'DESCRI PTI ON POLI SHI NG HEAD AND PQOLI SHI NG APPARATUS TECHNI CAL FI ELD [ 0001]
The present invention relates to a polishing head for holding a workpiece
when the front surface of the workpiece is polished and a poli shi-ng
apparatus provided with the polishing head, and nore particularly to a
pol i shing 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 subE&C8I@TI&Nwor kpi ece such as a silicon

waf er, there are a single-side polishing apparatus, in which the workpiece
i s polished by each side, and a doubl e-side polishing apparatus, in which

the both surfaces Rfy, AIEWOr kS CaNEr BoROs i shednabakheusane time.

TECHNICAL FIELD
[0001]

' The present invention relates to a polishing head
for hélding a wofkpiece>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 apparatus for polishing a surface of a
workpiéce such as a silicon wafer, there are a single-
side polishing apparatus, in which the workpiece is
polished by each- 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 24
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.



As shown in FIG 9, for exanple, a common single-side polishing apparatus
conprises a turn table 93 onto which a polishing pad 94 is attached, a
pol i shi ng agent supply nechani sm 96, a polishing head 92 and so on. This
pol i shi ng apparatus 91 polishes a workpi ece Wby hol di ng the workpi ece W
wi th the polishing head 92, supplying a polishing agent 95 onto the
polishin? ﬁg% 94 t hrough the polishing agent supply nmechanism 96, rotating
both thelf ltable 93 and the pol i shing head 92, and bringing the front
surface of theyywerkpigae i Wil tSlindigFg Q@Mtaen Mt tdedhee polhshing pad 94.
[ 0003] Wth high integration of electronic devices in recent years,
optical [echogr asiay spr cedsisesl aritlpegfapmede BACSFFEEoATRal er substrates

Wi th smaller fealiles . and. i i | inewdibs gienl sagiiban or equal to 45
nm The SRFiNKing of feature si ZeS i s bel'ng advanced. %ere is therefore an
i ncr easi gafeeedsf,orard ghilnirfdmtlenedssdthcoarwaless. than orTleeudlat ness of
a workpi ece such as a silicon wafer_is finalh%hdeternined in a single-side

pol i shi n§pASc&®s. Thet B ipdess OF deat ek HotF$dr 1 RoP8iAY t he wor kpi ece

to inmproyebhedd at Aesse tiRene d s & ethod ofrad s 26hi Retiheowor kpi ece onto
a flat disk-shaped plate having high rigidity through an adhesive such as a

wax. Par hiighllar B agiemadcidokiepol vahéng- st ock renoval is needed for the
entire surface,of e.workpi ece, a so-calle bber - c thod is used in
Tg|e| %}Eﬁgn&ég’d O, S aa wv\%r%%)lece ﬁ(;{,(l)(f,l'y gg a Q?fjk.cgﬁ

whi ch a rubber I Kpi ece- di ng portion I'nstead of the
di sk- shapedep! ate Miavd gy igte fphedt yn a piagierisied fdoliidisirch as air is
poured into the back face of the rubber film and the bber filmis

i nf | at ed PEPCE S$ni f6@mt;§1rless§mceﬁﬁasa%oaﬁp%%%O@hEOﬁoPRBHéeg t&%ard the

pol i shi ng pad,;(See Ratept, PRCUIRDt £ 1, fE seX@ABLR) 4 Q0QMthod of AN

exanpl e of the structure of a conventional polishing head by the
r ubber - chudle anetrlipdliss wahlepae ¢eadbhyoshofhaicn dksG-shapsd aslseir i al

oLyt ur o skhe 2ol 0L 0. I, 402 1eludg 80 AW JJ 84,1409 105, @
to the ripgird ifrduich A103. wieis eah o sRape1186ing @debied-dmotdie ¥sgid ring 103,
the rubber film 102, and the md plate 104. An annul ar

needed for the entire surface of the'workplece, 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 workpiece

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



tenplate 105 i s provided concentrically with the rigid ring 103 in a

peri pheral portion on a |lower face portion of the rubber film 102. The
pressure of the space is adjusted, for exanple, by supplying a pressurized
fluid with a pressure adjustnment nechani sm 107 in the center of the md

pl ate 104. A pressing neans, not shown, for pressing the md plate 104 in
the direction of the polishing pad 132 is r%ﬁded. éog\gS] . Wth the
pol i shi n§eABAA 01 oS QARBE T dHREED t FreChbr kpl et FsTHEME on the

| over fagen ﬁb@OQthiH;Eifﬁﬁgﬁglfﬁéﬁ%ﬂ&@_éﬂrQUQBw@rbﬁﬁ&bn?oQQQO%081 an
edge portion of the workpiece Wis held with the tenplate 105, and the

wor kpi ecef\Wtaed ritdatrenfpllat el QD5 dthe hotds Drorighf Five oSBT di h§ contact with

the pol i shi, 2 att d anto_th f .he tyrn .table 133 by
or es i g S HE SRR pITabe SEA P [ er by B6T 1 OF Wing L F300R Bar) SHLAG pr ocess.

[0006] with R pe-pafddc|£s) homidgr andbpart en 0b7atinl ehst c4htem or nore
present on the surface of silicon wafers nmay cause deterioration of product
yi el ds oPfeltde Mol P lidia cedd - A K 1R s PN SAEFYS proeks8NOWRY choFs a

si ngl e- si lj shi r in fl t ! I I ssociated with
particl eb%%aslgﬂtdfrﬂﬁr%gg?ldgﬁ%tér e%l%%eilggéltl;éclaggeglﬁgto%eggﬁﬁhaege of a ,
wor kpi eceoduchiagy el |i3xDni vafeovidetihe final polishing process, a

wor kpi ecio\%&l qi ng plate is coupled to a polishing head body through a

di aphr ag e avoi di ng any contact of a polishing pad for final polishing
except with thg;iwer kpicegr 1antidd aashd S1@Pptbediyartbeavorkpivece hol di ng

plate by using a fluid and the |l ke, thereby perform ng the final polishi ng

process (bee wRatkaniteTodinentheldfer thrakprey. fpegopprtion 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
associated 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



An exanple of the structure of a conventional polishing head in use for
final polishing is schematically shown in FIG 6(A). In an essenti al
structure of the polishing 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

t hrough a di aphragm 129 nade of rubber. A |arge nunber of through-holes 130
for vacuum chuck of the workpiece Ware forned in the holding plate 124. A
backi ng p#émp28)i-s adhered to the side on which the workpi ece Wis attached
by chuck,oﬁgq a back plate 122 is provided at a back face side. A ring 125
is also rovi&ed so as to surround the holding plate. Adjusting pressure of
a space betweennt Beahpldi Bg phat etk24tant tde dacdnpdat eod2P t hrough a
passage 127 for controlling workpiece chuck enabl es the vacuum chuck

at t achmeRC 1488 186t ARfert) 3159 He® ok kpt £cRO W SAHPEstPng pressure of a space
bet ween L hack Rhalke shfnnt, thes head podyrd 23, t B gugbiaipassage 126 for
pressing a wor kpi ece "enabl es adj ust nent of pressing force of the workpiece
W agai nststiduetpole sifi i aeb 1B3%h g aebed bAl oashehpunn inabll&-133. [ 0008]
FIG 6(B). shows an .enl arged vie round the ring.1 h [ |G 6(A). As
shown in%%é’ é’(%o,loﬁd'\q gﬂi’l%ﬁe cﬁ%gb}éa\ﬁ%?go?nﬁaggﬁcé%fj%a%%e%rsrng 125 does
not pressgdrheniRd iishidighgiacy 182. a Wheadt bedyhieknessocalgha awaf er Wis 0. 775
mm for example, the ring 125 and the holding plate 124 are placed so that
the surf&eePERETsIrFhcEds de PePPehed)? of2tde WAFBRTWPHr ot rudes from the
Lover age ol dihdidl 125 By 020,48 OndaiMBl ThieS udisyaicy line vafer W
from bei ng detache uring polishing and enabl es polishing w thout

pressi ng atrlee fpodneshiing fael HSRAdbygt bedatend 2425, At hec&bpoppededtiong
generatiqgn of ,partjcles fromthe ring,125 There i.s .however a probl em
in that sor 595 dfuI G5 156 eo?ntﬂglﬁﬁlEpﬁgwﬁfgpéefﬁﬁvﬁéV?ng a rigid body
such as cerames iy tdansteraed 4ophbR Porkpl ece dnd dierifdead nessat her eby
deteriorates.é;OOO _ To obtain highly flat workpi eces with fewer
particl e®2Ah&ass isiing Hedd By the 59-24PPeBTPUBFEA- SRUAE fét hod i s
commonl y Ysed jnyt r . pol L shing px Q¢ : N [ ber filmis
used as the mﬁ#ﬂ%ﬁgg%}ﬁ%ﬁ%}ﬁg %%?%?bn,ﬁggg§géggrP?%ggﬁﬁﬁ$gn£3%h as air is
pour ed i mpaddéddiackert actee ofiot iengupbertef iLRdy aadd thee babbepldieémi s

i nfl ated uni fqQrm pressure as to press -hath the workpiece and the
tenplate]ﬁﬁiﬁqﬁfQ§he%x@%§%%g?iig7o%°fhgo ﬁ%ﬁi&ﬂ?t%ﬁﬁ%gﬂ? 2 pol i shing
pad. In tdgdi neapod 4 shh&gvREAGAS Shukite apeladciiiaig: haed dotathmahtpol i shing

is used in which a load is applied by using a fluid and the like to the
wor kpi ec@thdihft P prateceolipl ddies E heIpBIFPSRVAG Rdad BBRFS hr ough t he

di aphr agrﬂe%éeg} a%?% ﬂé%‘%}gaﬁoﬁg‘&%‘ét % &R RUdS gy PRS T oAb gal

pol i shi ng exce pi ece.
a passage 126 for pressing a workpiece enables

adjustment of pressing force of the workpiece W against
the polishing pad 132 attached onto the turn table 133.
[0008]

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, for 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



[ 0010] As descri bed above, two kinds of polishing heads are
conventionally needed, and a | arger polishing nachine including both of the
above polishing apparatus 141 having the polishing head 101 for rough
pol i shing and polishing apparatus 151 having the polishing head 121 for
final polishing is therefore needed, for exanple as shown in FIG 7. As a
result, there is a need to provide a |larger space in a clean room which
has hi ghpalikhtiiygcest, ehh@le@spodﬁaﬂﬂnquﬂﬂtﬂﬂuﬂypm@$$h@gitb%lf becones

hi gher, .thus there hi_gh bIe [0011 There is

al so dlsePgééglagrBBSe % ﬁﬁﬁ é%ﬂ EE% Yspg%v%%t% 9t educe
particl egeh¥ra¥eobdi bg %wtqmte@ctfx@‘m tdhes mﬂimm pad except with the

wor kpi ece during polishing and polish_the workpiece with high flatness (See

Pat ent Docuneniigye EﬁT%QW@KﬁEISTPPA?Eﬁm HLrTER&TURE Y %03®2] Pat ent Docunent
1: Japanege Unexam; ned ;Patent, pyblii £ald g {Kokpd ) Noyig-§9310:4

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 so 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 fesult, 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 2:Japanese Unexam ned Patent publication (Kokai)

No. 2007- 67179 Patent Docunent 3:Japanese Unexam ned Patent publication
(Kokai) No.2009-107094 SUMMARY OF | NVENTI ON [ 0013] A schematic view
of the polishing head disclosed in Patent Docunent 3 is shown in FIG 8. In
t he polishing 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 fi xedetomtlse higthe rllankbldsist Hdhegideasigdace oighheodobr kpi ece W and
the md Ela%is 114a and 114b fixing the rubber film 112 are coupled to the
gui de ri R§°P15™ hrough an elastic film 119, When this polishing head
is used fgpipgl i shing, however, it has been inpossible to reduce fine
particles having a dianmeter of 45 nmor nore. [0014] In view of this, the
present inventBrergnisseilgat 6d saA@ seshdudvedp st sk orrtheleldse for

inabilit ce t t.J cl . e. [ ntors found
t hat frié?%gngﬁgﬁoﬁé%qﬁﬁgggH%ﬁf%%hﬂﬁgég?%gﬁg%%?eg? gpéggggkoﬁ% irection
about theohakatti RE aties aflidtel pplpsdi agcdeadyiappthedwbrdmitte pol i shing
pad during final palishing cannot, be absorbed with the elastic film 119,
because R Pﬁld‘tséllfﬂa?‘ricg ff:f?]ejs%%d&ﬁ% YOEFBppEF ‘ﬂghbi?l\? cuum chuck
during pehi:shiRg @ub the o kil eere¥ tBerefore damages the final polishing

pad during polishing. This causes excessive polishing and particles are
created fromthe final polishing pad. The created fine particles are

consequenptly athaghed. to the workpiece.
PATENT LITERATURE
[0012]
Patent Document 1:Japanese Unexamined Patent publication
(Kokai) No.H05-6¢310
Patent Document 2:Japanese Unexamined Patent publication
(Kokai) No.2007-67179
Patent Document 3:Japanese Unexamined Patent publication

(Kokai) No.2009-107094

SUMMARY OF INVENTION
[0013] o |

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.



[ 0015] The present inventors also found the followi ng. In the conventional
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
plate 114aom4th the stopper 118 as above. Therefore, fine particles are
attached to the workpiece also in this casenp&0016 As descri bed
above, it has beehl¢tp8Ssibiert 6R6bPERR R MG ECE Wi th fewer fine

particles,having acdi anRt oRfudtad I UBdy Ap fie oOfawBEErWhi | € ensuring
predeterm ned hi'gh flatness and hi gh polishing stock renmoval uniformty by

usi ng onénebmlényi cralreuoides Hileg pahsai- B one A GOIFsult, thhe present
obj ect | ZEaSBROGRHE ot I1GHIh R SneE o Chi Rgt appafafus. operable in
both of thaikouahreeltiishi NG .y.ocessrang: fomadipettsbhngbpnacess, that can
stably achi eve predeternined high flatness and high polishing stock renoval
uni f or ni EPERE1PEI PEASNG fofthe sHiipi ks 2R SR BBLARR 550Br kpFece wi t h
{ 8‘3’%] fige1Rahling G2 AINGP A APLEE1 Pin PRGLLEHABE! Yot BB PedTOr €.

with the elastic film 119, because the mid plate 114a is

pressed to a stopper 118 by wvacuum chuck during

polishing, and the workpiece W therefore damages the

final polishing pad during polishing. This causes

excessive polishing and particles are created from the

final polishing pad. The created fine particles are

consequently attached to the workpiece.

[0015]

The present inventors also found the following.

In the conventional 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 duiing polishing.

This contact 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 1l4a 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 highlpolishing stock

removal uniformity by using one conventional polishing



To achieve this object, the present invention provides a polishing head
conprising: a disk-shaped md plate provided bel ow a polishing head body; a
rubber filmthat covers at |least a | ower face portion and a side face
portion of the md plate, the rubber filmbeing held by the md plate; an
annul ar guide ring for holding a side surface of a workpi ece, the guide
ring being disposed around the rubber film a first seal ed space portion
surroundedablyatbaenid plate and the rubber film and a first pressure

adj ust rent _nmechani sm for adjusting pressure of the first seal ed space
portion BYO3upplying fluid to the interior of the first seal ed space
portion, the pﬂ‘léSﬂ%@geﬂ%a%'@@h@goﬁomﬁa'sglérc%ﬂglii*sqiefa a hagkepusface of the
wor kpi ece on a lower face portion of the rubber film press the workpiece
wi t h t hethier sbopeesisisce iddjdustrrdnttenrec heand sk s aplld e ngsatPront surface of

t he workpi ece into_sli.ding contact. with a polishi ttached onto a
turn tabBéoyédﬁoFi§ﬁHﬁﬁp %%aeﬁﬁ%rﬁP%% i%%?n%gﬁ%gggﬁgéluding a base
menber ceppked1to ihhe el ichitig: headybhoslyl 1 sin Dughpaocekastind film the base
menber hol ding the guide ring and the md plate such that a | ower surface
of the gfiiBalr PRGigded hArcrtacttidle pti ShfRyYpadRdGV¥eEng pol i shing,

wher ei n %Q@d@%@%nﬂ?ﬁyﬁﬁnjéhrfﬁgﬂﬂ&§§da¢@ WPYE %Bl§§h§ﬁba%t@k&?Cti0n by

contact between a part of” an upper surface of the base nember and the
pol'i shi ngehead 1bagy fanuhiitsy clapabd &l gfiimpvehgai woakpadical agidr &M on t hr ough

the elastic filmdurin olishing. [001 ln the .i shi_ng head
includin@bgﬁénb§s¥Qﬁ§ﬁiaC?rﬁikﬁsf%%%ﬁlg%n?op?ﬁglﬁ%ﬁﬁsﬁgﬁgnﬁggh body
through yhenelast ior fgd»aand 1ol @sas henguideoreng and the mid plate such
that the | ower surface of the guide ring does not contact the polishing pad

during pdlP0dRilng, wherein the base menber is restricted to nmove in an axial

direction by cggtgﬁgégggo %qgiggygcgﬁ %W§:%$@§ nfUff868:9bnt he base member

and the polishing y and I's capa moving in a radial direction
t hr ough pheveldast iac fdlimtdurg nge pdl cshpngsiogi:f er bipkesdiangd orticd can be

stably applied acraos e wor kpi ec nd predeterm ned hi fl at ness and
hi gh poIEgﬁﬁﬁgf§¥ﬁﬁ%i?%nﬁ§h‘”u%i?%fﬁF€§ngaheB§ gfggryaeﬁggggﬁ? I'n addition
to this, fiihe, gener aldwnroHfaparshstes foavrt acguipde tiiorg axah e prevent ed.
In the polishing head, the frictional force in a radial direction applied

from t he sgelel §9iafy Rsakk kam D BBSoRBEdPLAESughk NFOVEHRRRT ofl the base nenber

in a radial: di rect L ghi ad 1S Prevent ed [+ om bei ng
damaged %%lt eIﬁ%ftgﬂéegﬂgd£?ﬁaﬁgéké'ggﬁegggﬁén o#ﬁbarticlé% fromthe
pol i shi nofjad rduen toldxcessfaeef bt homockpikee, nhils tadids airgsult, the

wor kpi ece with fewer fine par icbes havi ng di aneter of parfigularly 45 nm
or nore g&ﬁﬁ%&iﬂﬁ&ﬂ?ﬁéta TRy ERS FH§%86|ﬁ3&FHQQN£;f%% %%%é%.le in both
of the rewahqld:shidly PiLEsssdaadbli Rak pald ghing protesse thebeby
reduci ng cost. [0020] _ ‘
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 polishing head, a contact portion between the part of the upper
surface of the base nenber and the polishing head body is preferably
configured such that the part of the upper surface of the base nenber
contacts the polishing head body through a perfect sphere disposed in a
concave portion provided at the polishing head body and/or the base nenber.
When the contact portion between the part of the upper surface of the base
menber apdatbBespehi shiarg aheadchodyrife@ondf gitedysidd thay thespart of the
upper surface of the base menber contacts Ihelgqtaghin hegd body t hrough
the perfBet SPRERETIILES0®E Lish e Rash HYVE MR brt ptadi dE8aE  he

pol i shi ngpheqd -ogle,@Rd/ a1, Lhe dhase dieiberodici base geuber can readily

nove in a radi rection while novenent of the base nmenber in an axi al
directi odiirsctéstr byt edntand e weneratpont of £ partvepes eadfBesSt her eby

i nhi bited e surely. t he present invent ntact between
t he partOépggﬁeﬁﬁﬁﬁe%egﬁﬁﬁé&§4ﬁ£q?ﬁ?%%ﬁébh%%b%?a%n%gaﬁeggglﬁghing head
body is Bababh@l bed o idig a6l L£andcd1 het veepidhethbatighnehedes indirect
contact through the perfect sphere, that is, as long as the novenent in an
axi al di péesitér ifs estynigtePDY. $htF f erence of the polishing head body
wth the[ BRS surface of the base nenber. [0021] The polishing head
pr ef er abl'y inéluding a second seal ed space portion surrounded by the base
menber, the polhshhagpbéadhbody hardl timeleldistd cti¢ | paamdmamsesond pressure

adj ust mrent nechani sm._for adjustin ressure of, the s n eal.ed space
portion.tElat 18 qofR [ﬁﬂi%ﬁﬁrﬁéﬁéﬁﬁﬂ?%cﬁﬁﬁ?néoﬁﬁe%gggoﬁ' gggied space
portion syrseurded hy dhe hases membegqiiberpali shunghkead dadyand t he

el asti-c filmand the second pressure adjustnent nmechani smfor adjusting
pressur e sgicht fdadeddml kwig oS spheee poft FoA, JHédEcEAgSt KOS elure of the

second seal p ortd an S 0 isHahace wofe Ade, g4ide ring to
be nore %%P§%§§b3%%%ﬁ?%ﬁhgggﬁygg%ﬁa%%?%agtﬁgiégpﬁsﬁing Shd during polishing
and t he base memerr tios heestretyeprevenbed finoannewiled idizar bkdal

direction. [0022] I n the polishj head, a thrust bearing or a dry
bear i ng ©¥n BWEHFSE REFHHT O Akt i%r %anugé’feﬁgﬁrgﬁgepaorfa%?@t he upper
surface @f;dhe e mpernhangothenpabi 8BhAgbEgd beds capabldhen a
thrust bearing is used in the contact portion between the part _of the upper

surface off miwyipaselmenberdamll €heepblPEhithg ONeAd B6dyS 2 Hel pof t $hi ng head
Che base Rurigs (oo Vo1 y ibyetRoeEefaIe sl PR T T EL movement
in an axiaglpldigdecidors carhdewopkpisueel ynpr erentedd rivifresd tihegldry bearing i s
used, na%ﬂkﬁﬂgﬂﬁfei%gthghlggiggﬁgggsgggg&if%ﬂE%af“ﬁ%%%%rmity 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



[ 0023] In the polishing head, an outer circunferential portion of
the rubber filmheld by the md plate is preferably bifurcated 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 adjustabl e independently of
each ot her. In the polishing head wherein the outer circunferentia
portion of the rubber filmheld by the md plate is bifurcated such that
the firstegealifag spaee portion is divided into two seal ed spaces, and
pressure of the divided two seal ed spaces is adjustabl e i ndependently of
each ot héP02fbr exanple, when the first seal ed space portion is divided

into two seal e&%?ﬁgfﬁlﬁéﬁg}’ﬁéa@i Bl ¥ohhe kower-tfiage marddan and the

side face portion ate respectively and pressure of the two
seal ed spheepaateoddjchst eppsepanaticloe faformlendie ot heembleri agdpdheshi ng,

uni form pressjng forc an be nore surely applied acro h rkpi ece, and
t he poligﬁiﬁéh&gﬂ ggageﬁpgﬁhéﬁ Wﬁqg}§§$ ri#%ﬁ TR Tt a ﬁ%ésggégr the entire
surface ghet BareockpicdeeupRid istfidey ¢t tHs wakermenbeunterenti al

portion. [0024] Furthernore, the present inventiqgn provides a

polishingoappéﬁstGéeu§@diﬁ®iQﬂﬂhQﬂﬁrRP@Yf?Qﬁﬁu%%r$aE%r5FC ~wor kpi ece
I ncl uding ﬁeBQ' 'di%%%e%a‘lna?at LNRL-ANL, A {4 n%i-é%?i&edaaeolch%hl ng agent
suppl y meChSAT st or supplying a polishing agent onto the polishing pad,
and the abavehdegchiched bpalyi shidygphedte dfasdenpnlesent i nvention as a

pol i shing head for hol ding, the workpi ece. [0025] Wien, { he wor kpl ace
i s polished bnganBhFhﬁogﬁﬁF hpﬁétéﬁﬁaiﬁi §*?h§ﬁﬁaﬁﬁ§th%§pB Fshi ng head

of the pﬁ?é@@t shiRaRld O e WY Kpiaese €asmbet pel pshedhwhigl &ewri f orm
pressing force is stably applied across the workpiece, and the polishing
can be pbpﬂarﬁédommﬂhgwﬁﬁghﬁqﬂﬁrﬁkﬁ¢f¢%?n@%§t09 r tPRe "OREr e surface of

(he,vor kalsge;onart L 3 sl s SR L scpatetentplsgoniaay, ond
particles. 6 I'n tthe polishing head

of the pbesgnthirouemt itdry gddef dasespieaberdibpbses douphed aamaswe pol i shing
head portion provided at the polishing head body and/or the

base member, the base member can readily move in a

radial direction while movement of the base member in an

axial direction is restricted, and the generation of

particles can be thereby inhibited more surely.

In the present invention, the contact between the

part of the upper surface of the base member and the

polishing head 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.
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body through an elastic filmand holds the guide ring and the md plate
such that a |l ower surface of the guide ring does not contact the polishing
pad during polishing is provided, and the base nenber is restricted to nove
in an axial direction by contact upper surface of the base nenber body and
I's capable of noving in between a part of and the polishing a radial
direction through the elastic filmduring polishing. As a result,

pr edet ernm ned hihghh&l pbhésbiagdhkiagh ipeollivshingg téteocie gamvegaledformity can

be stably achieved.in polishin f a rkpi ece nd _a rkpi ece with fewer
fine pargpéngpﬁé g 5Wﬁ%ﬂﬁﬂ4§dzﬂy[ﬁﬁ%!ﬁﬁﬁ%ﬂW?ﬁa rhnﬁg?vnnre can be
obt ai nedpoThenpelky $liaky HRAA drid alrs0 Opesalt efi Tmbohd ohet becbadgh

pol i shing process and final polishing process, thereby reducing cost. BRI EF
DESCRI PTPORSERrERAMINGS ment mechanism for adjusting pressure of

the second sealed space'portion, 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 or a dry
bearing can be ﬁsed 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 used, 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
préferably 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



[0027] FIG 1 is a schematic view showi ng an exanpl e of the polishing
head of the present invention; FIG 2 is a schematic top view show ng
an exanpl e of the base nenber of the polishing head of the present
invention; FIGS. 3 are schematic views show ng anot her exanple of the

pol i shing head of the present invention; FIG 4 is a schematic view
showi ng an exanple of the polishing apparatus of the present invention;

FIG 5 igia %Q?QE@BEECbiE@Wc%E@&! RGN @xaRie: ofi vs € oswenéd osphcpol i shing
head; | GS. 6 are schematic views show ng anot her exanple of a

convent i BAAF1pBI ishiAG Hedd 1nite WhHic i qa)e S HEWEC S s cHefrat F@SV1ER of a
conventi gﬁakhgfgﬁghfgg gad.s and { @\ﬁasg‘éqgvsisa_rg argetle view of a part of

(A). a schemtic ew showi ng an exanple of a

conventi pnakpshoghely d€ peldhshitig ppparatarsgmple, when the first
sealed space portion is divided into two sealed spaces
that cover mainly the lower face portion and the side
face portion of the mid plate respectively and pressure
of the two sealed spaces are adjusted separately from
each other during polishing, uniform pressing force can
be more surely 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.
[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



FIG 8 is a schematic of a conventional polishing FIG 9 is a schematic
vi ew show ng anot her exanpl e head; and vi ew showi ng an exanple of a
conventional single-side polishing apparatus; DESCRI PTI ON OF EVMBODI MENTS
[ 0028] Herei nafter, enbodi ments of the present invention will be
described, but the present invention is not restricted to these

enbodi nent s.

body through an elastic film and holds the guide ring
and the mid plate such that a lower surface of the guide
ring does not contact the polishing pad during polishing
is provided, and the base member is restricted to move
in an axial direction by contact between a part of the
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. 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 éhowing 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).
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In conventional processes of polishing the surface of workpieces such as
silicon wafers, primary polishing is performed with a doubl e-side polishing
apparatus first, and secondary polishing is then performed with a

si ngl e-si de polishing apparatus. In the secondary polishing, the rough
polishing process is perforned while maintaining high flatness ensured in
the primary polishing, and the final polishing process is perforned to

mai nly reduce pectitles. a SkBEenbwocdivibar enbwiolg shi rgdigads ahda a | ar ger
pol i shing machine are required for the rough and final polishing processes,
t here i scanvesdipsapr 6dnge easisgeg@olsdpdeie g PP A f oom whi ch has hi gh

utility cost, cQst .0 kshin 1% d 5Rldhdecomms, i gher, and
there is thus %ﬂﬁigﬁ %%s %?g ﬁg%#é[gé%g?%%% gl'%ﬁ?operation of the rough
pol i shi ngfpaoeceaseand ohizdalpoidlsrsmongrgadcessd by using the identica

pol i shing head_have been att ted in.the secandary polishjng. . However, a
wor kpi ece wi t hFF@wne? +Pné BﬁﬁggéFé§ Hadi"ng Wﬁ@%nghwe§ﬁméiﬁt?zu?arly 45 nm
or nore eaARehthenaabiainRad by ddighopaiald odppyhereas a certain degree of
fl at ness and polishing stock renoval uniformty are ensured. [0030]

In view of this, the present inventors repeatedly and keenly conducted

st udi es bgsagkﬁ%IBQeO@r%gkﬁgﬁmégﬁygresent inventor's investigation of the

cause for particle gener o the conventional polishing head
reveal ed [pDbesfiol | owi ng nmaj or cause: the workpi ece damages the polishing pad

due to the frictional force in a.radial direction applied fromthe
pol i shing pad %%F?hﬁaBEFFsh?W&Pdﬂm§?§§a6§%§55%d%§§? tpb?V%ﬂgﬁanand

particl egjanener eated iiyRm e pald shidgepadi naBdttiba eseabed particles are.
then attached to the workpi ece, 'as described above. Here, the radi al

di rect i omessanstadditcedthiesre igmavd e h@- pol i shing head rotates about its
rotating axis (a raotation direction o i . 0 £ As a
result of addi%?oﬁgpvgpg ng} the pfé§gip§qﬁ%%§?%$£§%oﬁégigé% ?ﬁgt a

pol i shi ng fheaa kipl ewhisc s idte hasei eober whbdkds, t be igairge polrghrdndy t he mid

pl ate hol ding the rupber film and the,gase TenBer i s _coupled novably in a
radi al diffe®ELER 6T HE-Hbld < Myt fiedd Bol9 LLAPSIGh 2RR 2T ¢ fil m enabl es

the frictijonal folceddbdAdi @b dinesyi 08 apehi g framddesxal ishi ng pad
to be absorbed. The present inventors also conceived that restricting the
nmovenent séhatliee stake orebsring apprarpbiisdi reet tbA BRCOBALESt bet ween a part

o e VBB A0S, L1 b, 1EIDEE 0cie, A0 il ead body enapl s
pol i shi nghittherelyn drimgidaohidie presestsi eventriean itro Wenpletnany [ 0032]

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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FIG 1 is a schematic view show ng an exanpl e of the polishing head of the
present invention. As shown in FIG 1, the polishing head 1 of the
present invention includes the rubber film2, the md plate 4 that hol ds
the rubber film2, the base nenber 8 that holds the rubber film2 and the
md plate 4, and the guide ring 5, provided bel ow the polishing head body
3 The rubber film2 covers at least the | ower face portion and the

side face,porti@noofchis H%Qrﬁi:ibﬁ,ﬂfwﬁ@(iefa@e 20t i Al esensfal portion
of the rubber film2 is held by the md plate 4. A nmethod of holding the

rubber fflat2ess and Pphisbdngnspack eeravalramidsesipilel 3 end of the
outer circunferential portion of the rubber film2 may be fornmed into an
0-ring §%%%%r%%d the O-ring part nmay be interposed and held between the md
plate 4 poo3phe base nenber 8. Alternatively, the md plate 4 may be

configured so that two nenbers are Blaced one above the ot %{]_and t he
0-ring part oflh HEL@APBf thhE: r GBBePTEFFRT2 LAFS S iont SRSesed Bhd hel d

bet ween é{?&”]éeéﬁ g3lzonductedTQ%u%H@£ o G de ring Sros1dhsposes around the
rubber film?2. T back surface of the workpiece Wis held on the | ower

face porpresent theentbbés finvms wdtion el gihelectiHy 5°Fs hol ding the

side surface.ofthe workpi.ece Wto prevent pi ese; Wi pgm bei ng
detachedpaﬁﬁﬁ éepgﬁpgﬁﬁﬁdpn as to Q?f%é%ggéﬁéﬁééPs%gcé por?ion 6
surroundgdafyrtheanuabenef idfoni2wangdy tiej o dcphae e dheswdekphede As shown in

FIG 1, the md plate 4 has a plurality of through-hole ertically forned
therein,daﬁagasfﬁb?dppé%ﬁﬁﬁﬂq(QFQrQHﬁtqﬂa?W?s?rg?gégﬁ?z gafﬁgtﬁgnt

mechani sm 7,40,5h8; ARtaIG0TL 0f1 tde fidmitiseabedispasg pett derifgso that
the pressure of the first sealed space portion can be adjusted. The

pol i shi ngohéatlihgs &hstsr wetuses tdrteshieve ubdbbishinegh 2nfsPRACLSLES by t he
supply of the flui d pressing farce i ppl.ied k surface of
L Fongohehery i i PAED s APoAaYeh Hheghe

t he wor k ace { on of rubber film2. This
structur gaenabhes wid amBrprassidiged otsethe werappkced aeross the

wor kpi ece. [ 0034] , . .
described above. Here, the radial directlon 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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When the workpiece Wis held, a backing pad is preferably adhered to the

| oner face portion of the rubber film2 to protect the back surface of the
wor kpi ece W The base nenber 8 holds the guide ring 5 and the md
plate 4. In this case, the guide ring 5 is held such that the | ower surface
of the guide ring 5 does not contact the polishing pad 32 during polishing.
When the guide ring 5is held in this manner, generation of particles from
the guide ringgBcdue 19 pressengtibevpeli showdngadn3d2xayndle gui de ring 5
during polishing can be prevented. The position of the | ower surface of the
gui de ri hBe5PPSIABLNEI Rredd ofn ther BIFEASHT WWET Y H¥ t hi ckness of the

wor kpi ece Wi sp 0. S{G, M nf pEcexampkge FGQiB@ﬁinrgi QB ke sefe such that the
wor kpi ece Wsurface to be polished protrudes fromthe | ower surface of the

gui de ripgeSeby On2ensi®n33nprhuded03sie rubber Thielhade BeabBLd8 is di sposed

h th ' 14 | [
The pol |BhhG RoRioboly 180 MF (St O nehiier 67 SOFRe LBy PEcPr i ol ed Lo

nmove in gRa8xhahddi teet iramddher din ectdan e thedrplatéeng, axng of the
polishing head). This restriction enables uniformpressing force to be
stably agbﬁi gyider 5480t e WHRBidR® A RIF i FRE p%?%%gﬁlhag H%Bdt REMor kpi ece W
can be therefore polished while stably ensuring predeterm ned high flatness
and hi gh“polishing stock renoval uniformty. [0036] The base nenber 8
is coupled to The pobbshi figliedd coodyrs3 athrlmaft tHee elegefct&aEEm 9. In the
pol i shing head confiqured .such.that the. base er .8 holding t md plate
4 and th§06§388 APy %s§%§%ﬁhﬁﬁftQP??kP%o?Fgﬁﬂggmﬁga 1 g&yq3a$ﬁ%ough t he
el astic EhkmoQiret-he ibasenmerdieri 8l o tDye b0 Bheadubbedi Fadtd @n t hrough
the elastic film9, and the frictional force in a radial direction applied

from t helpohedhi ky pae 3 Eanl e absorbatPiROugh BhedhbYelBRt of the base
member Sthg%rr%ﬂgﬂtiﬁgﬁ§cﬁé@”1iHP@eBOEhS NG iRAA 32, 1 rd.hed eyp pegvent ed

from bei ng damage e workpiece so that the generation of particles
from t hetpel ieslki nd pact Iitche ¢irexcésseneidicppoiicanofe tiehi bited. As a

result, the workpiece Wwith fewer fine particles having a _di t er of
parti cul ﬁngeES rJrrJn“bﬁ e % W%%th?ﬁgdén[éﬁylfg shd eAsancfggﬁjc;ref bed

above, spngenyhepal insh N heatk phosbe PhesEBLJ Beenticon ttan miad i sh the
wor kpi ece Wwhile stably ensuring predeterm ned high_flatness and high
pol i shi nglsteck rafovdie RFVrMERYeand- r dbes Agath¥etyne & Mid es having a

oo PR Y ML A o Bt e ) g hoad con ey et
reduci ngoaestabdv@038le other, and the O-ring part of the end 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 preQent 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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The second seal ed space portion 12 surrounded by the base nmenber 8, the
pol i shing head body 3 and the elastic film9 can be forned and the second
pressure adjustnent nmechani sm 13 for adjusting the pressure of the second
seal ed space portion 12 can be provided. By reducing the pressure of the
second seal ed space portion 12 with the second pressure adjustnent
mechani sm 13, the | ower surface of the guide ring 5 can be nore surely

prevent egdnf EeMbeoBFachieng itrthe peldishi ngpqad B2-disn ng pol tshtngheand t he
novenent of the base nmenber 8 in an axial directjon can ge surely
prevent edrepep3g] of the fAgsdhagrlad ARGCE PR YTt °Portion 14 between

(he part.gf,Lbequppehesubiaca:aly haghase iemeldand dile: pehéshi ng head

body 3 can-be confi gured suc the concave portion 10 is provided at
t he pol i shbhgrhé&admb@dyi s3 iorf tdteddse tierbeupsly the peef éénidphade 11 is

di sposed in the caoncave ,portian 10, and the re o he upper. surface of

t he basePrEfRBeFIc ﬁﬁ%ﬁs}%tﬁ?éiﬁ?gﬁ?%agﬁ%gﬁmggdﬁuf ?%Egﬁgtggeperfect sphere
11. Al tegBakibyely w heeonaavedordin f@ye beoptdvhded ahebatibpefr t he
pol i shi ng head bo%é 3 and the base nenber 8. These preferable configuration

enabl es thémbase FBiEerst8uCH UHS €naddds YiNoh T rPEE 5 2HR Al L8FFEct i on

[ 0040] r r qu$ b 'perfect sphere 11 provided is
t hree ortﬁopg cgﬁgﬁégigﬁgg%ﬁzr 0 q{%gﬁ%%r§%ct sphere 11 and the |ike, but
t he nunbgooBg]not linmted in particular. FIG 2 is a schematic view

showi ng an exanpl e of a base .nenber .8 havi ng a .concave rtign 10 fornmed
into a ring shipglahdSpdPf E§ﬁh§}é§ gfa @ﬁ%é%ﬁc$%n?h§g%oﬁ§ave portion

10. As showfeaphhGadhered & Qecmainbene of fpeef pektsphenes the are di sposed
to fill the ring-shaped concave portion 10. This confi%%éﬁtion inhibits the

wear of trhébger fiddim shHer exraueciexteadsackssprfacemet

workpiece W.

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 fromrthe lower surface
of the guide ring 5 by 0.2 to 0.35 mm.

[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
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and nakes the novenent of the base nenber 8 in a radial direction easier.

[ 0041] - Alternatively, a thrust bearing or a dry bearing can be used
in the contact portion 14 between the part of the upper surface of the base
menber 8 and the polishing head body 3. When the thrust bearing is

used in the contact portion 14 between the part of the upper surface of the
base nmenber 8 and the polishing head body 3, the polishing head can be nore

readi |y ggnsti kybed oypwliikgl ac@ertialdorigoddabiiedbeangng, and the base
menber 8 can nore readi move in a radial direction while the nmovenment of
the baseppeibaing i gngh the alorkrieds dh &h R Herecsarsl QOényé\l?Eﬁ‘t ed. \Wen

the dry ngi%fgtia%l%%g’s%r%w ﬁ]}aﬁ%éﬁfﬁﬂlﬁ hUbh | £8REnSYBPEKAl S not

needed. n a ring-shaped groove 16 is
formed ahithepoantsadingparttdcdn dehharet henippenisur f ace of the base nenber 8
and a gui de_15 provided at the | ower surface of the polishing head body 3
i's dispo§8§3§é as to be engaged with the groove 16, the novenent of the

base menber 8 pRcaR¥sHi LRRLESN geXGERIoUNR I ath alhdlip&Tishinganehe i nhi bited
and the pressing force to the workpi ece Wcan be thereby maintai ned nore

stably. Moter Rattivsiugh tthe grlovveldet why Be provilkedPat 18RénFower surface
of the polishing head 3 [ 1 aged W4t & he,groove may
be proviggaaafo%ﬁ§4ﬁ%ﬁ%%%§%?¥g%gggf9$ eé%%geﬁggﬁggrg8.oThé'étide 15 and the
groove laiclamlbke epriovmbdiogpihés mwind Shesaboupledntavéhsorti on 10 and

fect sphere 11. Alt ively, eit f them, .f le, th
P o 150R0G Pridic RS e b yUhESoR BPavEaaac e goas o P NS

shows angther xaBy & Afard heoPol ishingahead afi rtbeipheseitoudivertiéeon. FI G
3(B) is an enlarged view of the vicinity of the outer circunferential

portion eflastida tbber %ilan the FfGicBippala§osrewdn # MasE2B(A) and (B),
the outer,.circunferential ,portio f ihhe il Iy by the md
plate 4 F&ﬁﬁ%mﬁ%ﬁﬂ%ﬁ?#%? ké?%%l?%%i%émﬁgéggglﬁa$hg@}%F£§k%%aled space
portion Gus®riiad detrdudlo Bhseabedmspacefpohei bas@a mewdtemei nily gont act s
the side surface of the md plate 4,a£d a seglgg sga%% po&}ion 6b t hat

mai nly c&iHcétls PHeTlol? - sUta e b SEhRI P A% pPat &54 FRerelY

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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The pressure of the divided two seal ed spaces 6a and 6b is adjustable

i ndependently of each other with the first pressure adjustnent mechani sns
7a and 7b. [0044] In the rough polishing process, for. exanple, the
pressing force of the seal ed space portion 6a contacting the side surface
of the md plate 4 and the pressing force of the seal ed space portion 6b
contacting the |l ower surface of the md plate 4 are adjusted to nake the

shape of ;4hgsvREKRI ReenWhiietone Feld shifng iy tede aftesspoki 68i ng so that
the flatneSs of the polished workpiece Wat its outer circunferenti al
portion thA Becavre seapedy S®aden DOEFihal2 gt I Rr PY 6eeds, Be pressing

force of rt’ Bgcigal %gesggt%%s Qrtign tq]ae zsa%]ad%#ﬁ@ é’%}a?fé& n%%g;gécgogf:igggeseal ed

space portron are t'0 be equa at the workpi ece  Wcan

pol i shed1wi wwhtunicther mefdomal ppeldshiegdiwuctknerovathanisinslpl abbe This
enabl es uni form surface roughness in jts E?I ane. %004513 FIG 4 shows
a schenmat-P¥e¥| SWISRCEN Odx &M @i Hel1HbI 7 st P apPar at 68781 Yt he present

i nventi og Lehuding r e Reld shidg ﬁ}g‘@dp&iiét!@ﬁn?rﬁﬁ@nmi auefhigon. As
shown in FIG 4, the polishing apparatus 31 includes the turn table 33, the
pol i shi ngopagh32gat tachdhomayantrnt wh thdllkass neRBepoPi R AF agent

supply mechani sm_34 f.or supplying. a I ishi ent onto the polishing pad
32, and gﬁéﬁﬂagltrﬁe(:tﬁtﬂnl S aPrlﬁgk}/ esgldrﬁfgfé?%%&%ggént i nvention shown in FIG
1. [0046][0039] When the workpi ece is polished by using the polishing
apparatus including the polishing head of the present inyention, the

wor kpi ece can Be ﬁgPP@héH WHG-e lunith s APresst P Foree ?g g?*éﬁ?i?nappl i ed

- across the warkpi ege. and,dhe. pali sk 89, eaphbeppgef aerpd Wi la;ensuring
hi gh flatness over the entire surface of the workpiece, particularly at its

outer ci tbhenpeddmtiialg gorad drdnd t ben gemeranfoaustd isnepaatcl es having a

dianetert%% %%HH&%Q‘%&E@fﬁ%rHB‘Es”B£§v£ae&”gkbkhédpo%é@ﬂﬁdé head
body 3 or the base member 8, the perfect sphere 11 is
disposed in the concave portion 10, and'the 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 fill the ring-
shaped concave portion 10. This configuration inhibits

the wear of the perfect spheres 11, extends its lifetime,
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[ 0047] The present invention will be nore specifically described
bel ow with reference to Exanpl es and Conparative Exanple, but the present
invention is not limted to these exanples. [0048] (Exanple 1)

.First, a p-type, 300 nmdianeter silicon single crystal ingot having an
orientation of <100> and a resistivity of 8 to 12 Qom pulled by the
Czochral ski nethod was sliced into thin disk-shaped wafers. Chanfering

processesnMengkRs! L AENRdveRchie c@utele edges mefndche snafers tadpagvent the
waf ers from bei ng broken and chi pped, and | appi ng processes were then

performedireotipat eafiehe wafers. Next, etching processes were perfornmed to
renove smﬁth? by machi ning remai ni ng on the surfaces of the | apped wafers.

Bot h of ont and back surfaces of the wafers were doubl e-side

pol i shed. The xhesfesetvedyti anshwese aksoipgl oshed.drthégdi okhesses of the
waf ers were each adj uste?1 to be 0.775 mm on waf er was

s 004 il
pol i shedC@it Ret HESFol-Ps Ty CAPYACt l??rd?lcf’#e“pﬂeste"ﬁ?e? ng}é%!tpéﬁ shown in

FIG 4, pacLydi ngokhe speld-shi ng head 19fsd heenesent ahaventi on shown in FIG
1. The used poli sﬁ head was configured as follows: a boot-shaped rubber

film rradEOd)fLSthhgcbﬁ@dmwlqiaNBng a thickness of 1 nm a |lower face portion
di aneter of 3Q1, mm tg?aghl usto{)egr?n %T%arﬁ%ﬁgpdﬁpddpé)ré&%a&pat was forned

into an O-ring s%ape anet ined a dianmeter of 289 mm
was i nteppesednand heltdrdaet vieen daret baSetiendygpeandutfiecsi dfpltaee. A
circul ar_backi ng. pad was adhered to the lower fa e gortchon of the rubber
filmwi tﬁaéedﬁlﬁﬂpérstgl &G 45 qUgsping head bo

polishing head can be more readily constituted by using
a commercially available bearing, and the base member 8
can more readily move in a radial direction while the
movement of the base member 8 in an axial direction can
be more surely prevented. When the dry bearing 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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Mor eover, a guide ring having an inner dianeter of 302 nm was di sposed
around the rubber filmand attached to the base nenber. The inside of a

ri ng-shaped elastic filmwas attached to a fixed ring-shaped portion of the
base nenber, and the perfect sphere was inserted into the ring shaped
concave portion provided at the upper surface of the base nenber. The
outside of the elastic filmwas attached to a fixed ring-shaped portion of
t he poli gbiodglhead body. When a vacuum was produced in the second

seal ed space portion surrounded by the polishin ad body,. the elastic
film and the bdSe ﬁéﬁgersgaf“(& taﬁlé’)éﬁ’é?% er%@m@re Q%E&lﬁ &J%ﬂ%/é]ilh?% cont act
W th theppaly s rg head Rady thraughod he wet f extpsphergen &headiysbance

between the |ower surface of the guide ring and the surface of the
pol i shi nyigad offelthenivtiimik S imthe ouBer npirqnefekpekiéds of the guide

[ing was adiiated J 1 advanas. L ocpll ust ANeoBel gk of Abegpuen i m so as
to ensur &unitor m pol'ishing stock renoval . [00 i% ) e rough and fi nal
pol i shi ngImsQces@gs Ml e(per ftndesut art eréahfevengiwdy poktd arough

polishing conditions will_ be described bel ow, <Rough Pol.i_shi ng> A
pol i shi nghﬁadm@lbeé pot st die brivovene f &b BLRREI gdilﬁg%&rfé‘ffﬁ:é‘%eedr esin (an

ASKER C har Q%%S%o@cisﬁpi)né"’ar%é@eﬁl. A ks 5S¢ pFL@al kabiegokghien contai ning
colloidal silica was used as a polishing slurry. The polishing head and the
turn tablenteoe dacts rdtatded atnB0 apaeaThe poRLsShpRg tHhodsAF har t he waf er

ree o LR e VB L BB T ROLSNL TP ag (hree
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 adjuéted 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. In 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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The final polishing conditions will be described bel ow <Final Polishing>
A suede type polishing pad (an ASKER C hardness of 57) was used. A 10-pH

al kali 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 perfornmed for three mnutes. [0053] Chem cal cl eani ng processes
wer e perthenpdlashdh@aMammzﬁﬂeﬂhdfprédenﬂ povesthiog. In the chenica

cl eani ng processes, two,tan ntaining.a cl.eaning m xed so] ution of
-ammoni a wat er ?%8/@ Wﬂyapogéﬁ pg gh&e éﬁl (%ékﬁﬁé% %ﬂmater with a
vol ume mixcpreRar then tefrnl thxh® agwl onee teaki senhgi phagsa cl eani ng m xed
solution of hydrochloric acid (10% d#)jrogen per oxi de water (30%, and

pur e matéﬁtﬂpbﬁdaO@@KUﬁ@aﬂb@qﬂwﬁﬁhlﬁ ofthe 1pabdshirg agedtas chenica
sol ution hggﬁﬁhm%%h%mﬁ%ﬂ{QQlugﬂﬁ xﬁ8§g¥{ﬁ8”§ élfsﬂfﬁaeégkﬂEeo%E o/5C and a

takt tins ree mnutes drylng then carried out.
After theheI@@nu@@lm@pqe35653 anpﬂrémcmeaQOUhéePOLSshﬁsgahSde1nade by
KLA- Tencor ., Ltd.) was used to reasur par%D i and the nunber of the
fine parPﬁcF@? H§ﬁ5ﬁ§§a%ﬂﬁﬁﬁﬁ%ﬂncﬁ AP i of 1 was measured by

nmeasur engpl g¥nder high resol ving power conditions. [0054] The
polishing stock renoval uniformty of the wafer was then eval uated. The
pol i shing st ockRheenbhel wemkipdeset yi swa okl chdely bys Hegstheng t he

thi cknesaes ;of Lhe worknlsce el le; and.alter,pabiahi agd-al gaual, to or more

t han 1008 °“medsar eméht 0|n S ina regron excludi ng an outernost

ci r cunf epeRisicalt mmvénﬂldhrﬂhh%cw$mkpiéheacannberpbahshaﬂrwhmiqm%wurenent

i nstrunment for excl usi ve use of silicon waferiﬁecalculatligjr ol i shing stock
f

renoval HERE @S FEREhtE Yot sS i AEEREY r 8§PoRCEf 2LRESTa and using the

fol l ow ngf@Mied ang thdPdBMU RGN tegh B@rr?é%o@mefaowﬁlt% (% - - (maxi mum
pol i shing stock removal - mini mum polishing stock rempval )/ (average

pol i shi ngnstading drigital £ iat e $s t rec rebbar epsarepsivmfgce 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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[ 0055] Referring to Table 1 showing the results, the nunber of
particles having a dianeter of 45 nmor nore in the polished wafer was
five. The polishing stock renoval uniformty was 7.1 % It was thus
seen that the nunber of particles was greatly reduced while ensuring high
pol i shing stock renoval uniformity in Exanple 1 as conparison with the
results of Conparative Exanple. As descri bed above, it was confirnmed
that thetpolfiakiteg head woffdite. pNesent dtuteintd Eraresdde w®réshing

appar at us |nclud|ng t he polishing head are operable in both of the rough

pol i shi n§SrocEss dvd Tomedle ol iy praceseingaheBehredd pPedbfer mi ned

hi gh 1l abness cand JH G LAY, stock. T amualonifor s bxy and can obtain a
wor kpi ece with fewer fine particles having a dianeter of 45 nmor nore.

[ 0056] (EmampB@rZﬁces of fﬁ&awaﬁgﬂsrmﬂr@hdﬂgbéﬁdSiﬁﬁapOééBb§ﬁlng wer e

consecut pe licon ma s a e 1 with the

polishing%ﬁgg agfgfﬁ ﬁFE%éﬁ?nﬁﬁ@ =hE i one? nePh Fhadfhe %rst seal ed space
portion @hviciteedsiss0 dfve 1seal Lk SPasese éﬁcmmw@ugt@d 8oabe thg %ol i shi ng
apparatus of the present invention, shown in FIG 4. After cleaning, the

sane evaati on as Exanple 1 was carrled out. Polishing conditions and so
on wll q%oq@ﬁcrlbed bel ow.

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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<Rough Pol i shi ng> A polishing pad of a polyester nonwoven fabric

i ncl udi ng 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 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

pol i shi ngasTheopghiShinke Idome Aas wiliree:Ha ned ESstangly tMeadt Bgeypol i shing was
performed. <Final Polishing> A suede type polishing pad (an ASKER C
har dnesstbrosgb) tivgs PesdeCtA sEhg3g al g i 3P ebrRearnFRE col | oi dal

silica e final_,pol j shi sl ur l.kshingshead and the
turn ta\éﬁéwﬁrgugzgﬁ:er 8{%%“% éjtlﬁgaoé}%plrsr[]w%%dp% fgsﬁ?ng pressure to the front
surface pbltibainwagl @ndvde ldetwittd k0 kP25 amd tdel polishi nglipeessure to its

side wall face was 10 kPa. The final polishin s, perforned for 3 m nutes.
[ 0057] thl&R@?érPifnéhteog“P&b’}ee 4o %ga‘flwé%%@u]rgs?d?ﬁ@cﬁu%er of

particl egghavicngna diamplerlo Ofc 4 AMKEr ML Bni ot e pel kabedewaf er was two.
The polishing stock renoval uniformty was 6.3 % The polishing

st ock renpdloronplodrimtiyng rstRGENPIVavhs thus inproved in Exanple 2 in
conpari s?rao\gn'lt]h Exanpl e 1.

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 the 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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It is understood that the pressing force across the workpi ece Wcan be nore
effectively nmade to be uniformby pressuring the interior of the seal ed
space portion contacting the side surface of the md plate to adjust the
pressing force to the outer circunferential portion of the workpiece Win

t he rough polishing processes. [0058] (Conparative Exanple) Rough
polishing, final polishing, and cl eaning processes were performed on
si li con waf er sChenifelsaheaBdndi ProRSSESSEVEHRT Lo 3#%r using the

convent i I |i s b arat el sudi t her conyentih gl pol i shing head
as shomglﬁ]‘%alr—lﬁgg %&Lt%%e%g%rreﬁeﬂ{/% L’f{;{:lllon Jggg Exanple 1 was ca?ri ed out.
The usedcpelkindhigng roead skkl, was configuwedtasnioy| awslepndngl ates 114a and

114b each having _a thi ckness of 3 mm and outer dianmeter of 293 mm were
coupl ed f“&xéélcﬁ%étuﬁérorwot% S R E%%f-Shgﬁgﬁogﬁﬁbgﬁrﬂxllmelu made

of silicgnect0 (@@\%i)r)g and Hekhessc of i aavbouke hageppepbireiodi aneter of

301 mm a height of 6.5 mm and an end portion_that was formed into an

0-ring shdpé :(aldi amst eneoftan krgontnil ety nedcheananet BAX6C 289 nm was

i nt er posed .and hel en {he. m ateg=y [0 ASdilgul ar backi ng
pad was %&’F\Lerteémt c?q‘:t %S't#%o\/\ée}%l alcéen%%f i ﬁéo%[tﬂga%agggr pfi Iomlllz with a
doubl e- stiagk it aP®.2 )Tharidsiules ofatger i mjtlshapedlehasthic fordomolkld avas
attached to the md pl ate%gg t he outsidg of tge el %stikc filmwas attached
to the g@ifdé rind 1 sh 11RI F | ShPRGCALatChBay °% &8 Fhé %ui de ring 115

havi ng a%féyﬁ?hé“ Llc d§g§%ﬂ§1&@Sadkéﬂﬁéﬁgtﬁ&gu@Q tAwecr yplery fil mand
attached to the “polishing hea ody 113.

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 powericonditions.
[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]
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The hei ght of the polishing head body was adjusted such that the distance
between the | ower surface of the guide ring 115 and the surface of the
polishing pad fell within 0.25 nmto 0.30 nm The position of a stopper 118
was adj usted such that the height of the rubber filmwas adjusted so as to
ensure uni form polishing stock renoval. [0060] Referring to Table 1
showi ng the results, the nunber of particles having a dianmeter of 45 nm or
nore in the poﬂaésdaeﬂimvafeo Nab120T. shbeipgl itdlki mgsstldck r@moval uniformty

was 6.9 % arative Exanp e, t hus he_nunmber of particles was
a drasti EHF‘P?%@%P%F&@ AYeNSF 31 teer%a%% ﬁ% HoI ?Ehﬁ“ﬂﬁgstock

removal ypi Eﬁé”gbil‘é’%%da%fﬂ@@ ARLL iy L oMY MiHimExanpée 1. [0061]
Tabl e 1) POLI SHI NG STOCK REMOVAL UNI FORM TY( %
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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NUVBER OF (NUMBER) PARTICLES EXAMPLE i 7. 1 5 EXAMPLE 2

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.

- [00571

’ 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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6. 3 2 COVPARATIVE EXAMPLE 6 . 9

(Comparative Example)

Rough polishing, final polishing, and cleaning
processes were performed on silicon wafers in the same
conditions as Example 1 except for using the
conventional polishing apparatus including the
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 film
was adjusted so as to ensure uniform polishing stock

removal.
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1 07 [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 exanples that have substantially the sanme 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 pgpea)di sk-shaped md

Referring to Table 1 showing the results, the
number of particles having a diameter of 45 nm or more
in the polished wafer was 107. The polishing stock
removal uniformity was 6.9 %. |

In Comparative Example, thus, the number of
particles was a drastically deteriorated value of 107,
whereas the polishing stock removal uniformity was

approximate in comparison with Example 1.

[0061]
(Table 1)
POLISHING STOCK REMOVAL| NUMBER OF PARTICLES
UNIFORMITY (%) (NUMBER)
EXAMPLE 1 7. 1 3
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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pl ate provi ded bel ow a polishing head body; a rubber filmthat covers at

| east a | ower face portion and a side face portion of the md plate, the
rubber filmbeing held by the md plate; an annular guide ring for holding
a side surface of a workpiece, the guide ring being disposed around the
rubber film a first seal ed space portion surrounded by the md plate and
the rubber film and a first pressure adjustnent nmechani smfor adjusting
pressure of the first seal ed spacecyporM3 on by supplying fluid to the
interior of the first seal ed space portion, t he polishing head being
configured to hold a back surface of the workpiece on a | ower face portion

of the. rubber £iboiphens hagawebkpieceny:tly Lhe iHditpa assare adjust ment
mechani sm and bring a front surface of the workpiece into sliding contact

with a ppllieski pgopadeat tadived omal shinn hedd @Y poki ERPPRE wor kpi ece,

t he polishing, head incl udi a base e I h ol shi ng head
body thr%&éﬁ gﬂa | ST 9 l%ﬁé}'5§g§§%%%ﬁ§§y%o§gF%gO%hgnguFde ring and
the md phake rsueh ti oh |lomerhes uif@csl ofe f hehguicdbbeicngidoes not cont act
the polishing pad urigglpoljshing, wherein tge base gpnber IS
restrict bging medel by dheiid Rzt i dh HYRLAF Bt BE Wedd a9

Jart of an

upper S“Hoﬁ%@n%f 4 i@g]é%gssqur@c{@éaro ngd &ka;ﬁ%&ébi ﬁﬁeh?@qd@dﬁi@‘ld i s capabl e

of nmoving in a-’rad irection through the elastic filmduring polishing.
2. The pobieshigngliteead et coraimg thoe ctabhpe, fivher ebnfarédnsactl §sbrti on

bet ween the part aof, the upper surface of _the S} pol i shi ng
head bod§9%§%xﬂﬂQHﬁﬂQuf¥£ﬁ§P?$éﬁ ?%etggr?lgfpgﬁggugggf%gﬁ?pg%%ﬂ%% t he base
menber centiact ddes pol i shigige heade badyusbnenghma cherfient &phere di sposed
in a concave portion provided at the_polishin% head bo%y or. the base

nd/
ronber . 260 UHia OISR THEheR BeeordrRG P CHel APESGT A T2, ur t her
i ncl udi , | ot ng. rther
|l udi ng. 8, seqN SEa) £G.oRace POELLOD: u' toudaddly dd dase merber the

y an astic m and a second pressure adj ustnment
mechani smfaare gdjntstamg pressure of the second seal ed 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 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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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 nenber and the polishing head body.
SThe polishing head according to any one of claims 1 to 4, wherein an outer
circunferential portion of the rubber filmheld by the mid plate is

bi furcated such that the first seal ed space portion is divided into two

seal ed SPﬁgeﬁasgnﬁle%%%S%a ohet he1distiided Ham seadedi spaces is adj ustable
i ndependent|ly of each other. 6. A polishing apparatus used for polishing a

Irgrt sucbafégﬁted wockpitbes ithel pdintg of (618 SHEBRE pEErE2€ach&d onto a turn
abl e, a _poljshing agent suppl ani s r i LSRikn t
onto thetBol PERPRG-RERT SRTCERY Dol T HomP doeed PaaF, BRZLeBETg o7
claims 1t gebrastaspokirshidigead fior shalaicwmrd heo moi&pi previded

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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