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apparatus in which the edge rounding of the edge of a wafer is con-
teolted and consequently the value of nanotopology especially required
recently is improved, a wafer polishing apparatus, and a wafer are dis-
closed. At a step of mirror-polishing a wafer, the back of the wafer is
polished to form a reference surface of the wafer.
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Abstract: A wafer manufacturing nmethod and wafer polishing apparatus in
whi ch the edge rounding of the edge of a wafer is con- trollBddnaary 2004
consequently the val ue of nanotopol ogy especially required recently is
i nproved, a wafer polishing apparatus, and a wafer are dis- closed. At a
step of mrror-polishing a wafer, the back of the wafer is polished to

forma reference surface 06029@5593 16|I|lﬂﬁllﬁllﬂﬂi|IIIMIIIHHIHHHHHIIIHIllIIIIIIIllﬂﬁﬂllﬂlﬂ' PTI ON

WAFER MANUFACTUR VETHED,—PO APPAR? —AND—AR

Fi el d: The resent nv ntlon r IaLes to a mafer manuf act uri ng net hod, a
polishin g@{ﬁ& ﬁﬁﬁg E_ partlcularly to a wafer
nanufactunbmg,ne @a a po |sh|ng appar at us whi ch prevent peripheral 10

sags of a mrror polished wafer so that the wafer can be polished up to its
peri pheral edge at a high flatness level, and a wafer. Background Art:



Generally ‘a silicon wafer manufacturing nethod coenprises, as 15 shown in
Fig, 18(a), a slicing step 100 of slicing a single crystal 16Rgotary @064t ai n
a thin di sk-shaped wafer; a chanfering step 102 of chanfering a periphera
edge portion of the wafer obtained through the slicing step 100 to prevent
cracking and chipping of the wafer; -allapping step 104 of flattening this
waf er; an etching.step 106 of renoving processing deformation remaining in
20 the so chanfered anhd | apped wafer; a polishing step 108 of nmaking a
mrror surface of the wafer; and a cleaning step 110 of cleaning the
polished wafer to renove a polishing agent or dust particles deposited
thereon. The main steps are onDESCRIPTI@Bove, and sonetines other steps
such as a heat treatnent step and a surface grinding step nay be added, or
the step sequence may be 25 changed. 16 January 2004 2 The polishing step
108 of making a mrror surface of the wafer is further classified into

sub- st eps, WAFERNANUFAREURINECMESIHOD @@ﬁ?ﬁﬁlﬁ?%ﬂ%@w appar at us

are used in each of the sub-steps. As a wdfer sing ol'I'shi ng
apparatus 200 used in the polishiyRgy R , for instance, as shown 5 in
Fig. 14, there has been wi dely known a polishing apparatus conprising a

di sk-gshaped turn table 206 which is rotated by a rotary shaft 204 and has a
polishing cloth 202 adhered on the upper surface thereof, a wafer hol ding

head (podrLShi: ) 208 for holding one surface of a wafer (W to be
pol i shegrgﬁghg%lnf‘%g?i ng anot her surface of the wafer (W to the polishing

10. cloth 202, sand_a head drimin chani sm 210 for .operating relative
rotation of tk@l%\lgfeésre dPXFﬂBO]Plgﬁgﬁﬁﬁgo &gl ‘;‘s“tmtal?élf?%ﬂlﬁmcgaﬁ%eéfl@%m? wher ei n
the wafer ;.i olished, b lyin lurry 214 cont i ni ng abrasive grain
from a SP?}#}?}HE a{psparatugf Sand 4 %afer? ore particu?larly gto a Sv:ra\t/ferg $ns
manufacturing method and a polishing apparatus which prevent peripheral

10 sags of a mirror polished wafer so that the wafer can be polished up to its

- peripheral edge at a high flatness level, and a wafer.

Background Art:
Generally a silicon wafer manufacturing method comprises, as
15  shown in Fig. 18(a), a slicing step 100 of slicing a single crystal ingot to obtain
a thin disk-shaped wafer; a chamfering step 102 of chamfering a peripheral
edge portion of the wafer obtained through the slicing step 100 to prevent
cracking and chipping of the wafer; a lapping step 104 of flattening this
wafer; an etching step 106 of removing processing deformation remaining in
20 the so chamfered and lapped wafer; a polishing step 108 of making a mirror
surface of the wafer; and a cleaning step 110 of cleaning the polished wafer to
remove a polishing agent or dust particles deposited thereon. The main steps
are only listed above, and sometimes other steps such as a heat treatment

step and a surface grinding step may be added, or the step sequence may be

25  changed.



supplying unit 212 between the polishing cloth 202 and the wafer (W. As
anot her type of polishing, as shown in Fig. 15, there is alAgahaaty 2084 of

si mul t aneously polishing both the front and back surfaces of a wafer. This
doubl e side polishing apparatus 220 has a | ower polishing turn table 222
and an upper polishing turn table 224 which are faced each other
vertically. A lower polishing cloth 226 is adhered on the upper surface of
the lower polishing turn table 222, and an upper polishing cloth 228 is
adhered on the 20 |ower surface of the upper polishing turn table 224. A
di sk-shaped carrier 230 is supported between the upper surface of the

[ over Surface oft Re AR, tEBI 1BV RER AT e BRLAE, it B0 SR Fur
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met hods of holding_a wafer. For instance, 10 there are a batch hol di ng

met hod i PPlifheE clothl B0Aladbyred onather spae suther dberent, enwatardholdengsane

plate using wax or the |like and are polished, and a single
head (polishing head) 208 for holding one surface of a wafer (W) to be

polished and contacting another surface of the wafer (W) to the polishing
10, cloth 202, and a head driving mechanism 210 for operating relative rotation
of the wafer holding head 208 against the turn table 206, wherein the wafer
is polished by supplying slurry 214 containing abrasive grains from a slurry
supplying unit 212 between the polishing cloth 202 and the wafer (W).
As another type of polishing, as shown in Fig. 15, there is a method
15'dﬂmdemmhmﬁﬁmgm&ﬂm&mﬁmﬁbwkwﬁmmdawﬁa.ﬂm
double side polishing apparatus 220 has a lower polishing turn table 222 and
an upper polishing turn table 224 which are faced each other vertically. A
lower polishing cloth 226 is adhered on the upper surface of the lower |
polishing turn table,222, and an upper polishing cloth 228 is adhered 6]1 the
20 Iower surface of the upper polishing turn table 224.

A disk-shaped carrier 230 is supported between the upper surface of
the lower polishing cloth 226 of the lower polishing turn table 222 and the
lower surface of the upper polishing cloth 228 of the upper polishing turn
table 224 and rotates and revolves slidably between the lower polishing cloth

25 226 and the upper polishing cloth 228. The carrier 230 has a plurality of



waf er hol ding nethod in which wafers are held one by one by neans-of wax or
vacuum chucki ng and are polished. The wafer hol di ng net hod 1érpheare@00dhen
polishing a wafer is 15 divided broadly into two systens, that is, a wax
nounting systemand a waxless system The waxl ess system conprises a
vacuum chucki ng system a tenpl ate's@'stem and the like. O these systens,
as shown in Fig. 17, a wafer holding head 240 according to the tenplate
system has such a structure as, when polishing a 20 wafer (W, the wafer
(W is fitted in an engagenent hole 244 in a tenplate blank of the tenplate
242, and tg?e b@g‘g §grf,ace of the wafer (W is held by a backing pad 250
adhered ¥ e&'lp £3%urface of the upper polishing turn table 248 attached
to a |l ower end of a Bead 246. VWen polishing wafers (W with the hol ding
head 240, wafer?@afessy¥y} tochepelishescarersetintheavafer o bf When thegagenent
holes 244 in the tenplate 1 6 January 2004 4 bl ank of the tenplate 242,
respect i vefgrs (H‘ﬁcﬂl‘e weolished, aspelishiog agenplsapptied hetwean thagaders(VE) | ower
polishing turn table (not shown) so that the wafers (W are in | ower

posi t i ongnd the phlishiigatleths2i6, 228Faa ehafughhelawfnet shine firneat & the
polishing cloth adhered on the | ower polishing turn table (not shown). In

this % suppes poliwring than kablee2Biifrerd sosfipd (ed dhovidle Aethd aiwiddd23dy the
upper polishing turn table 248 and at the sanme time the |ower polishing

pl ate (nottatshomdrevdveqitht eghfetd OV) espkatadi4dolet diRdlpbethehiace
together with the |ower polishing plate and the wafer (W is polished.

W Tholt el g WacULE ChGKI G or ada one pon ISR 225 MR- By ko fhe i e
surfaces of the wafers (W) being polished.
There are also various methods of holding a wafer. For instance,
10 there are a batch holding method in which a plurality of wafers are adhered
on one and the same plate using wax or the like and are polished, and a single
wafer holding method in which wafers are held one by one by means of wax or
vacuum chucking and are polished.
The wafer holding method employed when polishing a wafer is
15 divided broadly into two systems, that is, a wax mounting system and a
waxless system. The waxless system comprises a vacuum chucking system, a
template system, and the like.
Of these systems, as shown in Fig. 17, a wafer holding head 240
according to the template éystem has such a structure as, when polishing é
20  wafer (W), the wafer (W) is fitted in an engagement hole 244 in a teinplate
blank of the template 242, and the back surface of the wafer (W) is held by a
backing pad 250 adhered to a lower surface of the upper polishing turn table
248 attached to a lower end of a head 246.
When polishing wafers (W) with the holding head 240, wafers to be

25  polished are fitted into each of the engagement holes 244 in the template



naned- a backi ng pad-is used-for holdinga wafer. Also there is a polishing
met hod named CMP (Chemi cal and Mechani cal Polishing) in whitéRapusm2804 s
polished in such a manner as the wafer is held by a soft backing pad not to
transfer a vacuum chucki ng side configuration of the wafer to a front
surface 15 thereof Wth a conbi nati-gn- of various types of polishing
apparatus described above, a wafer is mrror polished by nultistage
polishing including primary polishing, secondary polishing, final
polishing, and the like. Currently, the wax nounting systemis often used
in the above 20 nentioned polishing systens, but in view of deterioration

of a f|&ilﬁﬁksaftﬁé/eémﬁﬁit@ 240, ¥xpleativalpsahd the tiRed iR d RYBIlatL PR Ng Of
the wax, and so fort for instance, polishing of the waxless system

doubl e Sdl‘iﬁng@d bﬁm Itﬁvé%r pcﬂﬂ@uﬁ% k@rn @@M@ (ﬁbﬁ ShHREN s TRADVIE walt&s (st ance,

as shown in , a waxl ess polishing step 108A shows a case in

whi ch ' f f |
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a case in e side po ormed in a primary polishing
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Thus there is known a holding method named a waxless system in
10 which, without using vacuum chucking or adhesion by wax, a soft material
named a backing pad is used for holding a wafer. Also there is a polishing
method named CMP (Chemical and Mechanical Polishing) in which a wafer
1s polished in such a manner as the wafer is held by a soft backing pad not to
transfer a vacuum chucking side configuration of the wafer to a front surface
15 thereof.

With a combination of various types of polishing apparatus
described above, a wafer is mirror polished by multistage polishing including
primary polishing, secondary polishing, final polishing, and the like.

Currently, the wax mounting system is often used in the above

20  mentioned polishing systems, but in view of deterioration of a flatness level
due to variations in an adhesive layer, cleaning of the wax, and so forth, for
instance, polishing of the waxless system, double side polishing or the like
have also been erployed. For instance, as shown in Fig. 18 (b), a waxless
polishing step 108A sﬁows a case in which polishing of the waxless system is

25  performed in all of a primary polishing step (A1), a secondary polishing step



10 inproved by, for instance, an etching step, a |lapping step prior to the
etching step, or a surface grinding step, and w th keepi ndStJansaiyra®ddved
configuration, making a mrror surface (so-called copy polishing) may be
performed. The conbi nati on of correction polishing and copy polishing nmay
I nprove a flatness level of a waf er “@id nmeke a nirror surface thereof. 15
The secondary polishing step (A2), (B2) is for the main purpose of naking
a mrror surface of the portion which has not been inproved in the prinmary
polishing step (Al), (Bl), and in the secondary polishing step, there is

mai nly orned so-called co Li shi.ng rein.a wafer is palished with
keepi ng B2 a%@i?@#ﬁ%ﬁ%ﬁ%@@ﬂﬁ@ doapanpeiitastel GOBR e
stock 20 renoval of  several p.m In this stage, there are sone cases where
a conf iS§AWEL R o6RS6f it YpRichpdehle sidet polishing aiswaewprmed dav peBri@@atYThe fi nal
polishing step (A3), (B3) is for the purpose of inproving haze, and the
stock r @ebiehing step Bleppdspealishimgoohtothen systemst are eprploged 1 & ness

| evel nore by renoving tapers and the 25 |like of a wafer, it is effective
to pol i skeonarywafadishihg stepr @2 tdna ifinad polisbintghetep (B3L6 January 2004
pol i shing operation, and the waxl ess polishing or the doubl e side

(si niil t aneous) Thel paiay pslighiatestapl é\l),TlﬁBl)eﬁ@lf@: thdesgirs psirpos: of
polishing may be performed in the primary polishing step and so on. \Wen a
waf er i flgrodnisgeshdynikivigcanuanst ettlacyaxh®ss apsepsdtl Meiding S dodbt e si de
(si mul taneous) polishing, although tapers are inproved, a nunber of

peri pherglths@ssiatl rgeiteadioedopmict hesredhil R1htecMeherd poliflahiesdiesh in

mul tiple polishing stages, rises and the like are generated to form
may be used for correcting a wafer configuration (so-called correction
polishing). Recently, before a polishing step, a flatness level of a wafer is

10 improved by, for instance, an etching step, a lapping step prior to the etching
step, or a surface grinding step, and with keeping this improved
configuration, making a mirror surface (so-called copy polishing) may be
performed. The combination of correction polishing and copy polishing may
improve a flatness level of a wafer and make a mirror surface thereof,

15 The secondary polishing step (A2), (B2) is for the main purpose of
making a mirror surface of the portion whiéh has not been improved in the
primary polishing step (A1), (B1), and in the secondary polishing step, there
is mainly performed so-called copy polishing wherein a wafer is polished with
keeping a wafer configuration by rerﬁoving a certain thickness with the stock

20 removal of several ym. In this stage, there are some cases where a
configuration of a peripheral portion of a wafer is corrected.

The final polishing step (A3), (B3) is for the purpose of improving
haze, and the stock removal is of a very small amount.
In order to improve a flatness level more by removing tapers and the

25  like of a wafer, it is effective to polish the wafer while rotating it during the



I nflection points on a wafer surface, especially in peripheral portions
thereof, and make irregularities in a mnute area (nay be16daneaty 2004
nanot opol ogy) or 10 fl atness thereof worse. The peripheral sags descri bed
above are due to a phenonenon wherein the periphery of the wafer is
pol i shed excessively and becones th%yner than the central portion thereof
in terns of thickness. This phenonenon easily occurs when polishing a

waf er by a general nethod. 15 The rises are due to a phenonmenon wherein the
peri phery of the wafer is not polished and becones thicker than the
central portion. This phenonmenon sel dom occurs usually, but often occurs

OP and THENR  OBkinic, Ad Jof PRALERt (RoBRiha “Whont 1O BRT G4 0° ol

CWP and e ri'ses may al SO g %g rate
maki ng  EHE ER RO R PR i B tatalnS o o R, ABenE bR kBB e
ol i shi rBegsbrg B BAS BBt NIR BEIStRe 80 Bags are gener ated). The
Dol i shed. | n' oV R0 o ARULE BOIHRA PFLE 1RV ¢ HaoRAlouaieee POBRBIE 68, 16
January 20 7 The presence of the_inflection points nakes the val ue terned
nanot%po&@%ﬁem&dé’eﬁl%tw o lsding.majtheachl $apewsr mze Wapesvegodt aphy) i s
one of surface eval uation wherein a wafer surface is divided into a
pl ur al i t pustbespbperiphensd sagyare genemteds Bnuolicatilvits tipwakertio polikhey: PV
val ue) for each of the areas is evaluated. The evaluation is carried out
as to whit henltitlat pplisloegt sigeesf rises and the like are generated to form
inflection points on a wafer surface, especially in peripheral portions thereof,
and make irregularities in a minute area (may be termed nanotopology) or
10  flatness thereof worse.
The peripheral sags described above are due to a phenomenon
wherein the periphery of the wafer is polished excessively and becomes
thinner than the central portion thereof in terms of thickness. This
phenomenon easily occurs when polishing a wafer by a general method.
15 The rises are due to a phenomenon wherein the periphery of the
wafer is not polished and becomes thicker than the central portion. This
phenomenon seldom occurs usually, but often occurs when a wafer is polished
with a polishing head using a retainer ring in CMP and the like.
The rises may also be generafed when the polishing rate is
20 intentionally slowed down in the wafer periphery by, for instance, making
the polishing pressure lower only in the periphery than in the central portion
to improve the flatness level in the primary or secondary polishing step (on
the assumption that peripheral sags are generated).

The inflection points are formed when a wafer having the peripheral

25  sags is polished in the above described manner that the rises are generated.



the wafer surface is occupied by the areas having the specified variation
in undul ations (PV value) or what extent is the maxi num PUSvahuary2a0#g t he
PV values for all the evaluated areas. 10 The flatness is based on a back
side reference, a front side reference, etc., and expressed, for instance,
as SBIR or SFOR. Here, the SBIR (Sit.ef.Back side |Ideal Range) is defined as
a difference in the distance between the highest position and the | owest
position froma vacuum chucki ng face which vacuum chucks and fixes a

waf er, when assumi ng the chucking face as a 15 fixed reference for fl atness
and eval uating each site (each area obtained by dividing the entire
surface The pré@fiRe dfithe 1hESPEEH iPientd’ BAkES PR vah?@%émém nhRst hand,
the SFQR (Site Front | east- stares Range) is a value expressing maxi num
range ofypfdeequl arities against an average plane of a front side reference
in terns of tlatness, the average plane being 20 cal cul ated for each site.

hanot opol ogy off ‘“—Lﬁgﬁ?@ﬁ’%’”&%@faﬁ?"%re%%?ret%réﬁd' SR artatid s ol f8% to the

doubl

sags aro SRty lihatlitee S5 BN ﬁ??e’:ssil??)‘r%%fl %ﬁalzta i) " he
d bo f f

i g ot Gt ERErGIon %%‘5"5 6 S0 elc e Tl B e doh §PCBORADE W smal | er

by reducm ? afcl;l,cl_ée |nthe doubl e side pO|IShI step in_order to
meke a nf° erS‘u @4 HFE}%F 13 CRERCG Qipanibo Pdether W pﬁﬁcem#ége 8fibsequent
secondary p 5’51%}% step, and |arge sags are generated after all. Also
when a V\%]Iee ?"é‘c%SeQFCPBl 950by $he Ageas hanmaha éB%Clﬁ?@tV@matwgsn are 5

easily generat ed in the periphery of the wafer as in the case of double
si de undulations (PV value) or what extent is the maximum PV value among the

PV values for all the evaluated areas.

10 The flatness is based on a back side reference, a front side reference,
etc., and expressed, for instance, as SBIR or SFQR. Here, the SBIR (Site
Back side Ideal Range) is defined as a difference in the distance between the
highest position and the lowest position from a vacuum chucking face which
vacuum chucks and fixes a wafer, when assuming the chucking face as a

15  fixed reference for flatness and evaluating each site (each area obtained by
dividing the entire surface of a wafer into respective prescribed areas).

On the other hand, the SFQR (Site Front least-sQuares Range) is a
value expressing a maximum range of irregularities against an average plane
of a front side reference in terms of ﬂatnesé, the éverage plane being

20  calculated for each site. As to the wafer flatness, it is necessary to improve
the SFQR and nanotopology of the frbnt side reference.

When a wafer is subjected to the double side polishing only,
although an inflection point is not formed, sags are easily generated in the
periphery of the wafer. Especially, the sags are generated on both surfaces of

25  the wafer, and hence there is a big effect thereof. Although the sags can be



polishing, and the flatness level is not sufficient. D sclosure of the

I nvention: It is an object of the present invention to prod6dengarnabes 10
manuf act uri ng met hod and a pol i shing apparatus which enable control of
sags in the periphery of the wafer that is the nost difficult problemin
the polishing techniques and inproVéhbnt of nanot opol ogy val ues t hereof
that is especially required in recent years, and also to provide wafers
having the inproved quality described above. 15 To solve the probl em
descri bed above, the wafer manufacturing nethod according to the present

I nvention gonpri.ses the step of performng _back side poljshing of the

waf er tdnﬁﬁ_%gg@éﬁ’é'st?ye%f%i asitare remayalom the gou@gﬁp%p styngteB, f or
making a mrror surface of the wafer, The reference plane of the wafer is a
pl ane wHRcHrden o Jake Bamawgr ispriaze 3, langemstonkcrameyal indepuireddnetheor ¢ he
like onto a flat wafer holding plate to make forcibly the wafer flat and
pol i shi raythsheuewrtf sscondarhpolishimgsstap eandlafger sigs\gregemeratest afyer gl i shi ng
process in which a wafer is polished in nmultiple stages is enployed as the
pol i shi njlspreobes s, wafed ishaibientld teipddishilg ehthegwiaxlqeerdystemdsadd are a
primary polishing step in the nultistage 25 polishing process. | 9 16
Janudry €60% gendrhtednid ths pagphpoy iof thagrvafepaesis, tHehexsaadfadonitie pidd er abl y
polished in the sequence of double side (sinultaneous) polishing, back

si de (sipgdishing, €] tipoflashdsadevdlriomiot suffiriésti. ngl e si de) secondary
polishing, and front side (single side) final polishing. Thus after the
doubl e si de sinultaneous

Disclosure of the Invention:
It is an object of the present invention to provide a wafer
10 manufacturing method and a polishing apparatus which enable control of
sags in the periphery of the wafer that is the most difficult problem in the
polishing technigques and improvement of nanotopology values thereof that is
especially required in recent years, and also to provide wafers having the
improved quality described above.
15 To solve the problem described above, the wafer manufacturing
method according to the present invention comprises the step of performing
back side polishing of the wafer to produce a reference plane thereof in a
polishing process for making a mirror surface of the wafer.
" The reference plane of the wafer is a plane which can be obtained by
20  vacuum chucking a warped wafer or the like onto a flat wafer holding plate to
make forcibly the wafer flat and polishing the wafer in the flat state.
Preferably, a multistage polishing process in which a wafer is
polished in multiple stages is employed as the polishing process, and the back
side polishing is performed after a primary polishing step in the multistage

25 polishing process.



5 polishing (primary polishing step), there is preferably introduced a step

in which a wafer is vacuum chucked onto a flat wafer hol di@gamiaay 2004 make
forcibly the wafer flat and the back surface thereof is polished. The wafer
whi ch has been doubl e side polished in the double side sinultaneous
polishing step is excellent in tapers, but has a problemthat 10 sags are
easily generated in its periphery; f®erefore in the double side pol i shi ng
step the wafer is preferably polished with the stock renoval of the order
of Sumto 20pmfor the both surfaces thereof. Further in the nultistage
polishing step the wafer is preferably polished in the sequence of front
side (single side) pripary pol.ishing based on the front sjde reference

pol i shing 15 sigttgmm%léhsﬁage a@%@pﬁ@r@%ﬁsa&be pafersisinrglerabbnpolashed (singl e
si de) secondary polishing, and front_side Ssingle si de). final polishing.
Thus af ti&r thensequanse ofsd@tgblgcﬁlﬁg sigulteneows)i pelishingl baek side (¥pgleased on
the front side reference polishing system there is preferably introduced
a step isdehpeishingafrontiside \Kam@lmﬁuieicaee@nmop@liﬂiag, waflefronbisitleng pl at e
to make forcibly the wafer 20 flat and the back surface thereof is

pol i shedsirie ssids) HerdupelishimgwafBhushifedr thasddbeds gidei siwditanesusi ng t o
the front side reference polishing systemis excellent in nanotopol ogy,

but &s ipolishéng ¢piihenryi peigiohpshemy thags iapeefendilyintgenesdtedtepnin t S

peri phery. As an exanple of the polishing based on the front side reference

25 pol i shhivh 8weifemis ieuan shwekd®sstdal fishiwmndebaskingplhhetd enpat e
systemor 16 January 2004 10 the like, and in this case it is preferable

to enpl opreyBhtiee wafdrsidten$yisd BariaSurfcdvBidiof & pelishedy a wafer hol di ng
portion of a soft elastic filmsuch as a backing pad or a soft film This
polishing syst aRLARFERERISN kUM @b@fle side polished in the double side
simultaneous polishing step is excellent in tapers, but has a problem that
10  sags are easily generated in its periphery; therefore in the double side
polishing step the wafer is preferably polished with the stock removal of the
order of 5um to 20pm for the both surfaces thereof. Further in the multistage
polishing step the wafer is preferably polished in the sequence of front side
(single side) primary polishing based on the front side reference polishing
15 system, back side (single side) polishing, front side (single side) secondary
polishing, and front side (single side) final polishing. Thus after the front
side polishing (the primary polishing step) based on the front side reference
polishing system, there is preferably introduced a step in which a wafer is
vacuum chucked onto a flat wafer holding plate to make.forcibly the wafer
20 flat and the back surface thereof is polished. This is because the wafer which
has been polished according to the front side reference polishing system is
excellent in nanotopology, but as in the double side polishing sags are easily
generated in its periphery.
As an example of the polishing based on the front side reference

25 polishing system, there is waxless polishing based on the template system or



reference polishin ossible. 5 Next, in the back side polishing newy
introducedpaccordiggpto the present invention, the wafer 18 Janean¥aedy

pol ished using a flat wafer holding plate with a high hardness which hol ds
the wafer by means of .vacuum chucking or the like. In this case, the wafer
is preferably polished in a manner.4Rat vacuum chucking nmarks are not
transferred to the wafer. For 10 thiS end, the wafer should be held in a
manner that throughholes for vacuum chucking are nmade smaller, or a vacuum
chucking pressure is set as low as possible. Wth this polishing nanner,
the flatness of one surface of the polished wafer is inproved so as to

d : Th | I istpelishing is in the
ange. of ehe 5 Paain (PSR if AepRighle 17 BRIy Bk %mek%ﬁ#‘a@ﬁ%vesrt?mﬁfe |
flat i she r Q exceklent, up to .its ri phery. It
i saalnggs%g‘tsasflégﬁsegt%%d %9 o%tﬁ:\%f eg hrogg@rge”ﬁ% 14t Qtél BYfE "Ilﬁ‘téc’h% %‘P‘&r Bﬁta 3 ur f gce
f th f but, in the present.invention a reference plang is . produce
gy po?i \;%C%H%pégccignglﬁoﬁaﬁi}mt hﬁ‘b’so?‘?h g8 gystem camm %}@ngoﬂésﬂ enti on,
it is indi.spensabl.e to prodyce a reference plane of a wafer by polishing a
back surrfeg?,l{éng)‘?p?hgh’\ﬂﬁf .Sﬂ#ﬁi s is because if the front surface is further

i i i shi I | i shing, sags are
Firt Rer - ganer aliA 1 128 hagk S epyinEnae pe nuraguent prs dinetotha
pol i shing head (a wafer holding 25 nethod), vacuum chucking narks may be
formed diFeppit Boentkadthemrierls mefasblanolisheogng-a flat mger héldirig at ness

and nanotopol ogy of the wafer are deteriorated. This is also because in
or der td)lﬁg‘br"@% 2 Haghahatdnsses oghicds haldsr the wafer by means of vacuum

chucking or the like. In this case, the wafer is preferably polished in a

manner that vacuum chucking marks are not transferred to the wafer. For

10  this end, the wafer should be held in a manner that throughholes for vacuum
chucking are made smaller, or a vacuum chucking pressure. 1s set as low as
possible. With this polishing manner, the flatness of one surface of the
polished wafer is improved so as to produce a reference plane. The stock
removal in this polishing is in the range of the order of 3 to 10pm. With this |

15  polishing manner, the flatness of the polished wafer becomes excellent up to
its periphery.

It 1s also possible to produce a reference plane by polishing a front
surface of the wafer, but in the present invention a reference plane is
produced by polishing a back surface thereof. That is, in the present

20  invention, it is indispensable to produce a reference plane of a wafer by
polishing a back surface of the wafer.

This is because if the front surface is further polished after double
side polishing or waxless polishing, sags are further generated in its
periphery, and depending on the type of a polishing head (a wafer holding

25 method), vacuum chucking marks may be formed on the polished surface, so



side reference, it is necessary to prevent the deterioration as described
above, and to adjust the flatness or peripheral sags on thé Jhasdty 2004 ace

i ndependent 5 of the nanotopol ogy of the front surface. Although there is
a technique performng the back side polishing after the double side
pol i shing anong the prior arts, this_is not for producing a reference

pl ane, but for the case where the (bééR side) polishing is perforned for
intentionally making the surface roughness of a wafer rougher 10 to clearly
di scrim nate between the front surface and the back surface after the
doubl e side polishing. In the present invention, the polishing after the
doubl e sji.de pol jshing is not perfor for_ making the back surface rougher,
but for %@itﬁg flﬁ#@%%%’k& wnpgﬁ@imrq epdes pen d@iﬁ?mq)ratﬁg-t his stage to

i mprove flatness and other surface states. 15 It is especially preferable
to perform t he THERS glsgebgranpe fn nyder toeimpraye thei mengiopeloes 9f agiromhe
primary polishing is performed with a double side polishing apparatus to
renove t gigersferenceyyt isendcessarpdb ipstivary thasleteorathen a$ desurilsiddabavef er ence
polishing systemto inprove flatness of the entire wafer. After that, the
back surfndeo adjustiths fledness qrpdimeral sedene thebatlaserfaenihddpendant t he
front surface is subjected to the secondary polishing and final polishing
to rmanubiidtemenaopalbey ofithd froatisaffageti on point in its periphery. Now,
note that the primary polishing, secondary polishing, and final (tertiary)

polishing are Alhoegsetehyid hetdafitfle PérioAhigdithe Bdckesidefpaishignt
surface of a wafer. By introduction of the back side polishing step,

I Ihat nessaftbr the dedble’Sde géli%h%ra:ﬁbﬁ%ﬂﬁ@ﬁﬁw art ALARSS Rt for hrlcisyr f ace

ereof) is inproved. To be mobre 16 January 2004 -12 precise, by vacuum

chucki nga apdeRAlck SPiaH, Lt f50Rhe SEdeaGher¥N B (B8ck side) polishing is
performed for intentionally making the surface roughness of a wafer rougher

10  to clearly discriminate betweén the front surface and the back surface after
the double side polishing. In the present invention, the polishing after the
double side polishing is not performed for making the back éurface rougher,
but for making the back surface mirror polished still in this stage to improve
flatness and other surface states:

15 It 1s especially preferable to perform the back side polishing after the
primary polishing. The primary polishing is performed with a double side
polishing apparatus to remove tapers, or by waxless polishing based on the
front side reference polishing system to improve flatness of the entire wafer.
After that, the back surface is polished to produce a reference plane, and then

20  the front surface is subjected to the secondary polishing and final polishing to
manufacture a wafer with no inflection point in its periphery. Now, note that
the primary polishing, secondary polishing, and final (tertiary) polishing are
expressed by the number of polishing times of a front surface of a wafer.

By introduction of the back side polishing step, flatness of the entire

25  wafer (indirectly flatness of a front surface thereof) is improved. To be more



vacuum chucking is rel eased, the flatness and peripheral sags of the front
surface are i-nproved w t hout polishing the front surface. ASfleatary@004 the
waf er manufacturing nethod according to the 5 present invention resides in
the point that the wafer is not vacuum chucked (fixed) when a front
surface thereof is polished and the_yafer is fixed when a back surface
thereof is polished. There is no specific limtation on the fixing nethod
of the wafer when the back surface thereof is polished, but the wafer is
fixed onto a flat wafer holding plate with adhesi on by wax or vacuum 10
chucki'-ng to nmake forcibly the fixed side surface of the wafer flat, a back

surface }ﬁf C{SES bﬁ&gélﬂ?ﬁl Qﬂpaahgggﬁ& F%JV]%V%.IE?% %r(ee 5? Cétﬁ:?ace\,mvgﬂeﬁ m%ef ront

surface "0 iI's pol'i's sS polishing system based on the
front side reference polishin st or the like is,enplo nd when the
back surt e EoERES R AP, THE Bl kA napithdsi Baks SETBe B ohi ng
system 15 i.,s enpl.oyed i ich the.wafer iL.s held.on a work holding plate
havi ng asurf%qeeé%de%prﬁygagv%%q }1195%?1%'109513%%: polishing is perforned
in the sequence of the front side polishing, back side pqlishing, and the
front side polt sfgﬁﬁﬁffe ?’%éﬁfer\éfﬁfersp%?éﬂ%aﬁvgmgqgnm&aeﬁ%ﬁmsj tefﬁne
nanot.opol ogy conpl eted, ,Land the back side polishing nakes quality of

f 1 at RessPLeSARt Breationgresidas ipothie prnt shalethrowadar wnaiftasnunhebueksdd si de

pol i shi n&,x t@Ee secondary polishing and final polishing should be

per f or nedixegdiWhemea fuomb sutfase ttheraof hepelighert sud shewafwhisfixed yhehe fi nal
polishing is perfornmed, or when additional polishing stages are enployed

i n addi thagk swiatrethayeviisqedishiete dpotk iis hbrpesifiedsnitationstmothe filkmegnot ed
that either the front side reference polishing systemor the 25 back side

r ef er enceaepadd shibegwsiestwhemale beck sptiaye thémeof Fopolsthiedgbwt the svafér January

2004 - 1315 fixed onto a flat wafer holding plate with adhesion by wax or vacuum
10 chucking to make forcibly the fixed side surface of the wafer flat, a back
surface of the wafer being polished. To be more precise, when the front
surface of the wafer is polished, the waxless polishing system based on the
front side reference polishing system or the like is employed, and when the

back surface of the wafer is polished, the back side reference polishing system

15 is employed in which the wafer is held on a work holding plate having a
reference plane. Especially, in that case, polishing is performed in the
sequence of the front side polishing, back side polishing, and the front side
polishing. The front side polishing makes quality of nanotopology completed,

and the back side polishing makes quality of flatness cdmpleted. For the

20  front side polishing after the back side polishing, the secondary polishing and
final polishing should be performed, but the same effect can be expected even
when only the final polishing is performed, or when additional polishing
stages are employed in addition to the above described polishing steps. It

should be noted that either the front side reference polishing system or the

25  back side reference polishing system may be employed for polishing with a



smal | amount of stock renoval such as final polishing. A first aspect of

t he polishing apparatus according to the present inventiofi6denyary28e4 a
first polishing section for performng primary polishing of a front
surface of a wafer based on the front side reference 5 polishing system a
first inverting unit for turning the_ wafer polished in the first polishing
section upside down; a second polish# g section for polishing a back
surface of the wafer in the state where the wafer polished in the first
pol i shing section is vacuum chucked onto a flat wafer holding plate to nake
forcibly the wafer flat; a second inverting unit for turning the wafer

polished, 10.,in th ond_polishing section. upsi de down; a third polishing
section Sfr%gu a&?“frgzr%%ﬁ%c Jéég%ﬂ S)choﬁfsligﬂ %‘?phlflﬁe front surface of the
waf er based on the  waxl ess stem, .and a fourth polishing section for
performning findt %ﬁﬁfl P%?&g‘)f §¥e pﬁ]éshlpgnquag,afsg%@cgqrdg% twgh@rpll?ﬁ%@d on the
wax| ess system A second aspgct of the polishing apparatus according to the
present m\i/’snrlﬁveﬁ?m@ﬁwﬁcwdﬁ?@ polishing; septien ipstforgingc prionary
conprises: . a.first olishing section for polishing a front surface of a
waf er wiRHEING ua fronth garlagy of »aeades hdsedeonfthehfronbiside reforenet
inverting unit for turning the wafer polished in the first polishing

sect Pon RPEhdeE gpsiemsa Sesloinyepdbgshithdor boningnhé eorafpopokshatgirt tee back
surface of the wafer in the state where the 20 wafer polished in the first
pol i shi ngrstaotisbing seotmouepsida dokved acetond pbliahin gnedeeiontfor dohighiplsat € t o
make forcibly the wafer flat; a second inverting unit for turning the

waf er potackhsarface bhehes eadead ipdche shitegwhend it widsi gelidiooin ghe ikt d
pol i shing section for polishing the front surface of the wafer w thout

vacuum ciulidhing stétdob ackacuithadeckbd bheo wel & wald HildivehRite 36 G416 Ng to
the present invention has both mrror 16 January 2004
forcibly the wafer flat; a second inverting unit for turning the wafer polished
10 in the second polishing section upside down; a third polishing section for
performing secondary polishing of the front surface of the wafer based on the
waxless system; and a fourth polishing section for performing final polishing
of the front surface of the wa_.fer based on the waxless system.
A second aspect of the polishing apparatus according to the present
15 invention including at least three polishing sections comprises: a first
polishing section for polishing a front surface of a wafer without lvacuum
chucking a back surface of the wafer; a first inverting unit for turning the
wafer polished in the first polishing section upside down; a second polishing
section for polishing the back surface of the wafer in the state where the
20  wafer polished in the first polishing section is vacuum chucked onto a flat
wafer holding plate to make forcibly the wafer flat; a second inverting unit for
turning the wafer polished in the second polishing section upside down; a
third pqlishing section for polishing the front surface of the wafer without

vacuum chucking the back surface of the wafer.

25 The wafer according to the present invention has both mirror



14 polished surfaces, wherein one main surface of the wafer has a
configuration that an SFQRmax is 0.10p.mor |ess and ther d86iJgnuasy 2004
inflection point in a center side of 2mm fromthe peripheral edge of the
wafer. The inflection point is a point at which a configuration of the
surface changes froma convex 5 statd4to a concave state or froma concave
state to a convex state, that is, a part at which a sign of the
differential coefficient changes fromplus to mnus or frommnus to plus.
The wafer of the present invention is characterized in that there is no
abrupt change in this. curvature. Especially the wafer has no |arge change
inirre ed; patages owbeugim ane maiwsuripce ﬁgt}wﬁaWéferaF&%ﬁl gpmigeratian t he
present invention, it is preferable that a front surface of the wafer is

di vi ded thatoam HTQRmax 6 8i102mm or b ayyl shereatsens , infleption gicint 6h @ach of
the areas is evaluated, and the maxi num PV val ue anong the PV val ues for

al | eval eeaxtex siteea$ 2 2fBom the ipesiphetsl Bilgebf Bhsawaferi chhofinflbetidX awi ngs:
Fig. 1 is a flow chart showi ng an exanple of a process sequence in a first
enbodi mepdinbdis a ponafteat whivhf @ condigug tivet dfatic aneficdichgnkes frioen arcegest
invention, and a part (a) shows a wafer manufacturing process sequence,

whil & a gtard t¢ b)comlaws stateodd Sbirng PHELES Sta36 GYaNEdivexOsthtd) thatiis & map
showi ng flatness of a front surface of a wafer after having been polished

in | nvenpanteatbraibl £sikn Hfithe d3ffbfordidRBe FROM NG oRE BRSS pPhs & IiARE Surface
of a wafer after having been polished in Conparative Exanple 1, Fig. 4 is

a map shemrogh fliahoesslef Phi Lty stiHeA5R <0kt Rvaateh idlhefactéd-0@yh ng been
polished in Conparative Exanple 2; 16 January 2004
that there is no abrupt change in this curvature. Especially the wafer has no
large change in irregularities of 0.02pm or more. In the wafer according to
10  the present invention, it is preferable that a front surface of the wafer is
divided into a plurality of 2mm X 2mm square areas, a PV value of each of

the areas is evaluated, and the maximum PV value among the PV values for

all evaluated areas is 20nm or less.

15  Brief Description of the Drawings:

Fig. 1 is a flow chart showing an example of a process sequence in a
first embodiment of a wafer manufacturing method according to the present
invention, and a part (a) shows a wafer manufacturing process sequence,
while a part (b) shows a po]ishing' process sequence;

20 Fig. 2 is a map showing flatness of a front surface of a wafer after
having been polished in Inventive Example 1;

Fig. 8 is a map showing flatness of a front surface of a wafer after
having been polished in Comparative Example 1;

Fig. 4 is a map showing flatness of a front surface of a wafer after

25  having been polished in Comparative Example 2;



-15 Fig. 5 is a graph showi ng cross-sectional shapes of peripheries of
wafers (a relationship between a distance froman edge of tédammiero®nd a
change in thickness thereof) after having been polished in Inventive
Exanple 1, Conparative Exanple 1, and Conparative Exanple 2, respectively;
5 Fig. 6 is a graph show ng relationshi ps between PV val ues and occupancy
rates of wafers having been polishedl®?n Inventive Exanple 1, Conparative
Exanpl e 1, and Conparative Exanple 2, respectively;, Fig. 7 is a schematic
vi ew showi ng an exanple of a process sequence in the first enbodi nent of

t he waf er manufacturing nethod according to the 10 present invention; Fig.
8 is a schemati ¢ view showi_ng a process sequencge_for nufacturing a wafer
in Conpar at i ve Fisxapyip e graph ghowing ciosg:srobionat shppes é’gadwrﬂgl%'ﬁtﬁ Bgess
sequence for manufacturing a wafer in Conparative Exanple 2; 15 Fig. 10 is
a flow chafers éagulatipreshinebatmeen of distanescirom supegecel the waferandn

enbodi nent of the wafer manufacturing nethod according to the present

i nvent i athangadnahjrkmiess therebd after heafing brempbhshed imnymdtesExamplpience,
while a part (b) shows a wafer polishing process sequence; Fig. 11 is a
schemat i I, Gopparstivy Expinpbe 1] end Sooudagtare EX0mebbldravpattiotlya waf er

manuf acturi ng apparatus according to the present invention; Fig. 12 is a
schemati c expl @igt 6r i enpaipdedhswiey webwicidith s hetWee R SBYNVilalespaid of Fig.

11; Fig. 13 is a schematic explanatory plan view show ng another 25
enbodi Negicuphnéy Wat&y of BrufEAL hkAng happapalidiedate qudeftve Exhephy asent
Comparative Example 1, and Comparative Example 2, respectively;
Fig. 7 is a schematic view showing an example of a process sequence
in the first embodiment of the wafer manufacturing method according to the

10  present invention;

Fig. 8 is a schematic view showing a process sequence for
manufacturing a wafer in Comparative Example 1;

Fig. 9 is a schematic view showing a process sequence for
manufacturing a wafer in Comparative Example 2;

15 Fig. 10 is a flow chart showing an example of a process sequence in a
second embodiment of the wafer manufacturing method according to the
present invention, and a part (a) shows a wafer manufacturing process
sequence, while a part (b) shows a wafer polishing process sequence;

Fig. 11 1s a schematic explanatory -plan view showing an

20 embodiment of a wafer manufacturing apparatus according to the present
invention;

Fig. 12 is a schematic explanatory enlarged side view showing an
essential part of Fig. 11
Fig. 13 is a schematic explanatory plan view showing another

25 embodiment of a wafer manufacturing apparatus according to the present




16 January 2004 -16.invention; Fig. 14 is an explanatory side view show ng

an exanple of a single side polishing apparatus; Fig. 15 18 JanysrgReol out
cross-sectional explanatory view of an 5 essential part show ng an exanpl e
of a doubl e side polishing apparatus; Fig. 16 is a picked out
cross-sectional explanatory vieM/of_ig_ essential part show ng an exanple
of a polishing apparatus used for ba side polishing; Fig. 17 is a picked
out cross-sectional explanatory view of an 10 essential part showi ng an
exanpl e of a wafer polishing apparatus based on a tenplate systenm and
Fig. 18 is a flow chart showi ng an exanple of a process sequence of a
conventi.onal ,.wafer manufacturing nethod, and a part (a) shows a wafer
nanufacﬂ&yﬁﬂgﬂﬁfocess sequence, while a part (b) shows a polishing process

15 sequence. Best de for rrying.Qut, the I nvention: Enbodi nents of the
present invent iefﬁﬁ' i/&és GBS HRY O %H%JW%&‘?“%JFD&%@&@}P@W& aaﬂﬁgi?ded
drawi ngs,. ,and..i }t:l is needless to say that various 20 nodifications are
possi bl SR PRUSPNGAPRFERE enbodi ments wi t hout departing fromthe scope
of the technical, idea of the present invention. Fig. 1 is a flow chart
showi ng an exadPBe 16 iy dpriveked wrqoesesertioral erpBmasasodiigenel ¢fn a waf er
manuf act uri ng nmethod according to the present invention, and a part (a)
show® a saseBFahaaty skawingan pxavpbsofsedoehleside polishingapparatys; (b) shows a
poli shing process sequence.
Fig. 16 is a picked out cross-sectional explanatory view of an
essential part showing an example of a polishing apparatus used for back
side polishing;
Fig. 17 1s a picked out cross-sectional explanatory view of an
10 essential part showing an example of a wafer polishing apparatus based on a
template system; and
Fig. 18 is a flow chart showing an example of a process sequence of a
conventional wafer manufacturing method, and a part (a) shows a wafer

manufacturing process sequence, while a part (b) shows a polishing process

15 sequence.

Best Mode for Carrying Out the Invention:

Embodiments of the present invention are described below with
feference to the appended drawings, and it is needless to say that various
20  modifications are possible in addition to the embodiments without departing

from the scope of the technical idea of the present invention.
Fig. 1is a flow chart showing an example of a process sequence in a
| first embodiment of a wafer manufacturing method according to the present
invention, and a part {(a) shows a wafer manufacturing process sequence,

25  while a part (b) shows a polishing process sequence.



16 January 2004 -17 The wafer manufacturing process shown in Fig ﬁg
simlar to the conventional wafer manufacturing process sH@wH"UﬁV 94

(a), but a polishing step 107 of the inventive nmethod is different from
the conventional polishing step 108. 5 The polishing step 107 of the
inventive nethod, as shown in Fig. 117¢b), conprises a double side

simul taneous (primary) polishing step 107a, a single side (backside)
polishing step 107b, a single side (front side) secondary polishing step
107c, and a single side (front side) final polishing step 107d. The
different point of this process fromthe conventional double side polishing
10 step 108B sMimerwafer Bianufadturing pesiedeshown ih Mg th) ¢ siphidarsiotbe( back
side) polishing step 107b is provided after the doubl e side sinultaneous
(pri mar ypnveoetiosll ek raanAfacdiasitiy besceler shovaefior &ig.a 18e{Lr emge apl ane of
a wafer is produced by polishing a back surface of the wafer; this

t echni cglolizbiry step 10Eof tHeeiRiveative eREEHA 8131 HBR IATRSE o cBHOBAEGRAl 15 TO
performthe doubl e side simultaneous (primary) polishing step 107a, there
may be ysghihestipb® side polishing apparatus 220 generally. known as an
apparatus polishing simltaneously both the back surface and front surface

of agseni conduqtr H@Jkﬁ%g%%eﬁ%@‘?%f'% 1%&&&?5%%%@&9 %%Ewgom g%ﬁs for a

pol i shi ng apparatus used in‘the bac side polishing s of the

f I
or oduce ' SReYARe B a%éé %a#ﬁsﬁ%lmﬁ?%@?@@ ﬂ?ﬂ%@%@? Ry M
Fig. 16 b Lo f |.i shi
a “poii SHAME S‘?dgﬁt%’ ks nlc%%%g%f@aﬁgan &sﬁt}eﬁ?@ﬁie%bsoeﬁé 885 o ch i <
made of ﬂ]oﬁls?uﬁrg %lﬁc SUC a smgle sfglet(lhro 1de) ﬁlna Shs%nclig %Q:gﬁ/ Ilg'?g with a

The different point of this process from the conventional double side polishing

10 step 108B shown in Fig. 18 (b) resides in that the single side (back side)
polishing step 107b is provided after the double side simultaneous (primary)
polishing 107a. As described hereinbefore, a reference plane of a wafer is
produced by polishing a back surface of the wafer; this technical point is the
greatest feature of the present invention.

15 ‘To perform the double side simultaneous (primary) polishing step
1072, there may be used the double side polishing apparatus 220 generally.
known as an apparatus polishing simultaneously both the back surface and
front surface of a semiconductor wafer as explained with reference to Fig. 15.

As for a polishing apparatus used in the Back side polishing step

20  107b of the inventive feature, there is no limitation as long as the apparatus
can produce a reference plane, and, for instance, the apparatus as shown in
Fig. 16 may be used. In Fig. 16, a wafer holding plate 152 for polishing in a
polishing apparatus 150 includes a wafer holding plate body 158 which is

~ made of hard materials such as SiC with high flatness and provided with a

25 wafer holding surface 154 and a number of throughholes 156 for vacuum



25 waf er hol ding surface 154 and ,a nunber of throughholes 156 for vacuum 16

January 2004 _18_ chucking. These throughhol es 156 communigadssudhrosgh a
vacuum path 160 with a vacuumunit (not shown), and when a vacuumis
provided therein, a wafer (W is vacuum chucked onto the wafer hol ding
face 154. Further the 5 wafer holdiﬁg surface 154 of the wafer hol ding

pl ate body 158 nay be covered with &« resin coating 162 having throughhol es
t herein. When polishing the wafer (W, the wafer (W is held onto the wafer
hol di ng surface 154 of the wafer holding plate for polishing use 152 by
means of vacuum chucking or the |ike, and the wafer holding plate 152

hol ding the 10 wafer (W is set to a polishing head 166 having a rotary
shaft 168UCEME, the wafer (W is rotated by the polishing head 166 and

simul taneously is pressed. to a golishing cloth adhered onto a turn table
(not shown) rot&epnghigughheles A8 comegunicade tfm@& AefasyEen 40 168

denotes an_ air supply path provided in_ 15 parallel with the vacuum path
160, an@vxthi&vawumuprpltgn@bslhovm}a agghwpeass vadawm sHeoweded: thespdi, g pl at e
body 158 novably supported on the wafer holding plate 152 by an elastic
support wpaferi(®h s Azcnmue chiickedbbato the wiader hilding facuppt.y Fvgtlherthent o a
pressuri zing space 170 provided inside the wafer holding plate 152 and
abové t heafsathetding sirfrpe 5t of thedyafebBpldihg pldted odyf B18 20y (Wcoveraty pressed
to the polishing cloth of the turn table (not shown) under pressure. A
pol i shi ngithgerdsih sostipplicecthating thpmgiHhodek fHepvir.ate onto the poli shing
cloth froma nozzle (not shown), and the wafer (W is polished by
When polishing the wafer (W), the wafer (W) is held onto the wafer
holding surface 154 of the wafer holding plate for polishing use 152 by means
of vacuum chucking or the like, and the wafer holding plate 152 holding the
10  wafer (W) is set to a polishing head 166 having a rotary shaft 164. Then the
wafer (W) is rotated by the polishing head 166 and simultaneously is pressed
to a polishing cloth adhered onto a turn table (not shown) rotating with a
specified load.
The reference numeral 168 denotes an air supply path provided in
15 parallel with the vacuum path 160, and this air supply pafh 168 can press
down the wafer holding plate body 158 movably supported on the wafer
holding plate 152 by an elastic support portion 172 made of rubber or the like
by supplying air into a pressurizing space 170 provided inside the wafer
holding plate 152 and above the wafer holding plate body 158, thus the wafer
20 (W) being pressed to the polishing cloth of the turn table (not shown) under
pressure.
A polishing agent is supplied at a specified flow rate onto the
polishing cloth from a nozzle (not shown), and the wafer (W) is polished by
the use of the polishing agent supplied between the wafer (W) and the

256  polishing cloth. By provision of the above described polishing, a reference



t he use of the polishing agent supplied between the wafer (W and the 25
pol i shing cloth. By provision of the above described poli sHENgNuy2804rence
16 January 2004 pl ane.of the wafer (W can be produced. After the above
pol i shing, although the wafer is stj{é_flat in the vacuum chucked state,
when the vacuum chucking is releasedy“the wafer is apt to return to the
original shape. At this tine, peripheral sags on a front 5 surface of the
waf er are inproved. Wien a stock renoval is |large even in case of the back
side polishing, sags are apt to be generated in the periphery of a wafer.

However, .even,j.f sags e nerated ,on a back surface of a wafer, or
i nflect ipc%n‘foBﬂ;heswéf% (V@;@Srgﬁ? PEAEYEEn, in the secondary polishing step a

front surface qf the wafer 10_is.polished with keeping ifs.configuration by
hol di ng a back fﬁ?eagfw‘i w&hsaw%ralﬁgom eoWaiershy stifaflrt Ag or the
li ke not to transfer a back_ surface configuration, whereby only the front
sur f ace vecuppe chuagkad sigde bwhenrthedvachum chugkinggs relgasgdethe Meden ivei ng
affected by the sags on the back surface thereof. 15 Marks of throughhol es
or the laptdomeypen fo she briginadd dhape. aApshisshee, pevipharal sapsi en astoricause
that the wafer is forcibly vacuum chucked in the flat state to produce a

r ef ebencarfdcand the wafat are shpoewedvacuum chucking force is inevitably
required, with the result that configurations in the vicinity of the

t hr oughhol es apyket aasodkarchsoafl ietangeleivehiingas&oftthedppiaidnpdidiinghe 20
mar ks of throughhol es nakes nanot opol ogy of the wafer worse. In this

i nvent i wagseldosht twobeweheraedtietihmpkriphdey polai whifdrg Hevewprel tosmetl, t he

above nmentioned vacuum chucki ng marks appear on the back surface; the
mar kst rsapsf £fd gen@nted tohe abesedc suffaacfhaveaee, ef fiadkctdtn ddintnkre
present thereon, in the secondary polishing step a front surface of the wafer

10 is polished with keeping its configuration by holding a back surface of the
wafer by means of a soft backing pad or the like not to transfer a back surface
configuration, whereby only the front surface of the wafer can be turned into
a mirror surface without being affected by the sags on the back surface
thereof.

15 Marks of throughholes or the like may be transferred onto a polished
surface. This is because that the wafer is forcibly vacuum chucked in the flat
state to produce a reference plane so that a strong vacuum chucking force is
inevitably required, with the result that configurations in the vicinity of the
throughholes appear as marks after polishing. Such appearance of the

20 marks of throughholes makes nanotopology of the wafer worse.

In this inventive method, however, as the back side polishing is
performed, the above mentioned vacuum chucking marks appear on the back
surface; the marks transferred onto the back surface have no effect on a front
surface as in the case of the peripheral sags, so that the secondary polishing

25  of the front surface can be performed without any problems.



surface as in the case of the peripheral sags, so that the secondary
polishing 25 of the front surface can be performed w t houl6 damuapy 2id4ens.
16 January 2004 -20 Therefore, it is preferable to use a polishing
apparatus named CMP in the single side (front side) secondary polishing
step 107c in the inventive nethod.-2h-the CVWP, a wafer is held by a soft
backi ng pad or the like and polished with keeping a configuration of the
waf er surface to be polished. In 5 this step, it is preferable to set the
har dness of the polishing cloth to an Asker C hardness of the order of 70
to 90, that is, rather harder than the ordinary polishing cloth. It is
pref er abl e t hafThierefbhé, st seprafdeable poluss i pajisdtieg appacatusheamed dMPr enoval
is 2lamor |ess, and especially when both the secondary polishing 10 step
107c andnttie dinghl sifel(froht Bifled tseporidhizg palshime btegei0Togethe invearievest ock
removal is in the order of 1 to 1.51im Wth such a stock renoval |evel as

descri bedetthal eIn ithe ICMP, Bokh iy i8theld &y Q%B&ﬂiﬁdl@ﬂg?fadp@f tihdkalamiags i s
prevented, and also a mrror polished surface is nade sufficiently. It

shoul d b ln@kadyithateepiPabAAEREd IR Of thR Wallr suaditel® KOpslegHaad Inl5 al so
in the secondary polishing step 107c by increasing the stock renmoval wth

a polsi shithg sﬁ%‘?ﬁ 4B rablebbdet Bhe haftthelS of Be hbliEhinGANEHSo afAgReSUCH

polishing as described above is -perfornmed, a wafer having inflection

points @By, NG5 {he m%g{o@%%%, thAg &M At Rer hﬁxéc%et}ebh%%cﬂféd@r@{n I shing

step 107c, it 1s preferable to set a stock renov I n a manner tHat
correct isﬁdl-gﬁ{in C];%thonfiguration of a wafer is substantially not nade, and
to poli the er with keeping the configuration obtained in the prinmary

pol i shing step I%‘?s? Srefgflarbqe l%ﬁgé(nf It}gl% s%&lniw_(fabriynlgol%sthqﬁglsggpb lO’?c, the stock
removal is 2pm or less, and especially when both the secondary polishing
10 step 107¢ and the final polishing step 107d are included together, the stock
removal is in the order of 1 to 1.buym. With such a stock removal level as
described above, in this polishing step generation of peripheral sags is

prevented, and also a mirror polished surface is made sufficiently.
It should be noted that a configuration of a wafer can be corrected
15 also in the secondary polishing step 107c¢c by increasing the stock removal
with a polishing head using a retainer ring or the like. However, when such
polishing as described above is performed, a wafer having inflection points
may be easily manufactured. Therefore, in the secondary polishing step 107c,
it is preferable to set a stock removal in a manner that correction of a
20 configuration of a wafer is substantially not made, and to polish the wafer
with keeping the configuration obtained in the primary polishing step 107a

(and back side polishing step 107b).

In the final polishing step 107d, polishing is performed using the
conventional single side polishing apparatus 200 as described in Fig. 14 and a

25  suede type polishing cloth and the like.



In the final polishing-step 107d pollshlng IS perforned usi ng the
conventional single side pollshlng appar atus 200 as descrlbedamwmfﬂgn4l4
and a 25 suede type polishing cloth and the |ike. 16 January 2004 _21.
Generally, there is a tendency that the nore stock renoval, the |arger
peri pheral sags of a wafer. Therefor2l-in order to inprove flatness and
nanot opol ogy of a reference plane, a stock renpoval of the front surface of
the .wafer should be desirably small. 5 By inproving flatness (peripheral
sags) in the state where a stock renpval of the entire front surface of a
wafer is small and polishing the wafer in a manner that a back surface of
the wafer is n@leneraligf heredis n tdmelenspahntiahy more sShocky remepaknidhe
afterward, it is possible to manufacture a wafer having inproved fl atness

and nandaeged mgyphianl bags 6flu hader.r Eheredinesin ardbro ingpReed Ahtnesa anafl er
havi ng no change in irregularities of 0.02p.mor nore, that 1is, no large

i nfl ect i @im@epslogl Bf bhefatetcdiplandfa fotle raawl 6OfRFroel spiTeERbf tiedge of
the wafer. Next, using Fig. 7 that is a schematic view showi ng an exanpl e

of a pr@gﬁgssh%ﬁpdlgg%sirgbiyhgmgurst enbodi nent of the wafer manufacturing
met hod 15 according to thé present invention, there are explained changes

f
D 2geont 1 OUr AP gloe el (A LIESPEL LS WAL SIERS LT
a valer (loAerabL AL fhork QuLhB BE b AR gsdﬁﬂgilearﬁ%ﬁcﬂ}shl?ﬁ%'tﬁc?%%r for

i nstance he use side aratus as shown
I(go:jlblge lé]i %Fk!%po er( e?rifgasltg')% h%ugéqlclﬁzq m't ]Iftélg%g !21 eglﬁ‘tg the oI i shing
shoul d pr eBE&S‘%} ffohsemggrstgp gﬁ& afterward, it is possable to manufacture a wafer
having improved flatness and nanotopology for the surface reference, and
10 especiallyra wafer having no change in irregularities of 0.02nm or more, that
is, no large inflection point in the vicinity of 2 to 20mm from a peripheral
edge of the wafer.
Next, using Fig. 7 that is a schematic view showing an example of a
process sequence in the first embodiment of the wafer manufacturing method
15  according to the present invention, there are explained changes in a
configuration of a wafer in each of the polishing steps in the inventive process.
At first, a front surface (A) and a back surface (B) of a wafer (W) are subjected
to the primary (double side) polishing, for instance, by the use of the same
double side polishing apparatus as shown in Fig. 1 (Fig. 7 (a)).
20 The polishing conditions for this primary (double -side) polishing step
are not limited especially but the polishing should preferably be performed
under the following conditions.
Polishing load: 200 to 600g/cm? (20 to 60kPa)
Polishing cloth : nonwoven fabric type {(an Asker C hardness of the order of
25 60 to 80)



under the follow ng conditions. Polishing |oad: 200 to 600g/cn2 (20 to
60kPa) Polishing cloth : nonwoven fabric type (an Asker C Rfdameasy 2804t he
order of 25 60 to 80) 16 January 2004 -22 Polishing agent: containing
colloidal silica (pH = 10 to 11) Supplying rate: 4 to 6L/ m n Stock
removal : in the order of 5limto 201Xt for both surfaces, and nore
preferably about 161xm for both surfaces. 5 The above Asker C hardness is a
val ue neasured using an Asker rubber hardness neter Mddel C that is one of
spring hardness testers, and corresponds to SRIS 0101 that is the Society

S do- pori GHERLE ekt SRl AIOTE Al e T RabS (5 “have been ¢
geer oL o ML R IE Bl e, ar ey (W, 28 shown 0 Fg. 7 (@), mhen
Cfep, A HEBARAMED Tarkh HHaptithBhate DR fHebpt) POFFAGS ABBATBRS, 19
there is used hard hol di ng_pl.ate 152 made of Si C which includes the wafer
hol di ng Eﬁ?efré@i‘/& quta oy 1ot B seraees: oughhol es 156 for vacuum chucki ng
and the hol ding_surface 154 of the wafer holding plate 152 is covered with
an @poxy resi fheoabevryAskemCLbardresshie polalehinmpsapphrsing apsdskéiown in
Fig. 16. \Wen vacuum chucking the wafer (W with this wafer holding plate
20 152, rubbeydnrdmeehriter MudedC shat acendef spessfhatdmmis tiestersgardari ti es
bei ng corresponds to SRIS 0101 that is the Society of Rubber Industry (Japan)
Standard.
This wafer (W) polished in the double side polishing step is improved
10  in tapers, but sags (E) have been generated in the periphery of the wafer (W)
as shown in Fig. 7 (a).
Then this wafer (W) is subjected to the back side polishing
(production of a reference plane) (Fig.7 (b), (¢) and (d)). In this back side
polishing step, as a polished wafer holding plate for the polishing apparatus,
15  there is used a hard holding plate 152 made of SiC which includes the wafer
holding surface 154 and a number of throughholes 156 for vacuum chucking
and the holding surface 154 of the wafer holding plate 152 is covered with an
epoxy resin coating film 162 as the polishing apparatus 150 shown in Fig. 16.
When vacuum chucking the wafer (W) with this wafer hoiding plate
20 152, the vacuum chucked wafer surface becomes flat with irregularities being
generated on the other wafer surface. Fig. 7 (b) shows the state where the
bottom surface of the wafer becomes convex. In this state the sags (E) in the
periphery section of the wafer (W) increase by a factor of two (B x 2).

When polishing this wafer in a vacuum chucked state, a flat wafer

25 (W) is manufactured as shown in Fig. 7 {c).



generated on the other wafer surface. Flg 7 (b) shows the state V\/nere the

bott om surface of the wafer beconmes convex. In this state tbdasagp20® in
the periphery section of the wafer (W increase by a factor of two (E x
2). Wen polishing this wafer in a vacuum chucked state, a flat wafer 25
(W is manufactured as shown in Fig.og. W 16 January 2004 .23 The polishing
conditions for this back side polishing step are not Ilimted especially
but the polishing should be preferably perfornmed under the follow ng
conditions. Polishing |oad: 200 to 600g/cn2 (20 to 60kPa) 5 Polishing
cloth: nonwoven fabric type (an Asker C hardness of the order of 60 to 80)

rate 5 Lo ao rhePlidide Mnlion A dbLR HRE Folichih® steg ard R Y 1O
g;egggg?} 'tg&%g%ec§gﬁgbu}}g?§¥oﬁgﬁn%ls?l\élufd ﬁgpg%fe%é\ﬁg?p%%ﬁ)r | FEu Gy Q' ng step

erence ane o an e produce

However ven olishing, sags may be slightly generated |n t he
peri pherfﬁ%wl}%%oq}ﬁ 18}18 Al though the wafer is flat in the vacuum chucked

stat e, v - ucking i el e the wafer is apt to return to
t he origg] mqadéurgqcfg‘?ﬁéég@%iﬁo 6§g§??g 7 (d). Also as shovvn in Fig.
acuu hucki ng marks . ( ransferred ol i shed
surfécetﬂﬁ 1’%%6@ }(%e)nﬂ?wg‘éﬁ?bﬁ%r&?lg%ﬂﬁ% Rﬁ]é?%ga]?ﬁdena?ﬁﬁgégﬂﬁﬁff e t he back
surface\éOB of, the wafer (W, and although the front surface (A) of the
waf er ( os8 )rrproved in flatness, the surface state thereof is unchanged

as conpared with that subjected to the prz
Polishing agent® containing colloidal silica pH 10 t0 11)

Supplying rate: 5to 15L/min
Stock removal: in thé order of 3um to 8um and more preferably about Spm.
10 By the provision of the back side polishing step as described above, a
reference plane of the wafer can be produced. However, even in this polishing,
sags may be slightly generated in the periphery of the wafer. Although the
wafer is flat in the vacuuxﬁ chucked state, when the vacuum chucking is
released, the wafer is apt to return to the original configuration as shown in
15 Fig. 7(d). Also as shown in Fig. 7 (d), the vacuum chucking marks (D) may be
transferred onto the polished surface. The sags (e) or vacuum chucking
marks (D) appear only on the back surface (B) of the wafer (W), and although
the front surface (A) of the wafer (W) is improved in flatness, the surface
state thereof is ﬁnchanged as compared with that subjected to the primary
20 polishing.

The wafer (W) in the state described above is subjected to the
secondary {front side) polishing (Fig. 7 () and (). Any type of polishing
apparatus and polishing method conventionally employed may be applied to

~ the secondary polishing without any special limitation, but there 1is

25  preferably used for the above polishing the polishing apparatus 240 as shown



- 20 polishing. The wafer (W in the state described above is subjected to
the secondary (front side) polishing (Fig. 7 (e) and (f)) .16Aayudry2004f
pol i shing apparatus and polishing nethod conventionally enpl oyed nay be
applied to the secondary polishing_gd[hout any special limtation, but
there is 25 preferably used for the fove pol i shing the polishing apparatus
240 as shown 16 January 2004 -24 in Fig. 17 wherein a wafer is held by the
backi ng pad 250 and a polishing cloth slightly harder than that used in

t he conventional secondary polishing step is used. The polishing

condi ti onsf or, 4 his_second (fr si.d olishin 5 step . hot

i nited 1@351@%1%t FeBeE ?H%aa{ﬁ{\;ﬂé ts*’ﬁ?#?éys%e%%&%agﬁ)@éfg‘w"%&@ & RAEBIHBd under
t he foll Qw,ng.conditiqns,, Pol.ishing |oad: 100 to 300g/CM2 (10.to 3CkPa) -
Pol i shi nfg\‘% g‘ﬂ%“ﬁﬁ&’rﬁﬁ%#ﬁ% ?fcu%fgiplél, ﬁ&%&@f@@!}@@ﬁéﬁew%m%h@lﬁ ype (an
Asker C t%ardness of the order of 70 to 90) 10 Polishing agent: contai ning
col | oi dafteBitf ¥8&d:(pH = 10 to 11) Supplying rate: 10 L/min or nore Stock
renmoval : several pm _preferably 2]~-mor less. Briefly, in the secondary

(front side) pdibskPrHghigegonditiony fonrhis tshcondeays@fantbsicle) mplishin®50 (Fi g.
17) and the relatively hard polishing cloth, a 15 wafer is polished in a
mannér t$ap am i dioniteduesperiadlyobuththd rmutishing fdmeldf bé herefafdly i s
corrected without a configuration of the back surface thereof being
t r ansf erpadoriied ubdek theg fghovidg@opBitonsl7) is preferably nmade of a
uret hane foam pad and is 300pmor less in thickness. The hardness of the
Polishing load: 100 to 300g/cm?2 (10 to 30kPa)
Polishing cloth: nonwoven fabric type, suede type or polyurethane type (an
Asker C hardness of the order of 70 to 90)
10 Polishing agent: containing colloidal silica (pH = 10 to 11)
Supplying rate: 10 L/min or more
Stock removal:  several nm, preferably 2um or less.
Briefly, in the secondary (front side) polishing step, using CMP with
the soft backing pad 250 (Fig. 17) and the relatively hard polishing cloth, a
15  wafer is polished in a manner that only a configuration of the front surface of
the wafer is corrected without a configuration of the back surface thereof
being transferred. The backing pad 250 (Fig. 17) is preferably made of a
urethane foam pad and is 300pm or less in thickness. The hardness of the
polishing cloth should be preferably in the Asker C hardness of the order of
20 70 to 90. |
There is no specific limitation on the polishing cloth used in each of
the polishing steps, but as a polishing cloth (or polishing pad) in the polishing
steps a monwoven type polishing cloth or a suede type polishing cloth is.

mainly used.

25 The nonwoven type polishing cloth is generally made of polyester



polishing cloth shoul d be preferably in the Asker C hardness of the order
of 20 70 to 90. There is no specific limtation on the polédanuegy 20@4 h
used in each of the polishing steps, but as a polishing cloth (or
pol i shing pad) in the polishing stgg ~a nonwoven type polishing cloth or a
suede type polishing cloth is. main § used. 25 The nonwoven type polishing
cloth is generally nade of polyester 16 January 2004 25 felt (its tissue
has random structure) inpregnated with pol yurethane, and has porosity,
adequate el asticity, and excellence in a high polishing rate and fl atness,

t her eby i .apabl e of ki ng the st.ock renpval .|.arge, ich is  used

mai nl 'y 88 i HerRe ARs Granddsh § gu FRTeREA i) P Sherdang, el Suede
type poljshing cloth is gerieral_ly conposed of . a hase body., nade of

pol yest has Bprosttyppdeguate plagticith angd sxcellanes imatughaeliphing ratean  in the
pol yur et hane and opening portions praovided on the forned |ayer by renoving
t he sur fiaRinessciespby being capahle of mpaldag thei gorlayemorval lagedwhickaps | ayer)
and is used especially for finishing, a polishing agent kept in the 10

f oaned |@Spsy mpanlygnridgaria ae owsesrralamy phlighthesteprirethets. sur f ace of the
foaned | ayer to let the polishing proceed. This suede type polishing cloth
is @sed very diheesudde Gipemadwhine clobhis gbnpolliysttiompsed oiakase badyf ace of
no damage. Recently, there has been devel oped a three | ayer polishing

cl ot h nomadeésf pslyegtardaltduwgregabiadosithiyotiuethpne, sebanfal layesfanee]l a base
body of a hard plastic sheet, a surface |ayer of a nap |ayer nade of

ur et hanein timd palywebtistriecandhgenint puitiets vickdded he ias &rbody layA¥0ong t he

pol i shing cl oths descri bed
removing the surface section of the polyurethane (this layer is named a nap
layer), and is used especially for finishing, a polishing agent kept in the
10 foamed layer being reacted between a work and an internal surface of the
foamed layer to let the polishiﬁg proceed. This suede type polishing cloth is
used very often in chemical mechanical polishing to give a surface of no
damage,

Recently, there has been developed a three layer polishing cloth not
15  using nonwoven fabrics which comprises, for instance, a base body of a hard
plastic sheet, a surface layer of a nap layer made of urethane, and an elastic
sheet provided under the base body. Among the polishing cloths described
above the most suitable one to each of the polishing steps should be selected.
Further a step similar to this éecondary polishing step may be provided

20 additionally.
The wafer (W) polished in the secondary polishing is subjected to the
final polishing (Fig. 7 (g)). The final polishing may be performed using a
conventional method. The polishing apparatus for the final polishing is not
- limited especiaﬂf and the final polishing step should be preferably performed

25 under the following conditions.



above the nost suitable one to each of the polishing steps should be
selected. Further a step simlar to this secondary polishiegasifp208y be
provided 20 additionally. The wafer (W polished in the secondary
polishing is subjected to the final polishing (Fig. 7 (g)). The final
polishing may be perforned using a 'Egﬁventional met hod. The poli shing
apparatus for the final polishing is not limted especially and the final
polishing step should be preferably perforned 25 under the follow ng
conditions. 16 January 2004 -26 Polishing |oad: 100 to 200g/cn2 (10 to
20kPa) ol.i.shing ¢loth: suede type Polishing agent: containing coll oidal
silica ( @P@n¥€q?%£11¥00§938p9@ (ﬁQFQQO%E@Sto 1L/mn 5 Stock renoval : A
stock renoval, of 0,11limor less is enough. In the wafer which has been

pol i shedPehshsngiclathe puedsstimey steps as shown in Fig. 7 (a) to Fig. 7 (g),
there are few inflection points and the |Iike on the surface thereof and

t he sagsPelshingmasntdcontakairgrcolioidaltsilita fpBent8%0d2h be manuf act ur ed.
Pol i shing conditions in each step above described nmay be 10 appropriately
det er m nedpplyingeatedst.5td 1bbhim condi ti ons according to a configuration of
a wafer. In the first enbodi nent of the inventive nethod shown in Fig. 1,

t her & i sStiekarenbedll hd sask remmervel 6 1daubt kssiidensughl t aneous polishing is
perfornmed as the primary polishing, but another type polishing nmethod may
15 be used as tlhestherwaferyvipehilsy hgn piikHedi throvihebe bsligigiserdtbesabel ow.
Fig. 10 is a flow chart show ng an exanple of a process sequence in a

second shown in Fig. 7 (a) to Fig. 7 (g), there are few inflection points and the like on

the surface thereof and the sags are improved; a wafer with high flatness can
be manufactured. Polishing conditions in each step above described may be

10  appropriately determined to the most suitable conditions according to a
configuration of a wafer.

In the first embodiment of the inventive method shown in Fig. 1,
there is described the case where the double side simultaneous polishing is
performed as the primary polishing, but another type polishing method may

15  be used as the primary polishing, and this method is described below. Fig. 10
1s a flow chart showing an example of a process sequence in a second
embodiment of the wafer manufacturing method according to the present
invention, and a part (a) shows a wafer manufacturing process sequence,
while a part (b) shows a wafer polishing process.

20 The wafer manufacturing process shown in Fig. 10 (a) is the same as
the conventional wafer manufacturing process shown in Fig. 18 (a) and the
first embodiment of the inventive wafer manufacturing process shown in Fig.
1(a), but a polishing step 307 in the second embodiment is different from the

conventional polishing step 108 and the polishing step 107 shown in Fig. 1
25 (a).



enbodi nent of the wafer manufacturing nethod according to the present

i nvention, and a part (a) shows a wafer manufacturing procdéd€daguaiveacs,
while a part (b) shows a wafer polishing process. 20 The wafer
manuf act uri ng process shown in Fig._%g_(a) is the sane as the conventi onal
waf er manufacturing process shown in“Fig. 18 (a) and the first enbodi nent
of the inventive wafer manufacturing process shown in Fig. 1(a), but a
polishing step 307 in the second enbodinent is different fromthe
conventional polishing step 108 and the polishing step 107 shown in Fig. 1

25 (a). 16 Januqr -27 The-pal hshi ng step, 307 of the second,enbodi ment
according to t;tgleyﬁ)(ﬁlgsgﬁflg\fge?ra%ﬁo ,thgssescﬂgaﬁrghocgpbgntﬁpce@pgctgm ses a
front si.d i ngl e,side rimary. poli.shing ste 07a hased op t. front
side r ef%&%ﬁﬁl eg%&rhé’ﬂi Agysh Vgﬂﬁr#gaf@@kc%'ﬂﬁgs?gﬁiﬁ?@ %3%1@31115@%1 ﬁlg i ng step
307b, a front si Clg‘ﬂ:éiSi ngl e %ﬁleéﬁg geconﬂar% pol i shing step 307c, and a
front sitféUESY it URgeSer; wafa Despd ithhe drant sty refprenes poliskinge (singl e
side) pri rrgr g lishing, step 307a based on the front side reference
pol i shi iyS&§&t %ﬂﬁé& (sétmglemidn) mobishmmesieasilibon frentfeside (sngleetidelnpl at e
system using.a backing filmor the waxless system including a polishing
syst 8m rFecendryargasingnfensidicagniea ooy sidk (Bobker site) fiolal solinhing st ens.
That is, it is a polishing systemin which a wafer is polished in a manner
that t hest@Rf3or di sTheofronsstdebisinglelstddyprimany polishiarstep 3Wadkised cor t he
like, and is not fixed to a holding plate or the like to be a reference
pl ane. Tihe @pnt eidentefprinee wilishing syytene mdranpslishiagrisephsdigkd omx| ess
polishing step 108A shown in Fig. 18 (b) resides in that the single 15 side
(back sitde) speiliahitampBiebsyssepentiopgne baakigr filleomakt essxlps EgdtbRg St ep

including a polishing system holding a wafer by an elastic body and other

10 polishing systems. That is, it is a polishing system in which a wafer is

polished in a manner that the wafer is not forcibiy held by means of vacunm

chucking or the like, and is not fixed to a holding plate or the like to be a

reference plane. The different point of this system from the conventional

waxless polishing step 108A shown in Fig. 18 (b) resides in that the single

15  side (back side) polishing 307b is performed after the waxless polishing step
307a based on the front side reference polishing system. As described above,

the greatest feature of this invention is in that a reference plane of a wafer is
produced by polishing a back surface of the wafer.
To carry out the polishing step 307a based on the front side reference
20  polishing system, the polishing apparatus as already described with
reference to Fig. 17 may be used.
The back side polishing step 807b, secondary polishing step 307c¢,
and final polishing step 307d correspond to the back side polishing step 107b,
secondary polishing step 107¢, and final polishing step 107d shown in Fig. 1

25  (b), respectively, and these steps are equal to each other, so a repititious



above, the greatest feature of this invention is in that ausierepo® pl ane
of a wafer is produced by polishing a back surface of the wafer. To carry
out the polishing step 307a based on the front side reference 20 polishing
system the polishing apparatus as %ﬁaéady described with reference to
Fig. 17 may be used. The back side polishing step 307b, secondary poli shing
step 307c, and final polishing step 307d correspond to the back side
polishing step 107b, secondary polishing step 107c, and final polishing
step 107d shown iﬂ Fign 1 .25 (b), respectively, and these steps are equal
to each 95BHEPLioR shareod is praitteds 16 January 2004 -28 description thereof is
omtted. Changes in a_configquration of a wafer in each of the polishing
step s in theChaggngin ﬁmﬂm%@lﬁﬁtlaﬂ of feWRiardnt eard frtbecanlishing stensst
simlar to the description of Fig. 7 showing the first enbodi nent of the
present irthermeronrd embadiingnit of bhe porantivef prdsess evoalinestsidiibanto theom t he
first enbodinent resides in that a wafer after the polishing step 307a
based orndestiipfirnmif Bigdg shefwngnbe firpb birdioidigeny of e passemtdnvéatienst at e
where the front surface thereof turns into a mrror surface and the back
sur f &ce A Hefereht psirdrnfe¢he bemnslumhbodmetidneavahe faaysmbodirgeneratidsk i n t he
peri phery of the wafer M due to 10 polishing as well as etching, and the
conf i guriatthet atwefee aftelr3hs palikhing ste [Ba7a IsledMani theHront sfdé adferdhi@ second
enbodi nent of the inventive nmethod is described below focusing on the

di f f er endolipbind syftenediasi4 etrtale stateSivhendeHi TRoit Slrfhfiethd @Y Htdvenet hod
i n which double side polishing is perforned in the primry

into a mirror surface and the back surface thereof is an etched surface.

However, sags are generated in the periphery of the wafer (W) due to
10  polishing as well as etching, and the configuration thereof is similar to that
shown in Fig. 7 (a).

The second embodiment of the inventive method is described below
focusing on the different point thereof from the first embodiment of the
inventive method in which double side polishing is performed in the primary

15  polishing step. The polishing conditions for the polishing (primary polishing)
step based on the front side reference polishing system in the second
embodiment of the inventive method are not limited especially but the
polishing should be preferably performed under the following conditions.
Polishing load: 200 to 600g/cm? (20 to 60kPa)

20  Polishing cloth: unwoven fabric type (an Asker C hardness of the order of 60
to 80)

Polishing agent’ containing colloidal silica (pH = 10 to 11)
Supplying rate of polishing agent: 4 to 6L/min
Stock removal: 5 to 10pm, preferably about S8um.

25 Then this wafer is subjected to the back side polishing. That is, a



15 polishing step. The polishing conditions for the polishing (primry
poIPshing)'gsteppbased gn the front side reference polishii§Jopgarg@004 t he
second enbodinent of the inventive nethod are not linited especially but
the polishing should be preferably_gg[forned under the following
conditions. Polishing |oad: 200 to ©600g/CM2 (20 to 6CkPa) 20 Poli shing
cloth: unwoven fabric type (an Asker C hardness of the order of 60 to 80)
Pol i shing agent: containing colloidal silic~ (pH = 10 to 11) Supplying
rate of polishing agent: 4 to 6L/mn Stock renoval: 5 to 10pm preferably
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especially. b he ol i shing should be preferably perforned under the
folol %\M r@y%}ﬁtaﬁ“i gweface fsieh FWEarddad: 200 to 600g/ CM2 (20 to 60kPa) 10

Pol i shing cloth: unwoven fabric type (an Asker C hardness of the order of
60 to 80) Pol il3ti Relialyes cornditivasnfongtheobbok dade sidlishing skep i80the 11)
Supplying rate of polishing agent: 5 to 15L/mn _

second embodiment of the inventive method are not lHimited especially but the

polishing should be preferably performed under the following conditions.

Polishing load: 200 to 600g/cm2 (20 to 60kPa)

10 Polishing cloth: unwoven fabric type (an Asker C hardness of the order of 60
to 80)

Polishing agent: containing colloidal silica (pH = 10 to 11)
Supplying rate of polishing agent: 5 to 15L/min
Stock removal: 5 to 10um, preferably about 8pm.

15 As the back surface of the wafer is an etched surface, in the primary
polishing step the wafer is preferably polished with the stock removal being
slightly larger than that when the double side polishing is performed. The
subsequence steps are equal to those in the first embodiment of the inventive
method shown in Fig. 1 (b), so a repetitious description thereof is omitted.

20 The multistage polishing in the second embodiment of the inventive
method may be performed using independent polishing apparatuses such as

~an apparatus specialized for performing the primary polishing step, and an
apparatus specialized for performing the back side polishing step, but it is

preferable to use a composite polishing apparatus in which a plurality of

25 polishing apparatuses are integrally arranged. Fig. 11 is a schematic




Stock renoval : 5 to 101lim -preferably about 81lim 15 As the back surface of

the wafer is an etched surface, in the primary polishing seganidr¢2pafer is
preferably polished with the stock renoval being slightly larger than that
when t he doubl e side polishing is perforned. The subsequence steps are
equal to those in the first enbodi neB0-of the inventive nmethod shown in
Fig. 1 (b), so arepetitious description thereof is omtted. 20 The
mul ti stage polishing in the second enbodi nrent of the inventive nethod may
be perforned using i ndependent polishing apparatuses such as an apparatus
specialized for performng the primary polishing step, and an apparatus
speci al iezpdafaiorp alanrriewgshdveinigagic esnlokedipent sifi thg stveptivbudoniposite
preferable to use a conposite polishing apparatus in which a plurality of

25 pol i giulishing parparases saitedi for egerdddnyingr tlengecbndietbolimient afstHeemati c 16
January 2004 3a explanatory plan view showi ng an enbodi nent of the

i nvent i vigiventipeSide¢hod dhi WHitk BRPaAlepsnasht ?féﬁ%ﬁingo%rpfp%ﬂid%gstﬂ% second
enbodi ment of the inventive nmethod in which four 1 ndependent polishing

appar at Usesgially arrghgedal |y arranged. 5 In Fig. 11, a polishing apparatus
400 according to the present invention conprises four different types of
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first C%\ifs‘ﬁ?ﬁg asreg@i&?)r 401, a back side (single side) polishing section (a second
polishing section) 402, a front side (single side)} secondary polishing section (a
10  third polishing section) 403, and a front side (single side) final polishing
section (a fourth polishing section) 404.
In Fig. 11, reference numeral 405 denotes a first conveyor arm for
conveying a wafer from a previous step to the first polishing section 401. A
first inverting unit 406 for turning a wafer upside down is provided between
15 the first polishing section 401 and the second polishing section 402, whereby
a wafer with the polished front surface can be turned over for polishing the
back surface thereof in the next step. Similarly, a second inverting unit 407
for turning a wafer upside down is provided too between the secénd polishing
section 402 and the third polishing section 403, and hence the front surface of
20  the wafer can be polished in the third polishing section 403.
The mechanism for turning over a wafer as described above is not
required in the conventional polishing apparatus in which only a front
surface of a wafer is polished, but in the present invention, it is important to
perform polishing in the sequence of front side polis.hing, back side polishing, -

25 and front side polishing; therefore the mechanism as described above is |



conveying.a wafer froma previous step to-the first polishing section 401.
A first inverting unit 406 for turning a wafer upside downs Usnuirpzosed
between 15 the first polishing section 401 and the second polishing section
402, whereby a wafer with the polished front surface can be turned over
for polishing the back surface ther&bf in the next step. Simlarly, a
second inverting unit 407 for turning a wafer upside down is provided too
bet ween the second polishing section 402 and the third polishing section
403, and hence the front surface of 20 the wafer can be polished in the
third polishing section 403. The nmechanismfor turning over a wafer as
descri badqahede InsFipotl 1, refgrincechimetddedGfdemotes ansdcopdicosheyar appar at us in
which only a front surface of a wafer is polished, but in the present

i nvent i oihicht corveysparwaet godishpérinotie phinds polishing sdeeicsed08niwetled front

si de polishing, back side polishing, 25 and front side polishing; therefore
t he mecHaatmpaEskiRgCsédiRe a0V eDbsshbtelabya(0n 2)R4third coadeydegrm| N Fi g.
11, reference nuneral 408 denotes a second conveyor arm . which conveys a
vaf er poyhRMe@nvBys ASv41Bi ﬁﬁapgb}ﬁseﬁucml #RGbLAh PlEHifRe kb&iod 204 %HtRO! i shi ng
section 404. Designated by 409 is a third conveyor arm which conveys a
vaf ers finale pohished in the fourth polishing section 404 to the 5 next
step. Fig. 12 1s a schematic explanatory side view showing the first

ol i shing secti 1..1n i il i ed: il and a
Itour n t agl e 4159?'54% %)Sviadggﬁ%%aglb?%%ﬁgﬁ?ﬁgjgggﬁﬁegle%{.Sﬂg‘f%@t gi%é;q?ggl e 411
is rotat . dri adr.i t P i.shi oth 412
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driven by a drive shaft (not shown). The polishing cloth 412 is adhered on a

10  top surface of the turn table 411, and polishing is performed supplying slurry
414 from the slurry supplying unit 413 onto this polishing cloth 412. A
polishing head 415 is hung movably up and down and rotatably, and a wafer
held thereby is polished by pressing it slidably onto the polishing cloth 412 at
an optional polishing pressure. Further each polishing section may comprise

15 a polishing apparatus based on a batch system in which a plurality of wafers
are processed together, but it is preferable to use a polishing apparatus
having a single wafer polishing head 415 which processes wafers sheet by
sheet because a diameter of a wafer becomes larger and this type of polishing
apparatus is eésy to handle. Here, the polishing head 415 majr be based on

20 either a single shaft system or a multiple shaft system (the so-called
multi-shaft single wafer system). It should be noted that the basic structure
of the first polishing section 401 is common to the second polishing section
402, third polishing section 403, and fourth polishing section 404 excluding
the different points in the concrete structure of the polishing head 415 as

25 described below, and individual description of each of the polishing sections



pol i shing head 415 is hung novably up and down and rotatably, and a-wafer
hel d thereby is polished by pressing it slidably onto the p®UamlEnnB0®s ot h
412 at an optional polishing pressure. Further each polishing section may
conprise 15 a polishing apparatus based on a batch systemin which a
plurality of wafers are processed t3®%ether, but it is preferable to use a
pol i shing apparatus having a single wafer polishing head 415 which
processes wafers sheet by sheet because a dianeter of a wafer becones

| arger and this type of polishing apparatus is easy to handle. Here, the
pol i shing head 415 may be based on 20 either a single shaft systemor a
mul t i pl ed0ghtaf404sigireittdd.he so-called nulti-shaft single wafer systen). It
shoul d be noted that the basic structure of the first polishing section

401 is common Theldiishee®ndad @46 bh Mg SET haed dDthe Wakldhspgistahiazg section
403, and fourth polishing section 404 excluding the different points in

the conghgh i Fictiarie L%Edta@.ea ﬁ@lhélﬁﬂgrlﬂaaﬂeﬂb Gf$heASrs Dol8REIg Badickel ow, and
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wax| ess system as own in Fig. 17°is used as a polishing head 415 of the
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head (246 in Fig. 17) based on the waxless system as shown in Fig. 17 is used

10 as a polishing head in the third polishing section 403 and in the fourth
polishing section 404. It is preferable to perform polishing for the front
surface under the conditions enabling gradually fine polishing as the
polishing proceeds. Especially the polishing in each step should be perfornied
under the polishing conditions as described above.

15 The operation of the polishing apparatus 400 according to the
present invention will now be described. At first, an etched wafer is conveyed
to the first polishing section 401 i)y the first conveyor arm 405. The first
polishing section 401 is provided with a polishing head (246 in Fig. 17) based
on the waxless system as shown in Fig. 17 as the polishing head 415, and

20 holds a back surface of a wafer for polishing a surface (front surface) for
fabricating a device thereon. Then, the polishing head 415 is moved
downward and performs polishing under optional polishing conditions (the
primary polishing conditions).

The polished wafer is turned upside down by the first inverting unit

256  406. There is no specific limitation on the inverting function of the wafer



polishing section 404. It is preferable to perforn1po|ishing for the front
surface under the conditions enabling gradually fine polishfdgnuey 264
pol i shing proceeds. Especially the polishing in each step should be
performed under the polishing condjé%ons as descri bed above. 15 The
operation of the polishing apparatus®400 according to the present
invention wll now be described. At first, an etched wafer is conveyed to
the first polishing section 401 by the first conveyor arm 405. The first
polishing section 401 is provided with a polishing head (246 in Fig. 17)

based an_the waxl.e st em sho in Fi 17 as .the.poljshi head 415,
ond 20 HovbeTad Bk M6 HEE Witss Ay Be el Gulieg Woullt el b7 cont
surface) fo fabrj.cating a device thereon. Then, the polishing head 415 is
nmoved o“d’{m%\ép&i‘ %analeaé]fq'or ms pol i shing under optional polishing conditions
(the primary palishing condi ti_ons%. The polished wafer is turned upside
down by the fi rdie nyesied Watenvith the haok surfaseanaws fangdswpwrrd ds then t ati on
on the inverting function_of the wafer 16 January 2004 -33 inverting unit
406, butcomnvgse@rtonidye spsopd afadishing sechiore d08p sindethofuont suafageodbdthear m or
the like. The inverted wafer wth the back surface now faced upward is then
convéyedwafertihbebbbyadopshirgier siatidwio theDolishihg head (166 irsBigf 46k of the
5 wafer is held by a polishing head simlar to the polishing head (166 in
Fig. 16)asashshoun Ig. E6gthetéhy the meliyr bamgfatablbAatiaddattebltiaf tlad , and
after that the polishing head is noved down to polish the back surface of
t he waf epolisidag heagdt isanatedp dbivahionsgplsbnidid badks stfhes bAcke suféaaadpel i shi ng

conditions). The polished wafer is again turned upside down by the second
optional polishing conditions (the back surface polishing conditions).

The polished wafer is again turned upside down by the second

10  1inverting unit 407 having the same inverting function as the first inverting
unit 406.

The wafer again turned upside down with the front surface faced
upward now 1s then conveyed to the third polishing section 403, and the back
surface of the wafer is held by a polishing head as shown in Fig. 17, and after

15  that the polishing head is moved down to secondary polish the front surface
of the wafer under optional polishing conditions (the secondary polishing
conditions).

Next, the secondary polished wafer is conveyed to the fourth
polishing section 404 by the second cdnveyor arm 408, and the back surface of

20  the wafer is held by a polishing head (246 in Fig.17) as shown in Fig. 17, and
after that the polishing head is moved down to final polish the front surface of
the wafer under optional polishing conditions (the final polishing conditions).

After the final polishing, the ‘Wafer is conveyed to the subsequent

cleaning process by the third conveyor arm 409.

25 With the process sequence as described above, the front surface and



inverting unit 406. The wafer again turned upside down w & Jamery 2OM
surface faced upward now is then conveyed to the third polishing section
403, and the back surface of the ma%er is held by a polishing head as
shown in Fig. 17, and after 15 that $H& polishing head is noved down to
secondary polish the front surface of the wafer under optional polishing
conditions (the secondary polishing conditions). Next, the secondary
pol i shed wafer is conveyed to the fourth polishing section-404 by the

second gonyveyor, ar 08, and the ck, surface of . 20 the,wafer is.held by a
pol i shi @&Chéa%%%@ e T g5e a@ﬁ)@%&%ﬁ Fheneggj.otbf&rl,n arfieder refthi igh ¢ he

pol i shi %head is noved down to final polish the front surface of the
waf er u

After the final polishing, the wafer is conveyed to the subsequent
cl eani ng pr ocedhemymbodimant shavomie fig. it shdwe amexatple irhwhich fess
sequence as_described above, the front surface and 16 January 2004 34 back
sur f ace nofishirg wapparainees odtes Hotkgrallyheredygeasbttai foxmwaher palichinyg gh
fl at ness. The enbodi nent shown in Fig. 11 shows an exanple in which four
pol i §hi rprapptusaboedireg éo ithe ggesddtyirarenange dut chiopotishling paipashtuygy 5
apparatus according to the present invention, but the polishing apparatus
accor di rgcpvmlihpeoptles epésenpvienthtion cam alssohd dofasdrbg yraapianaghng: three
pol i shing apparatuses integrally. Fig. 13 is a schematic explanatory plan
Vi ew shqwlizgingeihaiatmeednt@iallel Rigold shihnghappaiabuslaacesrydpic to the
view showing another-embodiment of a polishing apparatus according to the
present invention in which three polishing apparatuses are integrally
10 arranged.
In Fig. 13, a polishing apparatus 500 according to the present
invention comprises three different types of polishing apparatuses arranged .
successively; a front side (single side) primary polishing section (a first
polishing section) 502, a back side (single side) polishing section (a second
15 polishing section) 503, and a front side secondary final polishing section
(third polishing section) 504. Designated by 501 is a loader section
comprising a first delivery stage 50la and a first conveyor arm 506.
Designated by 505 is an unloader section comprising a fifth delivery stage
505a. | |
20 The first polishing section 502 comprises first and second polishing
stages 507, 508, a first positioning stage 509, second and third conveyor arms
510, 511, and a second delivery stage 512. The first and second polishing
stages 507, 508 are provided with first and second heads 507a, 508a, and first
and second polishing machine loaders 507b, 508b, respectively.

25 The second polishing section 503 comprises third and fourth stages

AeEPhti onal polishing conditions (the final polishing conditions).



arranged. In Fig. 13, a polishing apparatus 500 accordi ng 16 Jamerpeesent

i nvention conprises three different types of polishing apparatuses arranged
successively; a front side (single s'ge) primary polishing section (a first
polishing section) 502, a back side'b ingle side) polishing section (a
second 15 polishing section) 503, and a front side secondary final
polishing section (third polishing section) 504. Designated by 501 is a

| oader section conprising a first delivery stage 501la and a first conveyor
arm 506. I gnat ed 905 1s an u er secti conprising a_fjfth

el vor Pt 234 8 nand Bestonning Pt R Lt St Rb roBbey s 806 111 st

and seco poIisHi . stages 507, 588 a first positioning stage 509,
second » tth Pl é@&%yxﬁrﬁ agab18520d fyrther miiret gleasing yart 919y Teage 512.
The fira%agég second polishing stages 507, 508 are provided with first and
second soveeyosggm SaRdunctiens asmy geicinverise wmitn Cheathirdendoader s
507b, 508b, respectively. 25 The second polishing section 503 conprises
third arfaurﬁumlnslgna@éggeﬁeﬁlﬁﬁl&r@remmdpeﬁswﬁh&hiﬁhand fowmbh @olishowd t i oni ng
stage 515, fourth and fifth conveyor arnms 516, 517, a third delivery stage
518, Sandchdadsthidia, 184 ead thishanddownrthtpolithinghnechimaionderoflahy Gil4hr m 516
functions as a first inverting unit. The third and fourth polishing stages
513, 514 are prkhs tledd wiolishinyg sebtiond 500 untdprpgelki Sfthnhdshehdwlishde 514a
~and third and fourth polishing machine | oaders 513b, 514b. The third

pol i shi ngagesct520N 5304 a it pesididnihg ktage 58P xbixtRA nd Benghthséage$0920, 521,

a third positioning stage 522, sixth and seventh conveyor

arms 523, 524, a fourth delivery stage 525, and further a second cleaning unit
526. The sixth conveyor arm 523 functions as a second inverting unit. The
10  fifth and sixth stages 520, 521 are provided with fifth and siﬁth heads 520a,
521a, and fifth and sixth polishing machine loaders 520b, 521b, respectively.
In the example shown in Fig. 18, among the two polishing stages, namely the
fifth and sixth polishing stages 520, 521 in the third polishing section 504,
the fifth polishing stage 520 is used for front side secondary polishing, and

15  the sixth polishing stage 521 is used for final polishing.
With the construction described above, the operation will now be
described. At first, wafers to be polished are supplied from the loader 501.
The wafers are conveyed by the first conveyor arm 506 from the first delivery
stage 501a to the first positioning stage 509, where the wafers are positionéd,
20  and the wafers are conveyed and set by the second conveyor arm 510 to the
first and second polishing loaders 507b, 508b. Then, the wafers are conveyed
to the undersides of the first and second polishing heads 507a, 508a in the
first polishing section (front side priméry polishing section) 502 by the first
and second polishing machine loaders 507b, 508b, and the wafers are held by

25 the first and second polishing heads 507a, 508a. After that, the first and



arnms 523, 524, a fourth delivery stage 525, and further a second cl eani ng
unit 526. The sixth conveyor arm 523 functions as a seconglg yawgiry bogs unit.
The 10 fifth and sixth stages 520, 521 are provided with fifth and sixth
heads 520a, 52l1a, and fifth and sixth polishing machi ne | oaders 520b,
521b, respectively. In the'exanple'366mn in Fig. 13, anong the two
polishing stages, nanely the fifth and sixth polishing stages 520, 521 in
the third polishing section 504, the fifth polishing stage 520 is used for
front side secondary polishing, and 15 the sixth polishing stage 521 is
used for final %glishing.,vvth he construction described above,. ;Qe
oper at i &8caiRd [Polishing markdne ilpadersp0'fa, a§Sh gre aptmedpto Fag jortggak, o
supplied fromthe | oader 501. The wafers are conveyed by the first
conveyorPogitiesn el he wratersdeld byithedirst ang seeansdypolsdung heafn &0 py 898a
positioning stage 509, where the wafers are positioned, 20 and the wafers
are convaapepresaed sdidabyy tomethee polightnan elopbrand pobished dheneby.f i Imsthand
second polishing | oaders 507b, 508b. Then, the wafers are conveyed to the
under si desingplet bleowinrist Fagd 18 edwnurdpeol ioshixprpvee tius veixka effi€i8acy,ntwdhe first
polishing section (front side primary polishing section) 502 by the first

and $ecgudighdhg shages, macidlnahe dade ranbddond5R8xhiapdiides AT 568 are hel d by
25 the first and second polishing heads 507a, 508a. After that, the first

and 16 Janwadad, 2004 Bbfers emendupplied hiongheraailishénd cadess a7 polishedh are
returned to the original positions. The wafers held by the first and

second pglelrsin, N@speathe1H0 78he 3PS rs PRished sthedeinl he@blodivrohheydPltbshi ng
cloth and polished thereby. In the exanple shown in Fig. 13, Iin order to

7o sgeekon gt 4 et angs o s
the pol ighhpg ShAYSHMNdnRAkTB8Yeyed to the second delivery stage 512 by the
10  second conveyor arm 510.

Next, the front side primary polished wafers are conveyed by the
third conveyor arm 511 to the first cleaning unit 519 of the second polishing |
section 503 where the wafers are cleaned. This cleaning unit 519 should be
preferably based on dipping type cleaning by the use of a SC1 liquid (a

15 cleaning liquid mixture of ammonia, hydrogen peroxide and water), in which
a wafer is processed in the sequence of a rinsing liquid, the SC1 liquid, a
rinsing liquid, and a rinsing liquid.

After this cleaning, the wafers are turned upside down by the fourth
conveyor arm {(the first inverting unit) 516 and are conveyed to the second

20 positioning stage 515 where the wafers are positioned. The positioned wafers
are conveyed by the fourth conveyor arm 516 to the third and fourth polishing
machine loaders 513b, 514b. Then the wafers are conveyed by the third and
fourth polishing machine loaders 5138b, 514b to undersides of the polishing
heads 51384, 514a in the second polishing section (back side polishing section)

256 803, and the back surfaces of the wafers are polished in the state where the




therein, respectively. The -wafers polished therein are again conveyed to
outside of the polishing machine by the first and second poéiJahidig20®£hi ne
| oaders 507b, 508b, and are conveyed to the second delivery stage 512 by
the 10 second conveyor arm 510. Nexi,_the front side primry polished

waf ers are conveyed by the third conveyor arm511 to the first cleaning
unit 519 of the second polishing section 503 where the wafers are cl eaned.
This cleaning unit 519 should be preferably based on di pping type cleaning
by the use of a SCI liquid (a 15 cleaning liquid m xture of amoni a,

nyd 00et BEROHLLE RV YRL o ML, WIRST ThBIORSRAEILALIE
the. oarif RorvepRiciing fefed it iriE AR1dolef PohtBE B SEanveyed to
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conveyedoBpEIRRHEPHADS SteR et dhe T RE AFHBo Sator Th8 FATT14b o
Sect Pon RVABRASH e 0P T RPREESEL Py ohpP BErdumnd dnartbnpobsbR EBRERRES of t he
wafers are_polished in the state where the 16 January 2004 .37 wafers are
hel d by lpagessctl 3nitddb e sussige 3 the pelishing meshinespid azhoomveyed 15t g. 13,
two polishing stages, nanely third and fourth polishing stages 513, 514
are proﬁﬁ@éﬁufﬁrﬂhnwwgvﬁnglgh@tmmhﬂtbhﬂj@ﬂénmyﬁtagﬂ5m&féﬂﬁs&m@kgﬂbplied to
the respective polishing stages where the wafers are polished. The wafers 5
pol i shedbdlisbedi wmafere agernomyesled byt fee fiffilr domveyof canmt 16 1oté she mgeorathi ne
cleaning unit 526 in the third polishing section 504 (its cleaning conditions
10  are the same as those of the first cleaning unit 519) for cleaning.
After the cleaning, the wafers are turned upside down by the sixth
conveyor arm (the second inverting unit) 523, and are conveyeti to the third
positioning state 522 for positioning. The positioned wafers are conveyed to
the fifth and sixth polishing loaders 520b, 521b by the sixth conveyor arm 523.
15  After that, the wafers are conveyed by the fifth and sixth polishing machine
loaders 520b, 521b to the fifth polishing stage (front side secondary polishing
stage) 520 in the third polishing section (front side secondary polishing/final
polishing section) 504, where front surfaces of the wafers are secondary
polished. The front side secoﬁdary polished wafers are conveyed by the fifth
20  polishing machine loader 520b to outside of the polishing machine, and are
positioned by the sixth conveyor arm 523 at the third positioning stage 522,
and then are conveyed again by the sixth conveyor arm 523 to the sixth
polishing machine loader 521b. Next, the wafers are conveyed by the sixth
polishing machine loader 521b to the final polishing stage (the sixth polishing

25 stage) 521 in the third polishing section 504 where the wafers are final



| oaders 513b, 514b to outside of the polishing machi nes and are conveyed by
the fourth conveyor arm 516 to the third delivery stage 518 jdhiapy b6k side
pol i shed wafers are conveyed by the fifth conveyor arm 517 to the second
cleaning unit 526 in the third polishing section 504 (its cleaning
conditions 10 are the same as those3®f the first cleaning unit 519) for
cleaning. After the cleaning, the wafers are turned upside down by the
sixth conveyor arm (the second inverting unit) 523, and are conveyed to
the third positioning state 522 for positioning. The positioned wafers are
conveyed to the fifth and sixth polishing | oaders 520b, 521b by the sixth
conveyomodisheg23. 15 After that, the wafers are conveyed by the fifth and
si xth polishing machine |oaders 520b, 521b to_the fifth polishing stage
(front side sedbedinpl polidedngafersagey ®xyeyedthie thei sixtBoprishing secti on
(front side secondary polishing/final polishing section) 504, where front
sur f acesmathinied oaddrei 3l katoeowsitenafzhy potishirgadchiftecanid ere convdyeddyondary
pol i shed wafers are conveyed by the fifth 20 polishing machi ne | oader 520b
to outsithe afkth henpeydérshimg5a8ctoi tiey fandh adadivergssteige fEih. byT'ikefisalkt h
conveyor arm 523 at the third positioning stage 522, and then are conveyed
agai § bypdiiwedi whikrs civeyarepsdbdAhet @vihth soxtdyorpaim $2dng thechithe | oader
521b. Next, the wafers are conveyed by the sixth polishing nmachi ne | oader

521b t 0 ddfvellRehgPOsS M Bl ShagRlel Berie 508, poid Shbllg 26 chagedd G21 i n the
third polishing section 504 where the wafers are final 16 January 2004 38_

pol i shedih TS tf(tRALiMO!dtshed wafers are conveyed by the sixth polishing
machi ne | oader 521b to outside of the polishing nachine and are conveyed by

the sixthxgRpyayor arm523 to the fourth delivery stage 525. This final

The present invention will be more specifically described with
10  reference to examples thereof, but it is needless to say that these examples
are not construed to limit the scope of the invention.
(Inventive Example 1)

An 8-inch wafer having been subjected to a general process including

slicing, chamfering, lapping, and etching was polished by the inventive
15  method.

The polishing process in the inventive method was carried out, as
shown in Fig. 7, in the sequence of a double side (simultaneous) polishing
(front side primary polishing) step (Fig. 7 (a)), — a single side polishing (back
side polishing) step (Figs. 7 (), 7 (¢), and 7 (d)), — a single side secondary

20 polishing (front side secondary polishing) step (Figs. 7 (e), and 7 (), — a
single side final polishing (front side tertiary polishing) step (Fig. 7 {g)).

(1) Double side (simultaneous) primafz polishing step -

The AC 2000 (made by Peter Wolters AG) was used as a double side
polishing apparatus. The polishing conditions were as described below.

25  Polishing load: 300g/cm? (30kPa)



5 polished wafers are conveyed by the seventh conveyor arm 524 to the fifth
delivery stage 505a in the unl oader section 505, and finalhanﬁﬁyfgoagyed
to the next (cleaning) step. Exanples The present invention will be nore
specifically described with 10 refﬁgfnce to exanples thereof, but it is
needl ess to say that these exanpl es e not construed to limt the scope of
the invention. (Inventive Exanple 1) An 8-inch wafer having been subjected
to a general process including slicing, chanfering, |apping, and etching
was polished by the inventive 15 nmethod. The polishing process in the

i ti et h i t, h i i L, RN _th f
doubl e SCHERVRY RloPES EEBE B0o M dD PR B el frisarv gy st ep
Fig. 7 v~ T i ngl id l'i shi back id l'i shi t Fi gs.
75y, AReC harfdeat® ' 0% hgi o sl de. secondary 20 pol i shing (front o
id dar. | i shi t Fi gs. ),..and 7 (f)X,, z-- i ngl id
Final parilchtgBerrbrtaiuls badine sbFba Harosesia®igH 2 10g9) . 1 Doubl o
side (si %I '{aneous)_ primary olishin step The AC 2000 (nade by Peter Wlters

AG was YHE BtEo BEIE de  pol i shing apparatus. The poli shing

conditions were as_described bel ow 25 Polishing |oad: 300g/cn® ()30kPa) 16
Januar y ook remgvel| | RlishgdevshrdrmsiBnosesurface fHuwn fartvosurfades)- Nitt a

Conpany) (an Asker C hardness of 78{_ Pol i shing agent: HP-20 (a trade name
of Fujim 1Inco 1 ek gilekpolishing step

The FSP-200 (made by Fujikoshi Machinery Corp.) was used as a

polishing apparatqs. The polishing conditions were as described below. A
wafer holding plate made of SiC ceramics having high flatness and coated
10  with epoxy resin was used.
Polishing load: 300g/cm? (30kPa)
Polishing cloth: SUBA 600 (a trade name of Rodel Nitta Company) (an
Asker C hardness of 78)
Polishing agent! AJ-1325 (a trade name of Nissan Chemical Industries, Ltd.)
15 (pH=10.5)
Supplying rate: 10L/min
Stock removal:  polished with 5pm.
(3) Single side (front side) secondary polishing step
The FSP-200 (made by Fujikoshi Machinery Corp.) was used as a
20  polishing apparatus, and the polishing conditions were as described below. A
urethane foam pad was used as a backing pad for holding a wafer.
Polishing load: 200g/cm2 (20kPa)
Polishing cloth: PU pad (a trade name of Rodel Nitta Company) {(an Asker C

hardness of 80)

25  Polishing agent: SSS (a trade name of Nissan Chemical Industries, Ltd.) (pH



Supplying rate: 5L/mn 5 Stock renoval.: polished with 81lxm for one surface
(161lzmfor two surfaces)- (2) Single side (back side) poli qhidgguasfg,ggoa'he
FSP- 200 (nade by Fuji koshi Machinery Corp.) was used as a polishing
apparatus. The polishing conditions_ygre as described below. A wafer _
hol di ng pl ate nade of Si C ceram cs having high flatness and coated 10 with
epoxy resin was used. Polishing |oad: 3008/ cn2 (3CkPa) Polishing cloth:
SUBA 600 (a trade nane of Rodel Nitta Conpany) (an Asker C hardness of 78)
Pol i shing agent: AJ-1325 (a trade name of N ssan Chemical Industries, Ltd.)
15 (pH :=C}Jg. ) Supplying rate: 10L/m n Stock renoval: polished with 5gm 3)
Sinle si e'5?front side) seconda olishin step The FSP-200 (nmade by

Fuj i koshd | N . .:-was used as a 20 polishing apparatus, and the
pol i shi n%gu%@%é]}e%tﬁscg\%i‘éﬁé% descri bed below. A urethane foam pad was used
as a backin ad_far | di a wafer. Polishing |oad: 200g/cnR2 (20kPa)

Pol i shi ﬁ%toggggﬂl_ovg,g pggo‘?tafﬁlpade name of Rodel Nitta Conpany) (an Asker C
har dness of 80 2? P?Ii hj n ent: SSS (a trade nanme of N ssan Chemi cal

| ndustries, Lt 4 S3H 2004 -40 10.5) Supplying rate: 10 Llmn

5 The FSP-200 (made by Fujikoshi Machinery Corp.) was used as a

polishing apparatus, and the polishing conditions were as described below.
Polishing load: 150 g/cm? (15 kPa)
Polishing cloth: FS-7 (a trade name of Daiichi Lace Inc.)
Polishing agent: Fujimi 3900 (a trade name of Fujimi Incorporated)
10 Supplying rate: 500mL/min
Stock removal:  0.1um or less.

Evaluation for ﬂatness and nanotopology of the wafer having been
subjected to the polishing steps described above was carried out. Fig. 2isa
map showing flatness of the polished wafer. This map was obtained by

15 measuring with a thickness measurement apparatus having a capacitive
sensor (7900E + Station made by ADE Corp.). The flatness (SFQRmax) of
this wafer was 0.071nm, which was very excellent.

Fig. 5 shows a cross-sectional shape of the periphery of the wafer.
With edge exclusion of 2mm, and a position of 2mm from the peripheral edge

20  is shown as the reference (zero) therein. The polished wafer had excellent
quality that the peripheral sags were improved and also no inflection point
was observed.

Further the nanotopology was evaluated as shown in Fig. 6. This
evaluation is based on such a manner that a wafer was divided to a plurality

25  of areas (areas each 2mm square), irregularities of each square were



Stock renoval : about 11lim. (4) Final polishing ste 5 The FSP-200 (nade by

Fuj i koshi Machinery Corp.) was used as a polishing apparatgs '%g
pol i shing conditions were as described below. Polishing | oada?m 15 z‘sg%nﬂ

(15 kPa) Polishing cloth: FS-7 (a trade nane of Daiichi Lace Inc.)

Pol i shing agent: Fujinmi 3900 (a tradél hame of Fujinmi Incorporated) .10

Supplying rate: 500nLI mn Stock renoval: 0.1limor |ess. Evaluation for

fl at ness and nanot opol ogy of the wafer having been subjected to the

pol i shing steps descri bed above was carried out. Fig. 2 is a nap show ng

flatness of the polished wafer. This_nmap was obtai ned by 15 q?asgring wth
O E+

a t hi ckiserfrmeds fredteereesbaelathe walernthea wepndaving a J8Hdr
Station made by ADE Corp.). The flatness (SF x) of this wafer was
0. 071p. nyreghiatitiemda\RY yvalnekbreuny, (®cypases irate wagrdhwskedcandnile shape of
the periphery of the wafer. Wth edge exclusion of 2nm and a position of
2mm f r orcheblke BV yiaesiveee gecur@alated shaweqasneehef fresher lemger Yalaedp & her ei n.
The polished wafer had excellent quality that the peripheral sags were
i mpr ovednaaiteradizo Toe nahbpovlapy was avalusdsd ehite WEICRBAr3@RT ntade by _
nanot opol ogy was eval uated as shown in Fig. 6. This evaluation is based on
suchsa EbReCotphat a wafer was divided to a plurality 25 of areas (areas
each 2mm square), irregularities of each square were 16 January 2004 -41.
confirmed, whaicBe¥digR%o @he hgpMahekitdehareadtday Mg raivedkyemipds 1f he
the area with the PV value of 18.0nm is almost zero, and this indicates that
irregularities larger than the PV value are not present in case of the
nanotopology observed on the basis of the 2mm square area.
10 To be more precise, in evaluation of nanotopology, an irregularity
height, at which the occupancy rate becomes zero %, {an area indicating the
largest PV value) is important. In this example, the largest PV value is
18.0nm, and this small value shows that the wafer surface includes very few
irregularities (a wafer surface having excellent nanotopology).
15 (Comparative Example 1)
A wafer similar to that used in Example 1 was subjected to the
polishing process shown in Fig. 8, that is, the process comprising a double
side (front side primary) polishing step (Fig. 8 (a); the peripheral sags (E) of
the wafer are large), — a single side secondary (front side secondary)
20 polishing step (Fig. 8 (e) and 8 (D; the peripheral sags (E) of the wafer become
large with the flatness being not very much improved, (inflection points may
be produced when a retainer ring or the like is used)), — a single side final
(front side tertiary) polishing step (Fig. 8 (g);the flatness in the periphery of a

wafer is not very much improved). The polishing process was performed

25 under the same conditions as those employed in Example 1 excluding the



irregularities (a PV value) occupy (occupancy rate) was checked, and the
checked PV val ues were accunul ated in a sequence of from até aagery 26d4e to |
a smaller one. The nanotopol ogy was evaluated with WS CR83-SQM made by 5
ADE Corp. According to the graph showing the results in Inventive Exanple
1, the area with the PV value of I mis alnost zero, and this indicates
that irregularities larger than the PV val ue are not present in case of
t he nanotopol ogy observed on the basis of the 2nm square area. 10 To be
nore precise, in evaluation of nanotopol ogy, an irregularity height, at
V\:hIChthe mes zero % (an area indicating the |argest
PV val u@}nggsi“f?p@’ﬁ?% C{e‘?lﬂ‘?ﬁ@ﬁ’rrég exanpl e, the largest PV value is 18. Onm
and this snmall value shows that the vva er ld iace ﬁ @hj@ggs very few
i rregul ariti esAfgriae double side okshing Fé‘ﬁc% 2 ArashER Stags
(Conparative Exanple 1) A wafer simlar to that used in Exarrple 1 was
subj ect of pUmaTE P@]@hlgﬁ},n‘élﬁprfbﬁé%s s(ﬁE\QRmﬁX if. the waler was abmutprocess
conprising a double side (front side pri rrar olishing step (Fig. 8 (a);
t he periGQph§an. sabke (tneks whe kam‘rerura:b@ng g@ 0 aft@rnal&e sererdasgcondar y
(front side secondary) 20 polishing step (Fig. 8 (e) and 8 W _the
per i phenalisharpswiEfingshdd) endaherw dfer comfighmatym wias fittlh eofteatategsthsei ng not
very much inproved, (inflection points nay be produced when a retainer
ring or sebenddryepdlshisgdiep. Rather sénigheradisdgs fremalslighflyqenesatbd merti ary)
polishing step (Fig. 8 (g);the flatness in the periphery of a wafer is not
very muchelsgpsrodeas)polihéngetdpshi ng process was perfornmed 25 under the sane
conditions as those enployed in Exanple 1 excluding the 16 January 2004 -42
A configuration of a wafer having been subjected to the polishing

steps as described above is shown in Fig. 3. There has known therefrom the
10 fact that contour lines are crowded in the periphery of the wafer, Whigh
indicates that there are sags in the crowded portion. There is known also
from Fig. 5 the fact that the wafer configuration sharply changes in thickness
of the periphery from the points of about 6mm from the wafer edge. In short,
it is a problem with the above described polishing that the flatness (especially
15  the flatness in the periphery) of the wafer cannot be improved.
The nanotopology is shown in Fig. 6, and as shown in the graph of
Comparative Example 1, the irregularity height for the occupancy rate of 0%
is in the range from 30 to 40nm, which indicates that relatively large
irregularities were present on the wafer surface (wafer surface with poor
20 nanotopology).
(Comparative Example 2)
A wafer similar to that used in Example 1 was subjected to the
polishing process shown in Fig. 9, that is, the process comprising a double
side (front side primary) polishing step (Fig. 9 (a); peripheral sags (E) of the

25  wafer are large), — single side (front side secondary) polishing step (Fig. 9 (b);



singl e side (back side) polishing. After the double side polishing (Fig. 8
(a)) was finished (in the stage of primary polishing), thesbémianesc04 :
(SFQrRmax) of the wafer was about 0.126pm The fl atness was kept unchanged
al so after the secondary 5 polishing was finished, and the wafer
configuration was little corrected i43the secondary polishing step. Rather
peri pheral sags were slightly generated in the secondary polishing step. A
con-figuration of a wafer having been subjected to the polishing steps as
descri bed above is shown in Fig. 3. There has known therefromthe 10 fact
that contour lines are crowded in the periphery of the wafer, which

-i ndi cathesstebaheme the srafes tgeadunn kbuckedtedorpgrdlishing)TRiged (¢; #iown al so
fromFig. 5 the fact that the wafer configuration sharply changes in

t hi cknestate stherhdhperafends yatwnm dhhekpdiaftesr mflishiogt Figrm (8);ahetdtateval er
edge. In short, it is a problemw th the above described polishing that

the fl atftesthd emfecisalelonse@Tromeshelvaicnass chickdiestaes (HRFAMheas of fige vaf er
cannot be inproved. The nanotopology is shown in Fig. 6, and as shown in

t he grawhfafis Gopwraied] bue vaxatll ehdekinbemiarkedD) 3¢ iihﬂel?ﬁmi)ﬁg ?ﬁ]ﬁﬁr e

occupancy rate of 0% is in the range from30 to 40nm I ndi cat es t hat

cup: . t : i
rel @i velay bakeferdtod ebRE shibBge WRNE PIL88Me fg’\i}ieet gcg‘#g{aﬁ é?tldkft\?svg(?ee E water

surface with poor 20 nanotopol ogy). (Conparat ) A
o SRR P O] A LR S G RO B 00
P o Vs oSkt BELLINBLER SRR I BD, e 2Rt
Januar ygid@@hal (front side quaternary) polishing step (Fig. 9 {g); the wafer has the
inflection points (M) or vacuum chucking marks (D) on'the front surface
10 thereof, and the flatness and nanotopology of the front side reference are
deteriorated). In brief, in this Comparative Example, in stead of the back
side polishing step in Inventive Example 1, a front surface of the wafer was
polished. On the same conditions as the back side polishing step in Inventive
Example 1, a reference plane was produced on a surface (front surface)
15 contrary to that in Inventive Example 1. Other conditions were the same as
in Inventive Example 1.
The flatness of the wafer was improved to about 0.110pm in terms of
SFQRmax, but the improvement was not sufficient. When inspected with a
magic mirror, there were some cases where marks of the throughholes were
20  observed on the polished surface, and further the nanotopology (irregularity
height for occupancy rate of 0%) was about 25nm.
A configuration of the wafer (map) was as shown in Fig. 4. There
was sometimes observed the wafer configuration like an inflection point -

at a point about 6mm from the peripheral edge thereof as shown in

26  Fig. 5. In other words, although the flatness was improved, improvement of




43 the state where the wafer is vacuum chucked (before polishing), Fig. 9
(c)~) the state where the. wafer is vacuum chucked after p®UasiEry@Q0o4i g, 9
(d); the state after the wafer is released fromthe vacuum chucked state
(the flatness of the wafer is irrpr_o%gc_i, but vacuum chucki ng marks (D) or
inflection points (M my be generated on the surface (A)), - a single
side secondary (front side tertiary) polishing step (Fig. 9 (e); a front
surface, (A of the wafer is polished (in the state where the
-configuration is maintained), Fig. 9 (a), --# a single side final (front
si de quat er nar ol i shi ng st (Flg. 9 (g); the wafer has the inflection
points ( ‘%é@ﬂﬂﬂ%&%‘; Et' (D) on' the front surface 10 thereof,
and the flatness and nangf opol o the front sjide reference are
deteriorated). %a%Féﬁ?%aﬁnﬁﬁiﬁ QFSPV?F@I@ mpleil, @’t‘@é@l"a&’f"e{ he back
si de pol.i shi n? step.in Inventive Exanple 1, a front surface_of t?e waf er
was polExaaple dnandeCemparaiiveitizagmpleas arpshewax 1 lablodt i SHRTy 1%t ep i n

I nventive Exanple 1, a reference plane was produced on_a surface (front
sur f ace)each cebwithiy thewalrn surfaceris 14 lEﬁﬁfﬁflI@V@ﬁU Bzpmpdediandns wer e
the same as in Inventive Exanple 1. The flatness of the wafer was inproved
to aboutCompaesive Exeanples df anSRbhaxalusuin Inwentiver Byample 1vaa ligle
sufficient. Wien inspected with a nmagic mrror, there were sone cases

wher e naEbdtsenf buheotmpaoingh bind esaxieren 2klobdbevad, the vhbieptl Ishedivur f ace,
and further the nanotopology (irregularity height for occupancy rate of
0% was Bhkemipl@Gnin cldaclynbétder. atTheneodlubbhenwaberpefapedvis edlshasin in Fi g.
4. There was sonetinmes observed the wafer configuration like an inflection
poi nt athavipgi néizake2Entimmx Pemt(BBmpesyphes)al edge thereof as. shown in
25 Fig. 5. In other words, although the flatness was inproved, inprovenent
of Also variations (@) among the cells were improved, which indicates

10  that a wafer not hav_ing inflection points or the like is manufactured. In cases
of Bmm exclusion and 2mm exclusion, the values of the Comparative
Examples deteriorate largely as compared to those of the Inventive Example.

This shows in the Comparative Examples that the closer to the periphery, the

larger the sags.

15 Tablel
SFQR (83mm exclusion) SFQR (2mm exclusion)
Average Average
value d Max value d Max
Inventive 0.037 | 0.010 | 0.071 | 0.03% | 0.012 | 0.092
Example 1
Comparative | 044 | 9024 | 0.131 | 0.048 | 0.030 | 0.155
Example 1
Comparative | 057 | 0,013 | 0.110 | 0.043 | 0.023 | 0.118
Example 2 .

In Table 1, Smm exclusion means that a portion up to 3mm from an
edge of a wafer (a wafer peripheral edge) is not evaluated when the wafer
flatness is evaluated, and the above value was obtained by evaluating the
areas inner from the above portion. Likewise, 2mm exclusion means that the

20 portion up to 2mm from the edge of the wafer (the wafer peripheral edge) is



16 January' 2004 -44 the nanot opol ogy was not sufficient. Data for the
flatness (SFQR) in Inventive Exanple 1, Conparative Exanphe Januspdoos
Conparative Exanple 2 are shown in Table 1. SFQR for each cell wthin the
wafer surface is 0.041limin all of Inventive Exanple 1 and 5 Conparative
Exanples 1 and 2 (the value in Inverf@ve Exanple 1 is a little better),
but conparing the maxi num val ue thereof, the value in Inventive Exanple 1
is clearly better. The evaluation was perforned for cells each having a
size of 25nm X 25mm (25nm square). Also variations (d) anmong the cells were
| nproved, whi dicates 10 that a wafer not having inflection points or
the |ikd&of §Vﬁéﬁﬁ?§ctured In cases of 3nmm exclusion and 2mm excl usi on, the
val ues of the Conparative Exanples deteriorate largely. as ¢ ared to
those of ‘the |mg@ mathpda epiployedrin she fhomparativectymplasa R&glgménpl es
that the closer to the periphery, the larger the s é 15 Table 1 SFQR

B

( 3mm ex dlals¢owesraRkbeshin the msge)ﬁ)om@elc(hgceal\lﬁ»pm,ea SHlBmanvaties ue
| nventive Exanple 10.0370.0100. 0710. 0390. 0120. 092 Conparative0 0 O
0. 0480. 39e.itgFroved only up to 0.3pm, which are not shown herein, but by adding
5 . the back side polishing as in the Inventive Example, it is possible to stably
manufacture wafers with SFQRmax of 0.10pum or less and the SBIRmax of
0.3nm or less. Further wafers having excellent nanotopology can be
manufactured easily.
(Inventive Example 2)

10 A wafer similar to that used in Inventive Example 1 was polished as
in Inventive Example 1 excluding the point that polishing based on the
waxless system using a template was performed in place of the double side
(front side primary) polishing. To be more precise, the wafer was subjected to
a polishing process comprising a front side (single side) primary polishing

15  step based on the front side reference polishing system, — a back side (single
side) polishing step, — a front side (single side) secondary polishing step, — a
front side (single side) final polishing step.

In Inventive Example 2, a polishing apparatus capable of
successively performing front side (single side) primarj polishing based on

20 the front side reference polishing system, back side polishing, front side
secondary polishing, and final polishing was used. More specifically, there
was used a polishing apparatus, in which three polishing machines (three
polishing sections) as shown in Fig. 13 are arranged integrally with two
polishing stages being provided in each polishing section.

25 In each cleaning unit, there was employed a cleaning system in



044024131 Exanple 1... Conparative Exanple 20.0370.0130.1100. 0430.0230. 118
In Table 1, 3mm excl usion neans that a portion up to 3mm f nédaaurary 2@k of a
waf er (a wafer peripheral edge) is not eval uated when the wafer fl atness

i s evaluated, and the above val ue was_ obtai ned by evaluating the areas

i nner fromthe above portion. Li kewi 4@, 2nm excl usi on neans that the 20
portion up to 2mm fromthe edge of the wafer (the wafer peripheral edge) is
16 January 2004 -45 not evaluated. In the nethods enployed in the

Conpar ati ve Exanpl es, SFQRmax values were at best in the range from 0. 10

to 0.15pm. and  SBI X val ues were inprove nl.y up,to.0.31i m. ich are
not showrhiRBresing & HPBREbiien gleaning vHER A gl@ehamf é%i%ﬁ&&gﬁﬁqme
| nventive Exanple, it is_possible to stably mapufacture wafers wth
SFQRax miktare ohpmuponiss Sivdnegernpesmiderandovates), I mager wasdrerigdiWer waf ers
havi ng excel | ent nanot opol ogy can be manufactured easily. (lnventive
Exanpl e thy sbquanemfofrthei rinking liquichabCiislkiquidn rinsingtliggdEradpriasimgas
polished as in Inventive Exanple 1 excluding the point that polishing
based odiqiid. waxl ess systemusing a tenplate was perforned in place of the
double side (front side primary) polishing. To be nore precise, the wafer
was Subj ect ed Polishimptémtitings pn eaek potishjig séatmpnainf Frorntsied8x{mphygl e si de)
primary polishing 15 step based on the front side reference polishing
system 2 wdarebagckhsiddan(biwngltbre Example 1 in terms of the polishing load,
polishing cloth, polishing agent, supplying rate of the polishing agent, and
stock removal, excluding the polishing conditions of the front side (single
side) primary polishing step based on the front side reference polishing
10  system and 8nm of the stock removal in the back side polishing. The front
side (single side) primary polishing based on the front side reference
polishing system is waxless polishing based on the template system in which
a urethane foam pad was used as a backing pad for holding a wafer. The
polishing conditions were as described below:
15 Polishing load: 300 g/em? (30 kPa)
Polishing cloth: SUBA 600 (a trade name of Rodel Nitta Company) (an
Asker C hardness of 78)
Polishing agent: HP-20 (a trade name of Fujimi Incorporated) (pH = 10.5)
Supplying rate: 5L/min |
20 Stock removal: 10pm
With the polishing apparatus and the polishing condifions as
described above, the wafer was polished, and the result of the polishing
showed that the flatness of the polished wafer (SFQRmax; 2mm exclusion)
was 0.10pm. Further the irregularity height for the occupancy rate of 0% in

26  the evaluation of nanotopology was 20nm, which was very excellent. The



side) polishing step, - a front side (single side) secondary polishing
step, a front side (single side) final polishing step. In1¢umﬁnﬁ§g@04
Exanpl e 2, a polishing apparatus capable of successively performng front
side (single side) primary polishing pased on 20 the front side reference
pol i shing system back side polishint, front side secondary polishing, and
final polishing was used. Mre specifically, there was used a polishing
apparatus, in which three polishing nachines (three polishing sections) as
shown in Fig. 13 are arranged integrally with two polishing stages being

provi ded,.j.n, each polishing.section.. 25 1n,each cleaning unit, there was
enpl oye&@%ﬁl’é’émaﬁé'@gﬁ%m TS Al &xP5E84 - 46 which using a di pping

type cleaning with a SCL liquid (a cleaning liquid m xture of ammoni a,
hydr ogen peroxide and water), a wafer was treated in the sequence of the
rinsing liquid, SCL liquid, rinsing liquid, and rinsing liquid. 5
Polishiﬂ@nﬂh&ﬂﬁ@ﬁﬂgpbgﬁéﬁ@ﬁmﬁﬂh§%ﬂhg section in Inventive Exanple 2 were
as those in Inventive Exanple 1 in terns_of the polishing | oad, _ polishing
cloth, polishi Ag degeribed shpys,Acaerding do ghe mm@sq@dllngﬁnmgndgéﬁpPS%hga st ock
renoval , excluding the polishing conditions of the front side (single
si dep prtprparfomoldoshialpfssags hadkel reminteayfofothe siader thakivtbe posi shing 10
system and 8pm of the stock renoval in the back side polishing. The front
si de (sidiffielsipdedlepr inehy pdishihg fgclbzsisedsoandite heomfadide ar Bfadeence
polishing systemis waxl ess polishing based on the tenplate systemin which
a ur et hamghfoeellpad flaasesssiedlveking thagdrtgnpad®hor ohdéhi frgmativeafefer The
polishing conditions were as descri bed bel ow

edge, especially a wafer having no inflection point in flatness in an inner

portion from 3mm of the wafer periphery, and further a wafer with excellent
10 nanotopology especially required in recent years, that is, a wafer with

excellent flatness and nanotopology.



15 Polishing |l oad: 300 g/cn2 (30 kPa) Polishing cloth: SUBA 600 (a trade
name of Rodel Nitta Conpany) (an Asker C hardness of 78) ®elamhinnpocgent :
HP-20 (a trade nanme of Fujim Incorporated) (pH = 10.5) Supplying rate:
SL/mn 20 Stock renoval: |0pm Wth the polishing apparatus and the
polishing conditions as described ad®e, the wafer was polished, and the
result of the polishing showed that the flatness of the polished wafer
(SFQRmax; 2mm exclusion) was 0.10pm Further the irregularity height for
t he occupancy rate of 0% in 25 the eval uation of nanotopol ogy was 20nm
whi ch was very excellent. The 16 January 2004 -47- SBI Rmax was 0. 14pm

whi ch was al so excellent. Capabil W SExploitation in Industry: As
descri bed above, according to the present invention, it is possible 5 to
performcontrol of sags in the periphery of the wafer that is the nobst

di fficul 1. proll \eafeklinéﬂ@falaahﬁﬁgﬁ&hb&%%@&&ﬁg&ﬁ@%ﬁﬁa”“f acture a waf er

wi th excellent flatness including the portion | ess fromthe wafer
edge, especi aPFormiRg back giderpplshing bf tut waferptoi priodiuge i Affaesige iplardd | nner

10 nanot et sont s DokERfe P dRes P Holll R 6isBilie clpbi AG ¢ paliohine seomsder wi th
excel | enmaﬂtﬁngm's:randuﬁan@bﬁﬂﬁ @g¥er. 16 January 2004 .48 CLAIMS
2. The wafer manufacturing method -according to claim 1, wherein a
multistage polishing process in which a wafer is polished in multiple stages is
employed as the polishing process, and the back side polishing is performed
after a primary polishing step in the multistage polishing process.
3. The wafer manufacturing method according to claim 2, wherein the
wafer is polished in the sequence of double side (simultaneous) polishing, the
back side (single side) polishing, front side (single side) secondary polishing,
and front side (single side) final polishing.
4, The wafer manufacturing method according to claim 2, wherein the
wafer is polished in the sequence of front, side (single side) primary polishing
based on a front side reference polishing system, the back side (single side)
polishing, front side (single side) secondary polishing, and front side (single
side) final polishing.
5. The manufacturing method according to any one of claims 1 to 4,
wherein in the back side polishing the wafer is polished with being held by a
wafer holding plate which has a hard wafer holding portion and a holding
face of a high flatness level.
6. The wafer manufacturing method according to any one of claims 3 to
5, wherein in the front side secondary polishing the wafer which is held by a

backing pad is polished using a polishing cloth with an Asker C hardness of



1. A wafer manufacturing nethod conprising the step of. perform ng back
side polishing of the wafer to produce a reference plane t&eamsky 2004
pol i shing process using. a polishing cloth and a polishing agent for

making a mrror surface of the wafer. 2. The wafer manufacturing nethod
according to claim1, wherein a nu149§tage pol i shing process in which a
wafer is polished in nultiple stages is enployed as the polishing process,
and the back side polishing is performed after a primary polishing step in
the nultistage polishing process. 3. The wafer manufacturing nethod
accordi?% t (glain12, wherein the wafer is polished in the sequence of
doubl e id@&z I mul taneous) polishing, the back side (single side)

polishi%g, front sbq .(single side) secondary polishing, and front side
(single'side) i PR sgm SAnggatug compnigings  apelishing sedthad fagcor di ng
to claim?2, wherein the wafer is polished in the sequence of front side
(si ngl e Perfpaming pramaryqialishing of bafrent surfcé nfmt waldehasidoans &opel i Shi ng
system the back side (single side) polishing, front side (single side)

secondasidpuefesencegpolishingraysters) defirss iingbsting @) fdri fiatine thewagr 5. The
manuf acturi ng nmet hod according to any one of clains | to 4, wherein in the

back si @elisbed shithe firbepulidlengisectioh uphedh Qbwh; Rebathd Sb1skIRN esoctiBh "

hol di ng pl ate which has a hard wafer hol ding portion and a holding face

of . a hifghpélistiingsshasvek:fa R Lok b0k . Lging to
ot g aéd of The Wafeein TRRYEAG W'ﬁ%f(}%ﬂé%%%g I}f’/oq%%]eﬂ g

any one of clains 3 to 5, wherein in the front si seco I shi ng

5 1 e e o g Ol kg
plate to make forcibly the wafer flat; a second inverting unit for turning the
wafer polished in the second polishing section upside down; a third polishing
section for performing secondary polishing of the front surface of the wafer
based on the waxless system; and a fourth polishing section for performing
final polishing of the front surface of the wafer based on the waxless system.
8. | A polishing apparatus including at least three polishing sections,
which comprises: a first polishing section for polishing a front surface of a
wafer without vacuum chucking a back surface of the wafer; a first imverting
unit for furning the wafer polished in the first polishing section upside down;
asecond polishing section for polishing the back surface of the wafer in the
state where the wafer polished in the first polishing section is vacuum
chucked onto a flat wafer holding plate to make forcibly the wafer flat; a
second inverting unit for turning the wafer polished in the second polishing
section upside down; a third polishing section for polishing the front surface
of the wafer without vacuum chucking the back surface of the wafer.

0. A wafer, manufactured in accordance with any one of claims 1 to 6,
comprising at least one mirror polished surface, wherein one main surface of
the wafer has a configuration that an SFQRmax is 0.10pm or less and there is no
inflection point in a center side of 2mm from the peripheral



70 to 90. 7. A polishing apparatus conprising: a first polishing section
for performng primary polishing of a front surface of a waligfudppses on a
front side reference polishing system a first inverting unit for turning
the wafer polished in the first pol jé@hi ng section upside down; a second
polishing section for polishing a back surface of the wafer in the state
where the wafer polished in the first polishing section is vacuum chucked
onto a flat wafer holding plate to nake forcibly the wafer flat; a second
inverting unit for turning the wafer polished in the second polishing
section upsi (tl% dowr}; a third polishing section for perform ng secondary
pol i shi F§eEOLEHE Wa Bt surface of the wafer based on the waxl ess system
and a faurth pglishipg sectjon for .perfoymng i nal polishi.ng of, the front
curtace Bh' tne Tnerwrl sceordane th elaidhe ehersyd acrpnt %‘.’I&ﬁcepBPﬂ%WﬁSerappar at us
i ncluding at, |east three_polishing sections, which conprises: a fjrst
pol i shi i§ dudefante aplpeslityof Rem X 2apm ssivera eseas at v wadee ohpashbo vacuum
chucki ng_a back surface of the wafer; a first inverting _unit for turning
t he waf dlepyepspegvalnated omd die pexinHmnl Vsedip gmens R P¥ovues 05 econd
polishil\pﬂa section -for polishing the back surface of the wafer in the
stat @ I evalvatodhesapel30sivedrilesst he first polishing section is vacuum
chucked onto a flat wafer holding plate to nake forcibly the wafer flat; a
second itkerti MhewkferfacotdingitnglaineSwahereipal frehedurface bé the safer
polishing section upside down; a third polishing section for polishing the
front susfdeerledahts hepluedlery ofiZnmauk Amousgnachuckasn g PHevdlackf eacli ate of the
wafer. 9. A wafer, manufactured in accordance with any one of clains 1 to
6, conphesate@sdt ebehsited Nt drilid oiaxpdhing P&y slukfateng the PY nakee foRi N
surface of the wafer ‘has a configuration that an SFQRmax is 0.10pmor |ess
and t hergl eSahited AkéRCid WhPorNésd. N a center side of 2nmfromthe
peri pher al

10



16 January 2004 .50 edge of the wafer. 10. The wafer according to claim9,
wherein a front surface of the wafer is divided into a pl 46 damigry 260L2mm x
2mm square areas, a PV value of each of the areas is evaluated, and the
maxi mum PV val ue among the PV valueszfor 5 all evaluated areas is 20nm or
| ess. 11. The wafer according to claim9, wherein a front surface of the
wafer is divided into a plurality of 2nm x 2nm square areas, a PV val ue of
each of 'the areas is evaluated, and the maxi num PV val ue anong the PV
values for all evaluated areas is 18nmor less. 10 ABSTRACT The present
invention provides a wafer manuf agidqpRgret hod and a wafer polishing
appar atus which enable control of sags in a periphery of a wafer and

i nprovenent of nanotopol ogy val ues thereof that is strongly required
recently, and a wafer. In a polishing process for making a mrror surface

of the wafer, back sq{face of the.wafer i oli hqg to r% uee
reference pl anthlPéEFE%rf*.mventmn provides a wafer manulaciuring method an

a wafer polishing apparatus which enable control of sags in a periphery of a
5 wafer and improvement of nanotopology values thereof that is strongly
required recently, and a wafer. In a polishing process for making a mirror
surface of the wafer, a back surface of the wafer is polished to produce a

reference plane thereof.




