocafi shhegsealoetk spacergiordniofoBaittynt acti ng the side surface
of the md Blate 4 and the pressing force of the seal ed space portion 6b
contactiﬁ@0 Ré | ower surface of the mid plate 4 are adjusted to nmake the

shape of the werkphece Mihstere pal ishinied & tefe afd BIsipohg Sheag so that
the flatness of the polished workpiece Wat its outer circunferential

portion badybd mbrevdiprideedlastihel¥imad- poit SHagPPtbeREBI t he pressing
force of _the sealed space rti,on 6 i RY : f e seal ed
hgﬁgncggf%gu e %¢§ﬂ)ﬂhik ?h%gg?%§$m$%§§§ 8 hEQHﬁ%ﬁ?thkh

space por are 'se e equa e wor kpiece Wcan be
pol i shedmwiit b 1urief @r mrfd nale pplidhi ngngt Hecksreoopakdi woi thepl ane. This

o S ChonaPPe i FFatoRean SERTDI S G171 et pEPFPEnaE ARpAraPuS o he prosent
i nventioggisackuding ¢ heholdahi ng headqohit herpeesent chiveriyi ahe As
shown in FIG 4, the polishing apparatus 31 includes the turn table 33, the
pol i shi nglpadis2 ftlmachedhtghe her i ok honabl £038e tRe 2pdlA%iiing agent
32, " and GoeRCis Cthesor s h g hoda® B8 EHEd, BEENP T Bt on shown 11 P
1. absorbed through the movement of the base member 8 in a

radial directién. The polishing pad 32 is thereby

prevented from being damaged by the workpiece so that

the generation of particles from the polishing pad 32

due to excessive fiction can be inhibited. As a result;

the workpiece W with fewer fine particles having a

diameter of particularly 45 nm or more can be obtained.

[0037]

As described above, since the polishing head of

the present invention can polish the workpiece W while

stably ensuring predetermined high flatness and high

polishing stock removal uniformity and reducing the fine

particles having a diameter of particularly 45 nm or

more, the polishing head can be used in both of the

rough polishing process and final polishing process,

thereby reducing cost.

[0038]

The second sealed space portion 12 surrounded by

the base member 8, the polishing head body 3 and the

elastic film 9 can be formed and the second pressure
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[ 0046] When t he workpi ece is polished by using the polishing
apparatus including the polishing head of the present invention, the

wor kpi ece can be polished while uniformpressing force is stably applied
across the workpiece, and the polishing can be performed while ensuring

hi gh flatness over the entire surface of the workpiece, particularly at its
outer circunferential portion and the generation of fine particles having a

di amet eraa§ueaﬁl&h@%@ewn&émnm3orforfora%1ji®ﬂinh;: bitt e do r E3AMPE Eo £0047)
The present invention will be nore specifically described bel ow with
r ef er enceheosesangl esadrd CoREEr RONFE Bx dridp| @ e RFRVpFedentBYnvention is

not limted to these exanples. g§§gﬂ¥l : Fi : p-type,
300 nn1df3%% éPQS? chﬁeggﬁéﬁb‘%$3§§%| I ngo %%%%%% E a%?i%%?%%?%n of <100>
and a respsiivht yhef s8condld rQemumd |2t iytidre: Grochaai ski 1Aet hbe was
sliced into thin disk-shaped wafers. Chanferin rocesses re performed on
the out efO8BFeSUSE ke Maftdits %G 95t Ve 1 He? r%o¥?oﬁP5§ﬁﬁg br oken and

Chipped’p§@9ehﬁggjng&r@%ﬁ%%%%ﬂﬁg‘%Hémﬂbfﬁgﬁﬁﬁﬁﬁgad 32 during
polishing, and the movement of the base member 8 in an
axial direction can be surely prevented.

[0039] _

As shown in FIG. 1, the contact portion 14 between
the part of the uppér surface of the base member 8 and
the polishing head body 3 can be configured such that
the concave portion 10 is provided at the polishing head
body 3 or the base member 8, the perfect sphere 11 is
disposed in the concave portion 10, andvthe part of the
upper surface of the base member contacts the polishing
head body through the perfect sphere 11. Alternatively,
the concave portion may be provided at both of the
polishing head body 3 and the base member 8. These
preferable configuration enables the base member 8 to
more readily move in a radial direction.

[0040]

The preferable number of the perfect sphere 11
provided is three or more considering wear of the
perfect sphere 11 and the like, but the numbef is not
limited in particular.

FIG. 2 is a schematic view showing an example of a
base member 8 having a concave portion 10 formed into a
ring shape and perfect spheres 11 disposed in the
concave portion 10. As shown in FIG. 2, a large number
of perfect spheres 11 are disposed to f£fill the ring-
shaped concave portion 10. This configuration inhibits

the wear of the perfect spheres 11, extends its lifetime,
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to flatten the wafers. Next, etching processes were perforned to renove
strain by machining remai ning on the surfaces of the | apped wafers. Both of
the front and back surfaces of the wafers were doubl e-side polished. The
.chanfered portions were al so polished. The thicknesses of the wafers were
each adjusted to be 0.775 nmm [0049] A silicon wafer was polished
with the polishing apparatus of the present invention shown in FIG 4,

i ncl udi ngn & he, poki shingobeadnef okhenpr gsert mempent ionshowedeFI G 1. The
used polishing head was configured as follows: a boot-shaped rubber film

made of dirécbhen76ahagirng a thickness of 1 nm a |ower face portion

di anet er 8@ 1 mm a height of 6.5 mm and an end portion that was forned
into an b- ?n shape (a dianeter of 2 nm and defined a dianmeter of 289 mm
was i nt er posed argh- et tvdbey yweenthhesbasearenbep ramd drtve beat- iplaat e. A
circul ar backing pad was_adhered to the | ower face portion of fhe rubber -

filmwt®ea BBuBFEdsinckbeasentegdsEPr tion I RsvEre™ a4 3% Ba7Fi ng havi ng
an i nner . gi @{Iﬁéﬁgg% 302 FARMRE dinePesad Moyl theasabbes film and

attached to se nmenber. The inside of a ring-shaped elastic filmwas
att achedpbdiahfingetderidngposlyaped porti on of the base nenber, and the perfect

sphere was inserted intp the ring_shaped A i i ded at the
upper surface%@?e?hgh%a Efﬁéﬁbé?gr+ﬁg 6St§%%§9é$1?ﬁg;éﬁgg%%gyfiIn1was
att achedpbetachi xedpkithgeshaped gpard ich wfe tigpeol sshfageheddtbedy.

When a vacuum was produced in the second seal ed %gage ggrtion surrounded by
the pol i BAFRGTABRE ThSdPNct Ad S lbasthi 19 Reahde? as&frenber and the base

menber  ¥Bs: BRoughh oLl & LOM Al M Uik ddie patésbi ngubeadphody ity ough t he
perfect Sphere, the di stance between the lower surface of 'the gui de ring
and the surbavercfiaflly poldishiie geehfield, windi Bhe. PEsAneBLer3¢ mMm The

nLoknss R ptt QUGB 1S 20 el L advapsey! Qpadkistdhe horght o
The roughoaBdechitnalr pold $higty masessesinese peibor dedeict itme daol | owi ng
ey ThebgO%%Qep%ﬁ;ﬂ?;u%égggﬂéégpsﬁﬁég §§2(§?§r£g§9ing is used,
maintenance such as lubricant supply is not needed.
[0042]
As shown in FIG. 1, when a ring-shaped groove 16
is formed at the contact portion 14 on the upper surface
of the base member 8 and a guide 15 provided at the
lower surface of the polishing head body 3 is disposed
so as to be engaged with the groove 16, the movement of
the base member 8 in any direction except the radial
direction can be inhibited and the pressing force to the
workpiece W can be thereby maintained more stably.
Alternatively, the groove 16 may be provided at the
lower surface of the polishing head 3 and the guide 15
to be engaged with the groove may be provided at the
~ upper surface of the base member 8. The guide 15 and
the groove 16 can be provided together with the above
concave portion 10 and perfect sphere 11. Alternatively,

either one of them, for example, the guide 15 and the

groove 16 only may be provided.
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bel ow. <Rough Pol i shi ng> A polishing pad of a pol yester nonwoven
fabric including urethane resin (an ASKER C hardness of 60) was used. A

10. 5-pH al kali solution containing colloidal silica was used as a polishing
slurry. The polishing head and the turn table were each rotated at 30 rpm
The polishing pressure to the wafer was set to 15 kPa for the rough
polishing. The polishing tinme was three m nutes and two stage polishing was
performedo0ogB8052] The final polishing conditions will be described bel ow.
<Fi nal Polishin

suede type polishing (an ASKER C hardness of
57) was used. 9%6 BF@&IEQPWSsdpﬁFﬁdﬁ B ﬂfﬂﬁ$9(ﬁQé; t?9ca was used
as a fingkaRolirsRiAg o3t l-lfhﬁ‘erp@ld&h' g dead m|nd; 4 hen taknakgble were

each rotated at 20 rpm The polishing pressure to the wafer was set to 10
kPa. Thevﬁewalofpcthesmlmgnm pve?ftdmre@pt@x @M@mﬁﬁnanésal[ 0053]

Crem ol ELEN10 L9eSES vEr, Rord oo as Shepntng hgrohe 11 nel

esses S con alning a

cl eani ng FIIG>SQd 35@l)utdren @f) afﬂmlc&uw\@i etif@8ffcrbydiagepopernox des wat er
(30%, and pure water with a volume m x proportion of 1:1:10 and one tank

contalnlﬁ&ea oS @j%ﬁ)&uﬁ%&ﬁLHYd%h%fthdP%%E?oﬁlésaéﬂdu€f@@f hydr ogen
per oxi de; vatgl, (30%en A0 1pure HBt errl t 2 0) LTEcTi XoREgPOT L on of

1:1: 100 were us as c ution tanks for cleaning under conditions
of a tenp@mﬂmmefbﬁiﬁ5ﬁnﬂdh¢1Immm ¢ i seabédt hpaeenpputéson Washhat wat er and
- drying M%Je H@e%d%'gdégjéhe side surface of the mid plate 4 and
a sealed space portion 6b that mainly contacts the lower
surface of the mid plate 4.

The pressure of the divided two sealed spaces 6a
and 6b is adjustable independently of each other with
the first pressure adjustment mechanisms 7a and 7b.
[0044]

In the rough polishing process, for example, the
pressing force of the sealed space portion 6a contacting
the side surface of the mid plate 4 and the pressing
force of the sealed space portion 6b contacting the
lower surface of the mid plate 4 are adjusted to make
the shape of the workpiece W before polishing flatter
after polishing so that the flatness of the polished
workpiece W at its outer circumferential portion can be
more improved. 1In the final polishing process, the
pressing force of the sealed space portion 6a and the
pressing force of the sealed space portion 6b are set to
be equal so that the workpiece W can be polished with
uniform final polishing stock removal in its plane.

This enables uniform surface roughness in its plane.
[0045]
FIG. 4 shows a schematic view of an example of the

polishing apparatus of the present invention including
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After the cleaning processes, a particle counter (SurfscanSP-2 nade by

KLA- Tencor Co., Ltd.) was used to neasure particles, and the nunber of the
fine particles having a dianeter of 45 nmor nore was neasured by

measur enent under hi gh resol ving power conditions. [0054] The
pol i shing stock renoval uniformty of the wafer was then eval uated. The
pol i shing stock renoval uniformty was obtained by neasuring the

t hi cknessas pbltbaiwgr kpiaece heafher e ragxkraf tiatveot ishi ng at equal to or nore

t han 1000 neasurenent points in a region_ex Ludiggaan out ernost -
-ci rcunferenti S pdReYBni2 Fhfwi dent 'Pﬁ%&%&ﬁ%& BATEYUR nmess neasur ement

| nstr umelh o ACEX ¢Sy isahle 3] aaf Al er s 8ql abiabbng pol i shing stock
renoval at the measurenent points in the region of the wafer, and using the
f ol | owi ngttechedaonto the RolrrsHialgl &Stk Feeroval ishifer AUERT( 99 - (maxi mum

polishing stock renoval - i ni mum paldishing stock_ r % a ge

bol | shi ng BpaekmeEaan ok bl era e SEoehE Dy Fapaty Lrtd

Ref erri nghtopbablseihgshew rep t hehd esudt sas thiee npabeshohgpaekiclies having a
di ameter of 45 nmor nore in the polished wafer was five. The polishing
stock reRbviRCuRIFESERt RN A OD oghown 1n FiGwgd-thus seen that the nunber
of'partiqb@§6was greatly reduced while ensuring high polishing stock
renoval uniformty in Exanple 1 as conparison with the results of
Conpar ati ve Ex@nphethe workpdedesdrs lped iathok, by tusvasg coaei rmed that the

pol i shin ead .of the present, inveniion and the polishing apparatus

i ncl udi ngoﬁﬁégp‘;&ﬁ %pr?g‘%?ﬁéjasd Ht %?r;lerﬁ%b‘f}éei Iﬁog%? 8 Fﬁé‘%r SEg%hpem i shing
process prdskihkali nRRINtSIHMY tHORSSkp Lade achhere pbedehedniwingd ehi gh

fl atness and hi gh polishing stock removal uniformty, and can obtain a
wor kpi ec ENHEORT ke Sinde TRtres ol esS R Ng2BP i 8HefEFO6F 45 m or nore.

[ 0056] (géQ%BH%c%l and the polishing can be performed while
ensuring high flatness over the entire surface of the
workpiece, particularly at its outer circumferential
portion and the generation of fine particles having a

diameter of particularly 45 nm or more is inhibited.

EXAMPLE
[0047]

The present invention will be more specifically
described below with reference to Examples and
Comparative Example, but the present invention is not
limited to these examples.

[0048]
(Example 1)

First, a p-type, 300 mm diameter silicon single
crystal ingot having an orientation of <100> and a
resistivity of 8 to 12 Qcm pulled by the Czochralski
method was sliced into thin disk-shaped wafers.
Chamfering processes were performed on the outer edges
of the wafers to prevent the wafers from being broken

and chipped, and lapping processes were then performed
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The rough polishing and final polishing were consecutively perfornmed on
silicon wafers as with Exanple 1 with the polishing head of the present
invention including the first seal ed space portion divided into two seal ed
spaces, shown in FIG 3 and the polishing apparatus of the present
invention, shown in FIG 4. After cleaning, the sane eval uation as Exanple
1 was carried out. Polishing conditions and so on will be described bel ow
<Rough Pabi shiefgzn the waAqxd. shieng pad ddfimy podoymstsss noameven fabric

i ncl udi ng urethane resin (an ASKER C hardness, of 600) .was used,. A 10.5 pH

al kal i sBFEEPEMSCorCaitiRy e 1T HarY SFHFRERE HRBat8<g BBI &R ng

slurry. The rRekisskinghead andy therd se 0 tiahlie yereeachohot ahgd at 30 rpm
The polishing pressure to the front surface of the wafer was set to 15 kPa

and t he pelckslsiundg apress sufr e Wa e s$ decval dolate-ahde 1pokpahedr t he rough

polishin Th i.shing tine was fhree mnute dt stage polishing was
perforneghe< %ﬁﬁgqﬁﬁqsﬁﬁﬁﬁﬁQHS Wereﬁ??ﬁ% 8%§%%g§blis ?ng pad (an ASKER C
har dness tofi xARs seas disathe Avalfe pH wd k&l Eashl gt aptedantai bien@ .@ald oi dal
silica was used as a final polishing slurry. The polishing head and the
turn tabFF&-were each rotated at 20 rpm The polishing pressure to the front
surface q%oggq wafer was set to 10 kPa and the polishing pressure to its

side wall” face was 10 kPa. The final polishing was performed for 3 nminutes.
A silicon wafer was polished with the polishing

apparatus of the present invention shown in FIG. 4,
including the polishing head of the present invention
shown in FIG. 1. The used polishing head was configured
as follows: a boot-shaped rubber film made of silicone
70° having a thickness of 1 mm, a lower face portion
diameter of 301 mm, a height of 6.5 mm, and an end
portion that was formed into an O-ring shape (a diameter
of 2 mm) and defined a diameter of 289 mm was interposed
and held between the base member and the mid plate. A
circular backing pad was adhered to the lower face
portion of the rubber film with a double-stick tape.
[0050]

Moreover, a guide ring having an inner diameter of
302 mm was disposed around the rubber film and attached
to the base member. The inside of a ring-shaped elastic
film was attached to a fixed ring-shaped portion of the
base member, and the perfect sphere was inserted into
the ring shaped concave portion provided at the upper
surface of the base member. The outside of the elastic
film was attached to a fixed ring-shaped portion of the
\polishing head body.

When a vacuum was produced in the second sealed.
space portion surrounded by the polishing head body, the

elastic film, and the base member and the base member
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[ 0057] Referring to Table 1 showing the results, the nunber of
particles having a dianeter of 45 nmor nore in the polished wafer was two.

The polishing stock renmoval uniformty was 6.3 % The polishing stock
renoval uniformty in Exanple 2 was thus inproved in Exanple 2 in
conparison with Exanple 1. It is understood that the pressing force

across the workpi ece Wcan be nore effectively nade to be uniform by

pressuri pgst Beougher iiek Ofcdnfte ealiath spac POt §h Diy ceasacbbag the side
surface of the md plate to adjust the pressing force to the outer

ci rcunf efbrpuah fdet Pew foictt Phadidpitdee WIFPLER PotghepoFishi ng
br ocesses,,, (058« (QoNRarl] Ve, A €) ang cnEOUGPEpOLI SBi Bg T nal

pol i shi ng, and cl eani ng processes were ormed on silicon maFers in the
sanme congbiliehdngs phxafipld Irviestciept0 f25 msitg @ h&0 comvenihenal polishing

appar at us_incl udi ng the conventional polishing head as shown in FIG 8. The
sane evaFB&F&BﬁS§S%§X§%ﬁ1@ufdkn¥%ﬁﬂr Y %%iggteg in $HZ2{SEd EHol i shi ng

head 111.w8$ s¢ORhicdWeaAS Joldmwsiurbd PEaLRSsd 148 apdedldbeeach having a
uniform polishing stock removal. |
[0051]

The rough and final polishing processes were
performed in the following way.

The rough polishing conditions will be described
below.
<Rough Polishing>

A polishing pad of a polyester nonwoven fabric
including urethane resin (an ASKER C hardness of 60°)
was used. A 10.5-pH alkali solution containing
colloidal silica was used as a polishing slurry. The
polishing head and the turn table were each rotated at
30 rpm. The polishing pressure to thé wafer was set to
15 kPa for the rough polishing. The polishing time was
three minutes and‘two stage polishing was performed.
[0052]

The final polishing conditions will be described
below.
<Final Polishing>

A suede type polishing pad (an ASKER C hardness of
57°) was used. A 10-pH alkali solution containing
colloidal silica was used as a final polishing slurry.
The polishing head and the turn table were each rotated
at 20 rpm. The polishing pressure to the wafer was set
to 10 kPa. The final polishing was performed for three
minutes.

[0053]
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t hi ckness of 3 nm and an outer dianmeter of 293 mm were coupled to each
other with a bolt; and a boot-shaped rubber film 112 nade of silicone 70
having a thickness of 1 nm a |ower face portion dianmeter. of 301 mMm a
hei ght of 6.5 mm and an end portion that was fornmed into an O-ring shape
(a dianeter of 2 nmm) and defined a dianeter of 289 nm was interposed and
hel d between the md plates. [0059] A circul ar backing pad was
adhered to thecheawetaf ackepotihijoprotethesr uielrer pleidfmrid it h a

doubl e-stick tape. The inside of a ri,ng-shaped elastic film-119 was
at t achedt62PABINPE tHIFatartd e Bt bt the & easCfl“%:mfci:?]r‘ln was attached

to the guidantihBgpltlseaieshe iR itding hnac bodyg s deLedhengui de ring 115
having an inner "diameter of 302 nmm was di sposed around the rubber film and
at t achedmtizetheopaltiioni of ewbrdcdyvars: (28%) , Thedhedght PEFOERE ol i shi ng

head bod S. adjysted_such th ' C t guern osur face of
the gui déa Fﬁgat%fgﬁanéntoﬁ YUt gaac%er}gf&%a%oﬁs |%§ﬁg§d5?8h vm'ltohi n 0.25 mm
to 0.30 sm 1The 1posind @nheoftamistapperidildy wasc hdpnshgdmsuel t hat t he hei ght

of the rubber filmwas adjusted so as_t nsure uni form polishi ng stock
renoval . SOLOGeoR ©f hyqiéafcé'iflrc?lﬁgct%cﬁ%b&eg‘l) %Mﬁﬁﬁgisﬁep §§’lﬁ<ﬁdse, t he nunber

of partighes hawiong a JiAMmILS Picdd PRRraMEeuns ke pebipshed amfer was
107. The polishing stock renmoval uniformty was 6.9 % I

. n
Conpar at iove 1EXamplle wetttusisahea hushemioil paptveles wasks dodstical ly

deteriorated val ue of 107, ereas the polishing . sto 8 iformt
was appr GxieiEtE g it ézrcins%ﬂtjv\??% a?rBJF%mE?rf\gBéT] %1&'agl%ge\{)§hdugl Y

takt time of three minutes. Wash in water and drying
were then carried out.

After the cleaning processes, a particle counter
(SurfscanSP-2 made by KLA-Tencor Co., Ltd.) was used to
measure particles, and the number of the fine particles
having a diameter of 45 nm or more was measured by
measurement under high resolving powef conditions.
[0054]

The polishing stock removal uniformity of the
wafer was then evaluated. The polishing stock removal
uniformity was obtained by measuring the thicknesses of
the workpiece before and after polishing at equal to or
more than 1000 measurement points in a region excluding
an outérmost circumferential portion 2 mm width, with a
commercial flatness measurement instrument for exclusive
use of silicon wafers, calculating polishing stock
removal at the measurement points in the region of the
wafer, and using the following formula.

Polishing Stock Removal Uniformity (%) = (maximum
polishing stock removal - minimum polishing stock
removal) / (average polishing stock removal in all the
measurement points)

- [0055]

25



POLI SHI NG STOCK REMOVAL UNI FORM TY M NUMBER OF PARTI CLES (NUMBER) EXAMPLE
7, 1

Referring to Table 1 showing the results, the
number of particles having a diameter of 45 nm or more
in the polished wafer was five. The polishing stock
removal uniformity was 7.1 %.

It was thus seen that the number of particles was
greatly reduced while ensuring high polishing stock
removal uniformity in Example 1 as comparison with the
results of Comparative Example.

As described above, it was confirmed that the
polishing head of the present invention and the
polishing apparatus including the polishing head are
operable in both of the rough polishing process and
final polishing process, can achieve predetermined high
flatness and high polishing stock removal uniformity,
and can obtain a workpiece with fewer fine particles

having a diameter of 45 nm or more.

[0056]
(Example 2)

The rough polishing and final polishing were
consecutively performed on silicon wafers as with
Example 1 with the polishing head of the present
invention including the first sealed space portion
divided into two sealed spaces, shown in FIG. 3 and the
polishing apparatus of the present invention, shown in
FIG. 4. After cleaning, the same evaluation as Example
1 was carried out.

Polishing conditions and so on will be described
below.
<Rough Polishing>

A polishing pad of a polyester nonwoven fabric
including urethane resin (an ASKER C hardness of 60°)

was used. A 10.5 pH alkali solution containing
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EXAMPLE 2 6. 3 2 COVPARATI VE EXANPLE 6. 9

colloidal silica was used as a polishing slurry. The
polishing head and the turn table were each rotated at
30 rpm. The polishing pressure to the front surface of
the wafer was set to 15 kPa and the polishing pressure

to its side wall face was 17 kPa for the rough polishing.
The polishing time was three minutes and two stage
polishing was performed.

<Final Polishing>

A suede type polishing pad (an ASKER C hardness of
57°) was used. A 10 pH alkali solution containing
colloidal silica was used as a final polishing slurry.
The polishing head and the turn table were each rotated
at 20 rpm. The polishing pressure to the front surface
of the wafer was set to 10 kPa and the polishing
pressure'to its side wall face was 10 kPa. The final
polishing was performed for 3 minutes.

- [0057]

' Referring to Table 1 showing the results, the
number of particles having a diameter of 45 nm or more
in the polished wafer was two. The polishing stock
removal uniformity was 6.3 %.

The polishing stock removal uniformity in Example
2 was thus improved in Example 2 in comparison with
Example 1.

It is understood that the pressing force across
the workpiece W can be more effectively made to be
uniform by pressuring the interior of the sealed space
portion contacting the side surface of the mid plate to
adjust the pressing force to the outer circumferential
portion of the workpiece W in the rough polishing

processes.

[0058]
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10 7 [0062]

It is to be noted that the present invention is not

limted to the foregoi ng enbodi nent. The enbodinent is just an

exenplification,

and any exanpl es that have substantially the sane feature

and denonstrate the sanme functions and effects as those in the technical
concept described in clains of the present invention are included in the
techni cal scope of the present invention. CLAIMS 1.A polishing head
conpri si igompadiaskvehd@pxedhptied pl at e provi ded bel ow a polishing head body;

rubber filmth
portion of the

R

t C

.at .1 t.al f ' ide f
AR PR i RE’r e Fth DAy HEl G B TR o pl ate: an

annul ar - gode sfsieRd wiele RRlidWhnad Sdiles BUTd@cewafeaswonkpheceankhe gui de
ring being disposed around the rubber film a first seal ed space portion
sur r ound€@NIGy tile@sniad plxamP hd t9ECeRBOEP T fRF R 9ahB®a first pressure

adj ust e, gechanl: s fon Adl 8] | 10, PELSIUT n0f uhlbgyf LrSt seal ed space

portion by supplying

nterror of the first seal ed space

portion, conventional polishing head as shown in FIG. 8. The

same evaluation as Example 1 was carried out.

The used polishing head 111 was configured as

follows: mid plates 1l4a and 11l4b each having a

thickness of 3 mm aﬁd an outer diameter of 293 mm were

coupled to each other with a bolt; and a boot-shaped

rubber film 112 made of silicone 70° having a thickness

of 1 mm, a lower face portion diameter of 301 mm, a

height of 6.5 mm, and an end portion that was formed

into an O-ring shape (a diameter of 2 mm) and defined a

diameter of 289 mm was interposed and held between the

mid plates.

[0059]

A circular backing pad was adhered to the lower

face portion of the rubber film 112 with a double-stick
tape. The inside of a ring-shaped elastic film 119 was
attached to the mid plate and the outside of the elastic
film was attached to the guide ring 115 on the polishing
head body side. The guide ring 115 having an inner
diameter of 302 mm was disposed around the rubber film
and attached to the polishing head body 113.

The height of the polishing head body was adjusted
such that the distance between the lower surface of the
guide ring 115 and the surface of the polishing pad fell
within 0.25 mm to 0.30 mm. The position of a stopper
118 was adjusted such that the height of the rubber £ilm
was adjusted so as to ensure uniform polishing stock

removal.
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t he polishing head being configured to hold a back surface of the workpiece
on a |lower face portion of the rubber film press the workpiece with the
first pressure adjustnent nechanism and bring a front surface of the

wor kpi ece into sliding contact with a polishing pad attached onto a turn
table to polish the workpiece, t he polishing head including a base
menber coupled to the polishing head body through an elastic film the base
menber hobdsog the guide ring and the md plate such that a | ower surface
of the guide ring does not contact the polishin ad duri pol i shi ng,

wher ei n Reherpase H@n%éPlPslrégPWFéﬁé&hﬁbqﬁ%Ugifﬁ éﬁgﬁxial di rection
by contaglBELween 2 arh «f Ak uRpel euilace: oz the hassmasber and the
pol i shi ng ﬁea bod$ and is capable of noving in a radial direction through
t he el asthcthel poddsiheg pelfieshiveg 10 The Tod isshli rgh Heddsaeebrding to claim
1, wherein a cgntac% por.ti on bet n the part of the upper surface of the
base menbEFCYAG LR THS SR A hexd bbdy is configured such that the part of
the upper surfagecehpthetbase Exambak ,cemact sHhepibéshofig head body

t hrough a perfect spﬁere di sposed in a concave gorti n pr%vi gd at the

pol i shi nganéaglesdyasnd siratiel Glsy isiERF1orat %gagaﬁ 8 -a@ Mead
accordin l.ai.m .1 Gl t I nel yudi isecqnd seal ed space
portion %gégﬁggnggE 6§hf%£ Iﬁ%éﬂﬁ% é&%ﬁ?%ggpgﬁ?gﬁfﬁg ﬁgad body and the

el asti c Bpmoxichad esegorbrrasisive ailf ustxanplaedhani sm for adjusting
pressure %f ng second seal ed space portion. 4. The polishing head
accordind P8 ny one of clains 1 to 3, wherein a thrust bearing or a dry
bearing i(gzu3ediiyn the contact  portion between the part of the upper
surface of the base nenber and the polishing head body.

POLISHING STOCK REMOVAL| NUMBER OF PARTICLES
UNIFORMITY (%) (NUMBER)
EXAMPLE 1 7. 1 5
EXAMPLE 2 6. 3 2
COMPARATIVE EXAMPLE 6. 9 107

[0062]

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 those in the technical concept
described in claims of the present invention are

included in the technical scope of the present invention.
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5. The polishing head according to any one of clains 1 to 4, wherein an
outer circunferential portion of the rubber filmheld by the md plate is
bi furcated such that the first seal ed space portion is divided into two
seal ed spaces, and pressure of the divided two seal ed spaces is adjustable
| ndependently of each other. 6. A polishing apparatus used for polishing a
front surface of a workpiece including a polishing pad attached onto a turn
tabl e, a polishing agent supply nelraiism for supplying a polishing agent
onto the polishing pad, and the polishing head according to any one of
claine 1 to 5 as a polishing head for hol ding the workpiece.

1. A polishing head comprising: a disk-shaped mid
plate provided below a polishing head body; a rubber
film that covers at least a lower face portion and a
side face portion of the mid plate, the rubber film
being held by the mid plate; an annular guide ring for
holding a side surface of a workpiece, the guide ring
being disposed around the rubber film; a first sealed
space portion surrounded by the mid plate and the rubber
film; and a first pressure adjustment mechanism for
adjusting pressure of the first sealed space portion by
supplying fluid to the interior of the first sealed
space portion,

thé polishing head being configured to hold a back
surface of the workpiece on a lower face portion of the
rubber film, press the workpiece with the first pressure
adjustment mechanism, and bring a front surface of the
‘workpiece into sliding contact with a polishing pad
attached onto a turn table to polish the workpiece,

the polishing head including a base member coupled
to the polishing head body through an elastic film, the
base member holding the guide ring and the mid plate
such that a lower surface of the guide ring does not
contact the polishing pad during polishing, wherein

the base member is restricted to move in an axial
direction by contact between a part of an upper surface
of the base member and the polishing head body and is
capable of moving in a radial direction through the

elastic film during polishing.

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

contact portion between the part of the upper surface of
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the base member and the polishing head body is
configured such that the part of the upper surface of
the base member contacts the polishing head body through
a perfect sphere disposed in a concave portion provided

at the polishing head body and/or the base member.

3. The polishing head according to claim 1 or claim 2,
further including a second sealed space portion
‘surrounded by the base member, the polishing head body
and the elastic film and a second pressure adjustment
mechanism for adjusting pressure of the second sealed

space portion.

4. The polishing head according to any one of claims
1 to 3, wherein a thrust bearing or a dry bearing is
used in the contact portion between the part of the
upper surface of the base member and the polishing head

body.

5. The polishing head according to any one of claims
1 to 4, wherein an outer circumferential portion of the
rubber film held by the mid plate is bifurcated such
that the first sealed space portion is divided into two
sealed spaces, and pressure of the divided two sealed

spaces is adjustable independently of each other.

6. A polishing apparatus used for polishing a front
surface of a workpiece including a polishing pad
attached onto a turn table, a polishing agent supply
mechanism for supplying a polishing agent onto the
polishing pad, and the polishing head according to any
one of claims 1 to 5 as a polishing head for holding the

workpiece.
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