; } ~e3eC&@p, p6T&  WAFER MANUFACTURI NG METHOD, POLI SHI NG APPARATUS, AND
WAFER 5 Technical Field: The present invention relates to a wafer
manuf act uri ng net hod, a polishing apparatus, and a wafer, pcul arly
to a wafer manufacturing nethod and 4a1polishing apparatusM@EM@mﬂﬁﬂﬁmmnt
peri pheral 10 sags of a mrror polished wafer so that the e
polished up to its peripheral edge at a high flatness |evel, At wafer.
Background Art: Cenerally a silicon wafer nmanufacturing ne ﬂ m Mes,
as 15 shown in Fig. 18(a), a slicing step 100 of slicing amgm wnﬂmm m t al
ingot to obtain a thin disk-shagEdSORIETION hanfering step 102,gf,-
chanfering a peripheral edge portion of the wafer obtained through the
slicing step 100 to prevent cracking and chipping of the wafer a | apping
step 104 of flattening this wafer an etching step 106 of renoving
processi ng ﬁg&ﬁ@@%@@@ﬁ@mﬁlm MEPHOD, POIISHMING APPARAFPSed wafer a
0

polishing s making a mrror surface of the wafer and a cl eani ng
step 110 of cleaning the poli she%%fwr PFRR' enove a polishing agent or dust
particles deposited thereon. The rain steps are only |listed above, and
sonetinmes other steps such as a heat treatnment step and a surface grinding
step ﬁay be added, or the step sequence nmay be 25 changed. - -2 The

pol i shi n&step {%8 of making a mirror surface of the wafer is further

cl assi f i SECPHG d%k%teps, and various types of polishing nethods and

pol i shing apparatus are used in each of the sub- . i ngl e
si de pol i shing g‘%ﬁa?’@tsﬁgt %Y?q}%br?clﬂtet%go Bo‘T’?@ﬁi’ﬁéS‘gfa&E@?? I‘te{gléﬁclydh:dt ance,
as shown 5 in Fig. 14, there has been,w dely known. a,poli shi at us
conpri si mplishing k 2oRABNS udRd 2B F3i56 wRdR ATl %9 L8 g‘{%‘g% shaf t
204 and has a polishing cloth_ 202 adhered on the er surface.thereof, a

vaf er hol Wangfinsutingpoetked And iebellsBig aRRArABIGVR HRESERREIPRTL "waf er

to be polished and contacting anot her surface of the. wafer .to the
é)\(;\l)i 40 ngsapgs of a mirror polished wafgr so that the wafer can be pg‘hs\,,ﬁad up(t\c/J\)ns

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
90 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.



10 cloth 202, and a head driving nechani sm 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 contai ning abrasive grains
froma slurry supplying unit 212 betwen the polishing cloth 202 and the
wafer (W. As another type of polishing, as shown in Fig. 15, there is a
nmet hod 15 of sinultaneously polishing both the front and back surfaces of a
waf er. This doubl e side polishing apparatus 220 has a | ower polishing turn
tabl e 222 and an upper polishing turn table 224 which are faced each ot her
vertically. A I'Dhepotishirghstep t0Soh 2iinigsa auhreerdutface ivé thppeafesisf ace of
the I ower polishing turn table 222, and an upper polishing cloth 228 is

adher ed gp+hbeRQsifRdEnt6 Yubateps fandhearippetyrsl dfghlishingmethads end24. A
di sk-shaped carrier 230 is supported between the upper surface of the |ower

pol i shi "g Hélﬁitn% ZAburatud B houkn el shilirgsilisteptabisen 32%ensinglheideoner
surface ? t he "upper polishing cloth 228 of the upper polishing turn table

224 and ﬁﬁ@ﬁﬁ% &ﬂlﬁaﬂa@ﬂﬁh@@%sé& il &kl gohﬁﬁﬁﬂg%robm, Fsviestiolei abshgwal ot h 25
e upper .

226 and er ‘polishing cloth 22 The carrier 230 has a plurality of

232, Wne e bar B i e DL g e Lo Fuppi Fed
(ot shoit FB PR o1 ER8 o B B et e
nd r evorpbshiealry B adbarhen W RePpd FuliRie Ater I3 MY prer ™
R N 2 BTN R T T A T S
adher od crolihed iRl CRBLAHIRE BRAtET rmertal by THE ieton e YPLRBRECFea
meandOof etn B0z andarheh AR IRE Beharh ALl Sheabe e B RS rer hod
Chat ) o, of thawalouhal Bahechencs AVB AGIThcHRP G840 7 BIRHS. THEFRiRFBe ' TpEr e
O holished by supplyin slasry 214 containing abrsive ghains om STy
is polished by supplying slurry 214 containing a gr v
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  of simultaneously polishing both the front and back surfaces of a wafer. This
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 on the
20 lower 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




O these systens, as shown in Fig. 17, a wafer hol ding head 240 according
to-the tenpl ate 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 bl ank
of the tenplate 242, and the back surBace of the wafer (W is held by a
backi ng pad 250 adhered to a | ower surface of the upper polishing turn
tabl e 248 attached to a |ower end of a head 246. Wen polishing wafers (W
wi th the hol di ng head 240, wafers to be 25 polished are fitted into each of
t he engagenent holes 244 in the tenplate -4 blank of the tenplate 242,
respect i wedfyy haled 238e t hus situated tenplate 242 is arranged on a | ower
polishing turn table (not shown) so that the wafers (W are in | ower
positions. In tWafemst @Wkto bapokshédaee bt irththevwfader ivlps @38t hendhgol i shing
cloth adhered on the | ower polishing turn table (not shown). In this b

state, whgffers (WEKrddpslsshode aippliahig egeritds shppliedbbates2d wyfaraéWipper
polishing turn table 248 and at the sane tine the |ower polishing plate

(not showny the FoMshie gclorthezuenmwﬁ Hr3uphhelee$nat shidven)ploamedtiagdteher Wi t h
t he | ower polrshrng plate and the wafer (W is polished. Thus there is

knownsa QQJ g)gh@ﬁh{gﬂalﬁefﬁﬂe @2\4@%@%@@(@1@& isRow@) Waiscihe dairtiee @30usi ng

vacuum ch or adhesi on by vvax a soft material nanmed a backing pad is

used for rlagA g‘s %gld}a]re%f\% tlgé% ES i‘o?ta?e Eﬁﬂ ir8 P18 sEhbBRAbstarsRe T

(Chem cal ani cal which a wafer is polished in such a

manner aﬁg‘%\rg gﬁo{heﬁ% Q%ﬂd%ﬁé Q{ﬁ?ﬁ h‘sﬂﬁh A6tH1298 ik RNBE@ tie vacuum

chucki ng uratton o ront surface "15 t her eof .

Wth a conbi natr ar | oI i shr ng apparatus descri bed above,
a wafer %" c'els(gfnlb Mastied Wib%’]%epsd ineﬁ

age polrshrng i ncluding primry

Phe. wax mount | ng ey cim 186 sPeias RBIRIEY b BoREne 3 9%l ol inatakb P ani 1y
% anCauriere a7t é{r%wcﬁaoiiwe“ S e %éebaa&'rrﬁr%i%? TR %5’66 PhBpRL ' o

oli shing of the | ess stem doubl e s ol,i shi n ke.have
PP 50" beorpibript ByAAhe FEReINAIENOBE Tk Sh i En R gTe PReBid. a A prEd

polishing step 108A shows a case in_ which i t he wa ess system
is 25 perWéfQ@wldmmithﬁd@%hi%‘f"?feﬁﬁlar%h?ﬁf h‘éﬁf}gmLy P

pol i shing step (A2), and a final polishing step (AB) mhrle a doubl e
si de pol |mmgn§hepfpménmolaslt%e in which double side polishing is
performed in a primary polishing step (Bl and polrshr ng. of ot her syst ens
are enpl oyed i n Bhesecafadaholdpig insétihed ¢ Ye=2 whard pal 1131911%& ApBl4 fehihg step
(B3). 5 The primary polishing step (Al), (B1) |s for the main purpose of

fI at tENi ndivaded abadiy mtoi twosystenisdbataadai waz souptise PYStPBhRREG & waf er
with the stock renpoval of |Oumor nore. A relatively hard polishing cloth
my be usedxlas systenecThe gvaxlesd syrstemrdogni sesi ovadeon chtkogsystest # on
polishing). Recently, before a polishing step, a flatness |evel of a wafer
is 10 i npeapththyysteds, dmbtlentike. an etching step, a lapping step prior to
t he etching

Of these systems, as shown in Fig. 17, a wafer holding head 240
according to the template system has such a structure as, when polishing a
20 wafer (W), the wafer (W) is fitted in an engagement hole 244 in a template
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



step, or a surface grinding step, and with keeping this inproved
configuration, making a mrror surface (so-called copy polishing) may be
perfornmed. The conbi nation of correction polishing and copy polishing may
inmprove a flatness level of a wafer "ghd nmake a mirror surface thereof. 15
The secondary polishing step (A2), (B2) is for the main purpose of nmaking a
mrror surface of the portion which has not been inproved in the primary
polishing step (Al), (Bl1), and in the secondary polishing step, there is
mai nly perforned so-called copy polishing wherein a wafer is palished with
keepi ng 15 awkf ¢fithe eefnipdatedtd 2o nedpectionin iamé thedbps githated Wﬁ@%e %@HS t he
stock 20 renoval of several um In this stage, there are sone ca§&§ where a
confi gur gtyiaee@fonta RewePPerehingontrndabbe (rot\ebwm) s that the tveafersrid) 1 i nal
polishing step (A3), (B3) is for the purpose of inprovinaMhaze, and t he
stock r eaPé/g{ 1dweOhoditivasY [6Rid srpusie sixface dithe wafeptBy eontattatness

| evel nore by renoving tapers and the 25 |ike of a wafer, it is effective

to polish { 1418400t el 1B@ ek ol thingduirheable- Gopshowh).nkn tper at i on,
and the Qﬁé?%géﬁ%olﬁiqﬁng 5} t he doubl e side (sinultaneous) polishing is

br ef e abl.g,. TRALST " Facil BESE R SEEfRIN BOkbaengplamy 242 Ipethorumbri n t he
p a

pri mery B I'shi'ng ste So on. en a wafer is polished by the

convent | onglyNex) S35t A9k 9BIAA BF o, dokblindie J6weybliameRpulpGidishi no.

al t houghPP fove er of peripheral sags are generat ed.

Fur ther \g'gb{ér%téggpggggr £h (ROIhSNCE4) RoflHbl 17| thePPlas thBEH Bk AGRE, thidl ses and

t he I!ke . . . inflectron polnts on a waf er syrfacez
bt o aruet RR bR LAt RN OHET ST BT AT st Ther ol worse. The
BS;:BES;§|O?é?E esqékgggs%gg¥§hggﬁgﬁ%%§§§9§¥§Hgﬁgﬂgggﬂﬁ%€§{ﬁ*ﬂ%%?ﬁ%han t he
S S s R e L A A e B
it ckor vhmmerd robagpEd A G B {OrTHpIA T BN ERorSSBIGH St BaR Ty
"ot ai ner miotipod naGN? GNP (Rbemitel amh MechaBicarPUBRAT0E B Tithoen the
1P glr ! ?Els?gﬁ,r atlesmjﬁili iflo Jcﬂtaexrxlltejn%gilals{hz lvge\x,fvgxq isd ﬁg\ﬁ ti)ynatsglgt bva@:L(frrlg 5d in%g %Y by,
Gl &
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 employed. For instance, as shown in Fig. 18 (b), a waxless

polishing step 108A shows a case in which polishing of the waxless system is

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



t he polishing pressure |lower only in the periphery than in the central
portion to inprove the flatness level in the primary or secondary polishing
step (on the assunption that peripheral sags are generated). The inflection
points are formed when a wafer havingdthe peripheral 25 sags is polished in
t he above descri bed manner that the rises are generated. _7_ The presence
of the inflection points nakes the val ue terned nanot opol ogy worse. The
nanot opol ogy (may be al so terned nanot opography) is one of surface

eval uati on wherein a wafer surface js divided._ into, a pluyrali reas 5
and a vafA2) iaod a finahgolishingreep pAdk while g danple We\/%qhgi‘)mgé]g%iéﬁﬁof t he
areas is evaluated. The evaluation is carried out as to whether what

per cent aghowt 4 asweihe wiscl fdmble sside qubisbingyis t prefenmerd 1Aa% | MM
specified variation in undulations (PV value) or what extent is the maxi mum
PV val ue paliBhihgt ReeP\MBAAl ad paisldhg ohethemlsyatesols areasmployerhdnf Rat ness
is based on a back side reference, a front side reference, etc., and

expr essedecdiark Holidhaes sty (B3) Bndra ShARpokhiag sthe (BBL.R (Site Back side

| deal Range) is defined as a difference in the distance between the highest
posi ton and t hehkoygatarpogslidang fstepn (A 1),aBLms furc ki gndiacpunptisehofracuum
chucks and fixes a wafer, when assum ng the chucking face as a 15 axed
refer .enceﬂeﬁ%niﬁk_aéﬂl?ﬁalﬁﬁé £VRIrkeH sEaeACihEid @ (tepaf pulhinptaivade: by
dividing the entire surface of a wafer into respective prescribed areas).

On the othh Mandock NewdERo! Sohth BF ibrel cASL1AAN dsariapd@hibg dothal ue

expressi ng a nexi num range o regul arities against an average plane of a

cal cul at Y op® oA bf LI J (FURFCPonfiRBKE ARPopATRRR AR

ee ness, It 1s necessary to

L R T AR SO SRR o
PO S 0L BT S0E B SO SOOET A h LEE LI Ypd T

and hence there is a big effect thereof. t hough_t o .8_
‘made smal §1&P: bYF r%dﬁh‘?#ﬁgea% RE ¢ v al ﬁln Wﬁg‘ 3%&@?1‘95?9@8 po pll}g‘ﬁ?%g st ep,
in order to make a mrror surface a | argef st renoval. i s kequir in the
subsequentonfEREALARy TRRKINEH A nRLIEOE p's,urgarF% Fsgf@gfegaﬁ%pyalpg h&‘éﬂ@ arg‘é 8 g‘?t er
all. Also when a wafer is subjected to polishi ng of the wa(gl e;‘ss s[ﬁstem
sags are Berdagned. M%@@ﬁtwq?@%ﬁqt%Pélﬁl RGPS, PAS AR case of
doubl e side polishing, and the flatness level is not sufficient. Disclosure
of the | nieptivern flatnéss laveloljsewafasfandmakeds BHEOr fpE qe&he{ed) provi de a
waf er 10 manufacturing nethod and a polishi 2% appar at.us whi ch enabl?
contrtd of sags The sheonskarypdishing stare (A% dB2) pador the mAatRgRIrIgse Olcul t
problemin the polishing techniques and inprovenent of nanotopol o val ues
t her eof t hetking serpiemiraurfaceesfuihecnbrition wheeht hge o beandmyresed &n fh8vi de
waf ers having the inproved quality described above. 15 To solve the problem
descri bedpaiexs; pélishingfstep ADYBA), aridin thet sewndecy pdlisingstepethfresent
invention conprises the step of perform ng back side polishing of the wafer
to producgs maiglesafaendl aneallodeanf poliskingotherhimg wafor sspolishediaihng a
mrror surface of the wafer. _

keeping a wafer configuration by removing a certain thickness with the stock

20 removal of several pym. 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



The reference plane of the wafer is a plane which can be obtained by 20
vacuum chucki ng 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 nultistage polishing process in which a wafer is polished in
muttiple stages is enployed as the polishing process, and the back side
polishing is perforned after a primary polishing step in the nultistage 25
pol i shing process. 9 Inthe nultistage polishing process, the wafer is
preferably polished in the sequence of doubl e side (sifnultaneous).

pol i shi ngolidtacly sipgeatisnngied sithie) waxlesshinadishirgnor sithe daphlp 5ide de)
secondary polishing, and front side (single side) final polishing. Thus
after théigoitdreosisiipokishinktiapeefesablepdherhfong, these waptempo Pl BALHHNE ep) |
there is preferably introduced a step in which a wafer is vacuum chucked
onto a fhady B@E@ffob@lediiﬂ@hﬁ|1&imatppnﬁkleinfgmtep lind tohen.waf er flat and the
back surface thereof is polished. The wafer which has been doubl e side

pol i shed in theywdpubh aysedas Polivhe@deotle @aivieshiongl steflesdsspalictahgemt i n
tapers, but has a problemthat 10 sags are easily generated inits

peri pher ﬂohﬂg fsf;ﬁ% g(s%aﬂ%lﬂ;la?egagb lbeliShHey, PPlthehgngtagleed 4ifee immfreved,sa

preferably p he stock renoval of the order of 5gmto 20um for
e

the both i teldh i whaleahpavafehingolisled t he
waf er isnglkbé %fg%ietrm{ﬁqﬁisﬁaégé’al{fﬁ el Btddneruihésd whaeehp 18 d

y “pol i he sequence of front side (single side)

. 1§ shi. . . ; hae "
o051 AL YA, 418011 itk e ! BLEneR g d ot o
pol i shi nggﬂg‘gﬁq?é rﬁlglgr{gts% de 63 ngl8a glgé%c‘fiéﬂﬁlhn g@ﬁ'pﬁ@i'ﬂ ortions tAbiRH, t he

front si e primary pol I ng” step) based on the front side

aval or 1 mAKR e e coros i e W SR b BB AR S ARER 4, LT b

the wafer_ 20 flat and the back surface thereof is polished. This is because
t he VAf erflafmiess thereOh¥OrS& 01 i shed according to the front side reference
polishing system.is excellent in panatopol,ogy, but;as.in_t si de
pol i shi ng sags Erh@ @§§’ipﬁ’3?r ﬁ@g%t%ﬁcpheﬁ?t%b(gér Pﬁ%e@"iﬁ 2 eergjgﬁlrrp 021 of the
pol i shing based on the front side reference. 25 . polishing syst there is
wax! ess pwhewnn@%@@wh@ﬁymfetheemfjslf ds %Si‘ﬁldo?xceS-S’i’G%f r?é‘%# i%E%?m%%d in
this case it is preferable to enploy such ,polishinqhi stem as wafer is
hel d by athimher theindithg pentrabrpastion lgneok | igsteEns ¢ g}f 8% a HATki ng
pad or a soft film This polishing systemcan_nake the front side reference
pol i shi ngphassnbhen edsibjerecurs wherpehakngiadwafs) hsaisagerawrethat r oduced
according to the present invention, the wafer is preferably poligshed using
a flats waf er holHhegisesadre e oz mhghomengnewberincihenberiBhere ofkher by
means of vacuum chucking or the like. In this case, the wafer is preferably
pol i shed ivafer immaoempolishéd \sacubecahes khickerdhan theecandrak partéder rld¥St o t he
wafer. For 10 this end, the wafer should be held in a manner that

t hr oughhopaenédmkenyacsldons bewmics ngually, beideftemmaddues when awadetasmodishetti ng
pressure Is set as |low as possible. Wth this polishing manner, the
flatness @fitiRSotishimehead ubhis pobidhedringfiarCMP anptbe dkeso as to produce
a reference plane. The stock renoval in this polishing is in the range of
the order of 3 tphd0izey Mhkh aldy elTepetrateli mchemrther polibking atbesis of the
pol i shed waf er becones excellent up to its periphery. It is also possible

to proguce,giRfRlBNaswRHad Ry R)nPMel whidigperiphent bgufraastaice; meakiager, but
in the present invéntion a reference plane is produced by polishing a back

surface ther e@fishipbresSurd Bwich®nly &% ghd pelphemeriidioin thd cantralnsbirsjpansabl e
to produce a reFerence pl ane of a w afer by polishing a back surface of the
waf er. 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.



This is because if the front surface is further polished after double side
potishing or waxless polishing, sags are further generated in its

peri phery, and depending on the type of a polishing head (a wafer hol ding
25 met hod), vacuum chucki ng narks may75e formed on the polished surface, so
-11 that the flatness and nanotopol ogy of the wafer are deteriorated. This
is al so because in order to inprove the nanotopol ogy of a front side
reference, it is necessary to prevent the deterioration as described above,
and to adjust the flatness or peripheral sags on the back surfacF

i ndependdiite presencthef hhedndeiayponrts ppakes b valher ErEedanangPgRAere is a
techni que perform ng the back side polishing after the doubl e side

pol i shi ngvaaseng the prior arts, this is not for producing a reference

pl ane, but for the case where the (back side) polishing is performed for -

i ntentional |y nmihengahdtepsloghaoeay d»agddﬂeg:srmfedan&mtepogna@@h‘grls rmet of cl early
di scrimnate between the front surface and the back surface after the

doubl e sig@efdreldvahiidtgon Wherbig pwasardurfaecistdivrdedtiht pplushitygf akeas t he
doubl e side polishing is not perfornmed for naking the back surface rougher,
but fer naki 89atieidbiskusdiilhaes thedloto valldys Pabvsivie) forieachhuif she agss t o

i nprove flatness and other surface states. 15 It is especially preferable

to performt i, tagk 808 Nahtishioeadid®but he towhuwehyr whht pbragtaghef pri mary

polishing is perfornmed with a doubl e side polishing apparatus to renove

tapers, Otrhebé(raWALFrﬁéceofél bbbl PRIBE a2Bad RavinPthe spétefie@fvarriim fol i shing
systemto I nprove atness of the entire wafer. After that, the back _
surface i | L4 r Qe 2mbhe thé ont
urt ace 10 e e T

manuf act u%?ivar?&rlgg goglﬁ%hﬁenggalhgfcéfg{éa%p point in its periphery. Now, note

that the secondary polishing, and final (tertiary)

polishing are expressed b he numbear. of . ishi i surface
of & Uhrer - By 1T Dagteran ared po agash SRGeBE NG, oEE Blo Fpfbbile, SUL1
the entire 25 fer (indirectly flatn f t rf f) is

i npr oved. ®%fo ﬁﬁpéésse-i rplrngﬁri\%cg,, aﬁ?@%@fﬁasgﬁu%gki}?% ea?@%ﬁﬁ%ﬁ@% t he
front surface, . e vacuu hucki ng,..,.s _rel eased, ;.t he fl.atne d

peri pher aB%hé&‘i’emoffPe@hrgwf% {s g]?ﬁ’?%{ﬁés Q?Cgh‘rzﬁ‘iﬂc(?\}é‘ﬁ\ﬁ 4%‘@&1"%@%‘(@?5%@& he
front surface. A feature_of Ehe waf er .nma ufacturiq&%ngtm?d ﬁ%gor Lnﬁ to the
5 present higheshpositioneand dhe lowesepqseion AR A YRR CERCEDS e\ya?:lﬁ m
chucked (fixed) when a front surface thereof is, polished . and {he wafer is
fixed whemasuwacehucks ané fixesr agrales, phensprsumingethe Fguﬂ%mg Praga
limtation on the fixing nmethod of the wafer when the back surface. thereof

i s pold shéidedeference fiert Batnessfandeevanasing ¢ack: sifpfeachhayes %%m%&f EYwi t h
adhesi on by wax or vacuum 10 chucking to make forcibly the fixed side
surface oflitidmgwieenfitasyrfachalk wafer e respedivepreseribed ageasd i shed. To
be nore precise, when the front surface of the wafer is polished, .the

wax| ess pol i shi n@nstiet ethebdwed, the SRR (Site Brons leagtenQuases RANENing syst em
or the like is enployed, and when the back surface of the wafer is

pol i shed, viahge baskessinge mefemenceangd éfdregylaitice agdimst enaverageplane whi ch
the wafer is held on a work hol ding plate having a reference pl ane.

Especi al | pf 4 nfréhatsidaseferpate Shi tgrms afefliresed the dtweragequiameebeing he
front side polishing, back side polishing, and the front side polishing.

The fpont Gldgakd foshiarl sitkedsquahs twafet flranesnpviogyceseant ti edprawed t he
back side polishing nmakes quality of flatness conpleted. For the
the SFQR and nanotopology of the front 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

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



20 front side polishing after the back side polishing, the secondary
potishing and final polishing should be perforned, but the sane effect can
be expected even when only the final polishing is performed, or when
addi ti onal polishing stages are enploged in addition to the above descri bed
polishing steps. It should be noted that either the front side reference
polishing systemor the 25 back side reference polishing system nay be

enpl oyed for polishing with a -13 small anount of stock renoval such as
final polishing. A first aspect of the polishing apparatus_according to the
present mmydnsmatler bypredsemg a stockstempendlgni thg cgzadﬂe silef prlighang 6#98.ng
primary polishing of a front surface of a wafer based on the front side

r ef er encénDrpet tsmale aymireor autfacsta larger siocl nemiaval ds reguiseddnithe waf er
polished in the first polishing section upside down a second polishing
section fyehsephdrihiceendaiiaplishingatep,oind hergeabes ara generatedtadtantmdl.e t he
waf er polished in the first polishing section is vacuum chucked onto a fl at

waf er hol fikp gy b &vhfer Takabjdtad bb yolilkingesfethel Wakless sysandsdgavaret i ng
unit for turning the wafer polished 10 in the second polishing section

upsi dg dqun;) %egngg%eB&%ieﬁm pgr@ﬁ@h’» n thokyaIeF henifithe a6 uTdRipleeldeshi ng of

the front surf wafl er “based on the waxl ess systemand a fourth

pol i Shi ng, 3e6440N. 10 PEALATIARI 1L AL spidiaing of the front surface of

t he waf er base e waxless system A second aspect of the polishing
apparatus according to the present 15 invention including at |east three
pol i shing sections conprises: a first polishing section for polishing a

front surface of a.wafer w.thout vacuum chucki ng a back surface of the
fostre 8f e B

waf er a fri VL?ﬁ’ltfonf'or turning the wafer polished in the first

L i shi ti i de d q i hi : ' Do ih
back sur face of 1t it GEIFH ohetdt dpeaneriPRE 3o thap b 6 Fohed o he
first polishing section js vacuum chucked onto a flat waf holtdipgfpl ate
to rie rBRERAGUEE Metepd nd A PULRERG ABRAREH I £opBle FORRPREE the

waf er polished in the secon ol i shing section ups]. own thir
pol i shi ngsagsci Bhe pelflpfmw &ht @W%#Jér Fg%‘hfs e s ddﬂﬁt“ﬁ%%&ﬁ%?“ W tHout
vacuum chucki ng the back surface of the fer. 25 The mafﬁgga@g%%ging to
the presepelishngreclunanas apddmpypyement of nanotggplogya@lues thered thafds ei n one
mai n surface of the wafer has a configuration that an SF X is Qldzmor
| ess and especiallys required [laciecont Foars and alsoehn Brovdfe avafers having e he
peri pheral edge of the wafer. The inflection point is a point at which a
conf i gur atmproved quditydesexibed hbnges from a convex
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
920 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 state to a concave state or froma concave state to a convex state, that
is; a part at which a sign of the differential coefficient changes from
plus to minus or frommnus to plus. The wafer of the present invention is
characterized in that there is no abr@pt change in this curvature.
Especially the wafer has no |l arge change in irregularities of 0.02~zm or
nore. 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 2nm
square areas, a PV value of each of the areas is evaluated, and the maxi num
PV val ue anmong IhehPulaistrese fdishaig peocasaathedwaferds prefepabin prlisheds. 15
Brief Description of the Drawings: Fig. 1 is _a flow chart show ng an

exanpl e ¢f fhePsafiRsSe Sod@rile side dsimunkanendiotishingf baclaider (single

manuf act uri ng nmet hod according to the present invention, and a part (a)

shows a waiSrpdTRHAACHYhE nedPI(gagks skied uebeed arwhpoleslangannd (foyneshuoles a
pol i shing process sequence 20 Fig. 2 is a map showng flatness of a front

surface %in%fl]é("asfi@é) 8" phlaeting. bemmugalfierhebe i dodbiv esitle veinxiaapeens ~ Fi g.
3is a mp ow ng flatness of "a front surface of a wafer after having been

pol i shed [ 5, | sp)Fi .4 SrafeFEly Shomidnged lsattepsm of a
R e e

front ace 25 "havi ng been polished in Conparative

EXanD! € Zonick 4 3p8hef:is Vacfiuth ShAREC BAY BONAT Qoo B6ldiaRlathapesalel

peri pheri® ers (are ronshi p tween a di stance from an edge of

| nvent i vee BRI Taredh i P8RS L e e B e e el e 2,
and occupanty r s v aRir B RAS AR (ISRt M e e,
Schemt i comrasatBn AYSHoERGIE P DeR: BlosterS, sHEIRE" Pifplem Bt [ 1< @
verkd oneaa%y a6 GeEla SEROREES nyFBWPSHERFTG Boprstben (e ARHC gaesen
Showi ng. apphdsasevendbe o & briptE Ea PRE: bkt B¢ e EFIRIThb el e
m A5 g&)r;e(i' ()ifsf)p?n ftcl) g\(l)vpgnhf%;tthg ?)8’#1 Qgrfgcr:]eset %rltgcl)f? FolIrtﬁ‘elp I the multis %%ch ina
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



second enbodi nent of the wafer manufacturing nmethod 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
is a schematic explanatory plan view Xhow ng an 20 enbodi nent of a wafer
manuf act uri ng apparatus according to the present invention Fig. 12 is a
schemati c explanatory enlarged side view showi ng an essential part of Fig.
11~ Fig. 13 is a schematic explanatory plan view show ng anot her 25

enbodi nent of a wafer manufacturing apparatus according to the present

-16 i nvethe bteFagd in4hisscasa 1@@@@@2@?@%@@@1% %thﬁﬁﬂ?\ﬁ%n@rﬁyéi%%ﬂse of a
single side polishing apparatus Fig. 15 is a picked out cross-sectional

expl anat ar waféreis heldahy 5 sefenbioklingapartiomood Agsodh elastiepiilen gfuch av@bl e si de
pol i shing apparatus Fig. 16 is a picked out cross-sectional explanatory

vi ew of dackigephilalr pavft Showi Tigisapoleshangsgstein @apohakhithg fappasateus used
for back side polishing Fig. 17 is a picked out cross-sectional explanatory
view of aBafelEnespelithial gasesiblehowi ng an exanpl e of a wafer polishing
apparatus based on a tenplate systemand Fig. 18 is a flow chart show ng an

exanpke of a praEgssisehsdack stfe polishivigniéwhialntvedeedraveofdisiguol tig: et hod,
and a part (a) shows a wafer
present invention, the wafer is preferably polished using a flat wafer holding
plate with a high hardness which holds 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 is 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 is also possible to produce a reference plane by polishing a front
surface of the wafer, but in the present invention a reference plane 1is
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



manuf act uri ng process sequence, while a part (b) shows a polishing process
15-sequence. Best Mdde for Carrying Qut the Invention: Enbodi nents of the
present invention are described below with reference to the appended
drawings, and it is needless to say that various 20 nodifications are
possible in addition to the enbodi nents without departing fromthe scope of
the technical idea of the present invention. Fig. 1 is a flow chart show ng
an exanpl e of a process sequence in a first enbodi mrent of a wafer
manuf act uri ng nmet hod according to the present invention, and a part (a)

shows a wahekhdRavhaGand ﬁﬁn@fo%%ﬁ_ﬁiﬁ STeudensRr a2b dehiridagedart (b) shows a
pol i shing process sequence. _ 17 . The wafer manufacturing process shown

inFig. 1 (a) '1@}1?% ;”@ Agggtﬁeqah iif BRYEY RGoveahe mRANY A6EH LE AFrHROCeSS

Zh?rn in Fig. a polishing step 107 of the inventive nethod is

ifferent_. C I LS . : T RSY Y step

107 o 5806 Bifehotfest R HRELAATY f Bicalle Mg Mot diaortu APt oRS, 01

si de sinmultaneous i pol.i shi i j si de)
pol 1 shi ng i BpEsh PAL R RS SRR ELER Sl b BlEBeRRBEKC: 0
107c, .and si_ngl e si,de ont side).final polishing step 107d. The

di ffePentofﬁbman?OMP%Y %E}&eegrgn‘% Pg%ﬁaf%'e conventional doubl e side polishing
10 step 108B sho in.Fig. 18 (b esides in that the sjingle side.(back

?i de) polishing %ﬁlgﬂb?ge% 1%%0’2%5’@@“& P%’iiglflﬂbn%é}ta%ﬁ’@ciéi 53@9 ﬁoﬁ’&ﬁ%’g%eous
primary) polishing 107a. descri bed herei nbefore, .a referenc | ane of a

wafer is h%ﬂlﬂe@‘%%}eﬁé‘f‘? Eﬁﬂgng aeNe the PHOL agts, ltﬁ‘é 15,00L fo% R YCiR$ni cal

point is the greatest feature of the present inveption. 15 To perfqormthe

doubl e si derefetemce apedes R fomthe ¢Rse ety %heeggﬁ@hag}d% h&pP&s B& used

t he doubl e side polishing apparatus 220 generally known as an appar at us

pol i shi ngpexfermed feromsentipneily makipgdhe surfage doupnessoia Warar40888eT o

sem conductor wafer as explained with reference to Fig. 15. As for a

pol i sH) ngteaglparlatdiscimddatenbetivecebaidie &puk spoface mndgthet kaslognrfagmadert he

inventive feature, there is no limtation as long as the apparatus can

produce atheefleuklecedepahishirndInfthe nrasertnuwention, thp aolishmgeftehdha in

Fig. 16 may be used. In Fig. 16, a wafer holding plate 152 for polishing in

a pol i shi dgublepdd@ipolisAhl} isnedtuskeforanedhfar mhklng tige phekt sutfady ragghewhi ch i s
made of hard materials such as SiICwith high flatness and provided wth a

2i8waf er hat drmaakind tecbdddsarfdcamitioh golished htiblighthid et ghSH ibmprovacuum
flatness and other surface states.

15 It is 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



chucki ng. These throughhol es 156 communi cate through a vacuum path 160 with
a vacuumunit (npt shown), and when a vacuumis provided therein, a wafer
(W is vacuum chucked onto the wafer holding face 154. Further the 5 wafer
hol di ng surface 154 of the wafer holdlag plate body 158 may be covered with
a resin coating 162 having throughhol es therein. Wen polishing the wafer
(W, the wafer (W is held onto the wafer hol ding surface 154 of the wafer
hol di ng pl ate for polishing use 152 by means of vacuum chucking or the

li ke, and the wafer holding plate 152 hol ding the 10 wafer ( is set to a
pol i shi ngrheiad, bg6vaawimgchuckingr ynd mpeflishimg thehieng hﬁélr\fﬁeer"\vl%w the rotated
by the polishing head 166 and sinultaneously is pressed to a polishing

cl ot h adhercednoohockinguisnreiedsded, thetflaghosmpnd qrextpheyabhisags af §g@c,fr¢nted | oad.
The reference nuneral 168 denotes an air supply path provided in 15

paral | el gtirfdvetdie ingroued pathoutGlishing the froat susfappl y path 168 can press
down the wafer hol ding plate body 158 novably supported on the wafer

hol ding plate 192 foyae 6f akéiwakeppoiufpciulrirgn nethadadecorflingitbetheor t he
l'i ke by supplying air into a pressurizing space 170 provided inside the
vaf er shol ghie8eniralea tiba2reaidbsanone fdift Wedethdwhadimng tataubadyhidd t hus
the wafer 20 (W being pressed to the polishing cloth of the turn table

(not showmk HNGSen™ B3Rt sRrfabe RREFOPINFORARIA ah & the RRIfbLIE RtedwERad f i ed
flow rate onto the polishing cloth froma nozzle (not shown), and the wafer

(V\]Z I's pollghad.chy fhe 1isfh'als. Mﬁ{éré hi B9 e6Tc 1SMpRli Rlob ehaveeind he

e
wafer (W and the 25 polishing cloth. By provision of the above descri bed

pol i shing,, & S ELLIR G Gfer whdn RhEBER butfite YRL A0S (PoliHb OB ul tRE WREr

is 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 completed. 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



After the above polishing, although the wafer is still flat in the vacuum
chucked state, when the vacuum chucking is released, the wafer i's apt to
return to the original shape. At this tine, peripheral sags on a front 5
surface of the wafer are inproved. Weg.a stock renpval is large even in
case of the back side polishing, sags are apt to be generated in the

peri phery of a wafer. However, even if sags are generated on a back surface
of a wafer, or inflection points are present thereon, in the secondary
polishing step a front surface of the wafer 10 is polished with keeping its

cont i gur atLop e 18l DaR-HAGK, I ARERAN pABALer by means of a Sof

backi ng pszi% i ke ho ransfer a face configuration,

wh b ly the f t f f 1 i j

Sort a0 without Iharnh aspriiRofhebholiang okt Jopi AL o (BbdRelhE (07
Mar ks of throughhol es or the %isﬁe m be traﬁsf_erred ogto a polishled
surface. IAYPRUIPR GRERILESt iyt iF¥le PRUFRING SOFUPR| (9t RPXEVIHEEHPEKBA™Y n t he

flat state tog .produce, a referenc | an o t hat st pong vacuum chucki ng
force is Pﬂ@&ll{létﬂ ya rigent ﬁ@ﬂ{acwcﬁhgtvﬁ ei‘é‘%%ﬂeg PR ecffﬁflgg%&%trlegr@nf’% t he
vicinity of the throughhqgl es appear as rks aftei1 poltj shig . %UCh
appearanceolifhing systerves fysbinvertiagghHb fostyreg tha waishar g@e fothe wafer
worse. In this inventive nethod, however, as the back side polishing is

per f or medfirstmwlisbave seasint vpside dawini @ sacoed ipnedishingksechiopdar PeHShmE dack
surface the marks transferred onto the back surface have no effect on a
front surbadesasface of ithe orafer di thastptker whiete she seafer pobishediinthe fiséondary
polishing 25 of the front surface can be perforned w thout any problens.
-20 Ther epdishinktsectioprieverabinechuwrkaed endo poflat wiafey hpldanaplatertarmdkeVP in
the single side (front side) secondary polishing step 107c in the inventive
met hod. | fortivdy EMPwadembiera secondlidventimg naft fobdokning thedvafer tpodishe&e and
polished with keeping a configuration of the wafer surface to be polished.

In 5 1di sisthe,secdnd adishiny abtttorn apséde dbenhar dhivdspadisiihg geotioahfong cl ot h
to an Asker C hardness of the order of 70 to 90, that is, rather harder

than the gegbpRiNg BédondairPolikRinE ofitheifforit Afri@dfecht hadfet hatéd sngheondary
polishing step 107c, the stock renoval is 2~zmor |ess, and especially when

both the gecondaitdfl hallaBurth péleshih Gechpd féﬂ”‘ﬁexffbﬂﬁingoﬁhhﬁbblﬁ@liﬁkep 107d
are included togéther, the stock removal is in the order of 1 to |.5gm

Wth Suchofltlfé%ht%ﬁm\éﬁlofkﬁé/waf&%éﬂs%%ﬂ bedwaknue sybferihi s pol i shing step

generation of peripheral sags is prevented, and also a mrror polished

surface is made ﬁLgefcé)xg(jl Q9hLot of'the YoRkhth Pap PRt £ Us HiBIrdn g O thIPLEdd RN Of a

waf er can be correcte
15 invention including at least three polishing sections comprises: a first

polishing section for polishing a front surface of a wafer without vacuum
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 polishing 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




15 also in the secondary polishing step 107c by increasing the stock
renoval with a polishing head using a retainer ring or the |Iike. However,
when such polishing as described above is perforned, a wafer having
inflection points may be easily manufbtured. Therefore, in the secondary
polishing step 107c, it is preferable to set a stock renmoval in a manner
that correction of a 20 configuration of a wafer is substantially not nade,
and to polish the wafer with keeping the configuration obtained in the
primary polishing step 107a (and back si de polishing step 107b). In the
final polpodishad satfapes, Gvblerepolons aig $urfarer dfghesrafesiheg a eenfigirasioni onal
singl e side polishing apparatus 200 as described in Fig. 14 and a 25 suede
type pol ithht gy SFQRmardist 040hinker less 2hdGdrezealsl 3o inflectéon pomtt Bndency
that the nore stock renoval, the |larger peripheral sags of a wafer.

Ther ef or gentér siddest 2@ Tpsravehe patiphemlasitenahthiopalfogy Tie mftetmnence

pl ane, a stock renoval of the front surface of the wafer should be

desi r abl yosiRld a pEinBlatiwiich\d atfidahties f (hesuaes shasg@siroma thevest at e
where a stock renoval of the entire font surface of a wafer is small and

pol i spi ”%téféetd‘@fc%hcéx'ib TR MR FrothRoRciRCHabdI t6 ACRIExIRMIREE id, % NOt
transferred in the secondary polishing step and afterward, it is possible

to manufagture o wakedi-HarkRY difdeavad chdRtRes shafdeNAla SR RAKITEY the
surface rererence, and 10 especially a wafer having no change in

irregularjf firS%]f ﬁgm?so 9(%6% OfhdRfafer Mﬁh éjrra;lraerggn'xf@ﬁ?‘éniié"f:fl kRPNt 0N

the vicinity froma perip ge of the water. Next, using
Fig. 7 that .i.s a schemat | i i a ence in
the 11 vt DB Sreh s e R e e ) PR o SRR O T
present inventjon, there are.explaj changes, i nfd i a
waf er in 2a8H cbﬁng%énbmeggﬁﬁr fdengBs pr‘intoﬁélq?rr?\'/enl% i%l\l/éé%ar%]ggécgo&aﬁk ?Cit rst, a
front, surface (A) and a.back surface.(B),of a.wafer (VW) e subjected to
the g9 matBp PB%??%‘F é%?’ﬁl%?n’pﬁl }Ssmeﬁgfat\(‘l%rthﬁﬁﬁ ek su (;[eh%f" eeWoé’B’”i he same
doubl e side.polishing. apparatuys as shown in Fig. 1 (ELg. a)). 20.The
pol i shi ngg’é’é‘gﬂi %IFtSr%Ph&%‘f]ttﬁiO;%?’innﬁr T 8N gﬁ”e@é) gp%?lvé’&‘é@} 8pehobr e not
limted especially but the polishing.shoul d. preferably Rnggrf rngd under
the fol | otiaressrigievrbipsed rend she mpimage Povatus woegedhe FLvalussdpkpa)
Polishing cloth : nonwoven fabric type (an Asker C hardness of the order of
25 60 to 8bevalugtedpgpasis 2pmgwress.cont ai ning col loidal silica (pH = 10 to
11) Supplying rate: 4.to 6L/ mn Stock renoval: in the order of 5gmto 20m
for both surfaces, and nore preferably about 161zm for both surfaces. 5 The
above Asker C hardness is a val ue neasured using an Asker
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 polishing 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. 3 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;



rubber hardness neter Model C that is one of spring hardness testers, and
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) hage been generated in the periphery of
the wafer (W as shown in Fig. 7 (a). Then this wafer (W is subjected to

t he back side polishing (production of a reference plane) (Fig.7 (b), (c)
and (d)). In this back side polishing step, as a polished wafer hol ding

pl ate for the polishing apparatus, 15 there is used a hard holding plate
152 made of Si CRABI 6hisi dgiranple shiokénpadress-badtitinad shapbaad pgerdpleardesaofiunber
of throughhol es 156 for vacuum chucki ng and the hol di ng surface 154 of the

waf er holwhfgs Qh%@aﬂ&?sﬂi% Hebwesed Wstin@nfropDxy ¢ of tieatvafer bhtim 162 as
t he polishing apparatus 150 shown in Fig. 16. \Wen vacuum chucki ng t he

waf er (Wenidda ihthsciiRbs EhdiRbfidrr &8s 2ed PAlishEiy BevHT e Bekag1vaf er

surface becormes flat with irregularities being generated on the ot her wafer

surface. flGomparfliye BREAINY, 8hA'G E{a%&éﬁﬁxgﬁ 10! pfbaGselgf Lhe vafer

becones cdpvex I's state the sag Int periphery séection of the
L o ke, 8 B e Ty NeRpe 0 PR gt e
19, T (o A SE T S el e I Scheplop Bl 01
AR Tt R N T IR AR
of the order of 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 1is 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



60 to 80) Polishing agent: containing colloidal silica (pH = 10 to 11)
Supplying rate: 5 to 15L/mn Stock renoval: in the order of Sumto 8tzm and
nore preferably about 5tzm 10 By the grovision of the back side polishing
step as described above, a reference pPane of the wafer can be produced.
However, even in this polishing, sags may be slightly generated in the
peri phery of the wafer. Al though the wafer is flat in the vacuum 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), thevemdewm 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 Whisan(erplaratdraisideovgh shevingoae exaripde of @agingle t he
wafer (W is inproved in flatness, the surface state thereof is unchanged
as conpargide pwolibhinlgadpsarbfest ed to the primary 20 polishing. The wafer (W
in the state described above is subjected to the secondary (front side)
pol i shing (Fig. Fig. (16) iard fitked oty ctogpsectiopal iexhlargptappanew usf and
pol i shi ng nmet hod conventionally enpl oyed may be applied to the secondary
pol i shi ngegsbhtialipasishoswpiagial exampleadf DdoubletsiddpoBshing2ppprefws abl y used
for the above polishing the polishing apparatus 240 as shown -24 in Fig.
17 wherein a Waffﬁ%. 1% held pivkédeodiackiseGepaenab@xphthatooliski 6f «l ot h
slightly harder than that used in the conventional secondary polishing step
is used. Jhenngl ekt BHowPNElakl SRSmPRI of B'ﬁolﬁs@ﬁﬂ%%’pﬁréﬁd@ﬁée&f&ehaﬂ@ i shi ng
5 step are not [imted especially but the polishing should be preferably
per f or med; Q%ggsF :follow ng conditions. Polishing |oad: 100 to 300g/cn?

a) Polis

(10 to 30K ing cloth: nonwoven fabric type, suede type or

I th t ker_ . f t 0
Iggl iygLiengagge n%/ Fﬁgc() n nZaIli?]i %EP 1?]5?(?{)(?%2??%&% ﬁetégg?gﬁ%%&’i%{at%pﬁ 1\§e§u%))£lzé/?il ng

te: A0 1D ; k I I :
i o1, Pirebet el ERIRER of # R pondilh B BREATR DB TR | Phe
soft back#gg %ﬁd 2§p .Fi 17) and the relatively hard polishing cloth, a
15 wafer B f §heG ’ﬁnginanner that only a configuration of the front

surface of the fer,is rrected.wi thout a configuration of the back
surface ther eof V%@'r ﬁué 1% ?‘3&%? g‘ﬁ?rchhowgg Bgc%aﬁ@pqﬁé)g aRGOLTE Ry AUTH§e Péa
preferably made, of _a ugethane foam pad d,is 300mor ,Jess in thickness.
The har dnEaVeafiongd ‘ﬁ%{eirslﬁliaﬁ‘&f%qtb}fwgs%gﬂ%d’b%ngr%fpé‘trélﬁiﬁ Sf‘ﬂwtsﬁéw &r C
har dness of the order of 20 70 to 90. There is, ,ng specific Limtation on
the pol i sEanpfactairng BERresh Seauenass Wikle ﬁcnﬁil%Z‘P%éﬂ%’(%ﬁsﬁdﬁbﬂn%r%eﬁél i shi ng
cloth (or polishing pad) in the polishing steps a nonwoven type polishing
cl ot hl@r &segupnte. type polishing cloth is mainly used. 25 The nonwoven type
polishing cloth is generally nade of polyester -25 felt (its tissue has
random structure) inpregnated wi th pol yurethane, and has porosity, adequate
el asticity, and excellence in a high polishing rate and fl atness, thereby
bei ng cap&esise MdderfakiGegrying Qubthe bavantzin’| arge, which is used mainly in
the primary or secondary polishing step or others. 5 The suede type

pol i shing cl ot h Emlpeimmeats yf cdeppsesdntfingehtion #wedgescribed below with

reference 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. 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,

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



made of polyester felt inpregnated with pol yurethane, a foaned | ayer forned
i n"the pol yurethane and openi ng portions provided on the formed | ayer by
renoving the surface section of the polyurethane (this |ayer is naned a nap
l ayer), and is used especially for fiA¥shing, a polishing agent kept in the
10 foanmed | ayer being reacted between a work and an internal surface of the
foamed | ayer to Il et the polishing proceed. This suede type polishing cloth
is used very often in chem cal nechanical polishing to give a surface of no
damage. Recently, there has been developed a three |la %n pol i shing cloth
not 15 using nofkevweafer avanefactiting pressse shewn ingdhigi hgq apcunilar page body of
a hard plastic sheet, a surface |ayer of a nap |layer nade of urethane, and
an el ast i @nyhatibnpl ovafide dmamgdéactiinm g asecdse dghowmpiy Kige Iol(ashbwy | ot hs
descri bed above the nost suitable one to each of the polishing steps should
be sel ectgslishing sheqy 107 of ehie Rivenltare mothdd & dfferndairymptidlel mivegtishep nay be
provided 20 additionally. The wafer (W polished in the secondary polishing
i s subj ecpsltkHifg lsbsp 10®al polishing (Fig. 7 (g)). The final polishing may
be perforned using a conventional nethod. The polishing apparatus for the
final spolishing Tige pelisHingidies 10FnsCihl inyeatide thethodnak shekirsi Meg.St ep
shoul d be preferably perfornmed 25 under the foll ow ng conditions. - 26

Pol i shi ng@?@&hﬂ)ﬁ@eé Q9 dQ9AL Gife CHBulRNBHE* ﬁﬁidr?gﬁﬂﬁsﬁir@ E'ﬁe?um,

t ypePol i shing agent:containing colloidal silica =10 to 1)Sup6?ying
enough. 18 e s oL b P RE, o s
e on « R&Hbifiecdte 1RIE fd & G0ke I Gl onih gl LSRR RN
deacr bed Reg T TD Lo AR et S APERA O ARTal du e i Sy ©

of 't M9 et £OS3 ot i€ i 1Bt s Bt sinle 98 B s Wnere.
pol i shi ngPORHIRESERAP T PypATPIRPL A tHE DT e S pUtAERHS SRPEHEYD | rry
St W T SRR, i St P

waf er manufacturing method according to the present invention, and a part
(a) showsProdiedrbsaplishing @ bagk pridaes of thegwafre thigiechnicab ypint(pthenons a
waf er polishing process. 20 The wafer manufacturing process shown in Fig.
10 (a) i sgreadestaipatare efiheqyeoent inyeationaf er manuf acturing process shown in
Fig. 18 (a) and the first enbodinment of the inventive wafer manufacturing
proces shown i nTEingrforgmyhe souble pule simwgareas qormanyk peligivgnetep

enbodi ment is different fromthe conventional polishing step 108 and the
pol i shi ng167epthdid mhpwre usedrthe doubk {idy polishui7affharatukiddi geperally 307 of
t he second enbodi nent according to the inventive nethod, as shown in Fig.
10 (b), chmpwimsas aa dpparhted geliglsingglimudtaepuply bethythzobadhswmgfasdt epd307a
based on the front side reference polishing system a back side (single

si de) pol ifshitrgirfdcepf a0amicandtictot waifeeas skplalme dwitd) réfemawontddiiy. pal i shi ng
step 307c, and a front side (single side) final polishing step 307d. The
front side (singhe for Gepolshimgr yppedaitadiuzgd sSihethe3Ddek Bide golishinigestiepont
side reference polishing system neans polishing for one based on the

so- capped 10gBRIfAhE ifVSItRFe fsitiek, 3hbAsld N likdita6ie ak Nényax ths appusiRIY
including a polishing system holding a wafer by an el astic body and ot her

10 pol i shicag H¥%aLes 8. refdi@hcd pland, drid, FoP AU dtahbdIGhe pipdFhiuk WokEbwa waf er is
polished in a manner that the wafer is not forcibly held by neans of vacuum

chucki ng arigt 1§ nhaKBe 1RBE. 15 MOt 16] XQehibP hBlIAL PG PAFR Wlidhieg h ke to be
a reference plane.” The different point of this systemfromthe conventional

wax| ess p%ﬁ%ﬁigx?% g?bﬁﬂat}n@%(ﬁ RoMAdbd aFivd ferlRoldMg ?@éﬂeds&l;i n5BNghidhh® singl e

15 side (bac polishing 307b 1s performed after the waxl ess polishing

step 307a pageds 8ard header il sREH G SiCeHENCRIPOHABNHAG RY ptAMHefwitlesCr | bed

above, the greatest feature of this invention is in that a reference plane

of a vafergif, AT I P AU54S A% At StilAtehabldshe58@b£hacuum



To carry out the polishing step 307a based on the front side reference 20
polishing system the polishing apparatus as al ready described with
reference to Fig. 17 may be used. The back side polishing step 307b,
secondary polishing step 307c, and fiHar polishing step 307d correspond to
t he back side polishing step 107b, secondary polishing step 107c, and fi nal
polishing step 107d shown in Fig. 1 25 (b), respectively, and these steps
are equal to each other, so a repititious -28 description thereof is
omtted. Changes in a configuration of a wafer in each of the polishing

st eps i nchuekygzond enbodi nent of the inventive process are alnost simlar
to the description of Fig. 7 showing the first enbodi mrent of the present

i nvention. 5 A Thesetbraugidiokes 356 tcommunipate shbwwhmeritactigmpatle ¥60 st
enbodi nent resides in that a wafer after the polishing step 307a based on
t he frontwshdevaafenencié (pot shdwn)yy sndswhenhasaeusmr sgurevited: therbior, @ t he
front surface thereof turns into a mrror surface and the back surface

t her eof iwafen (B)ckadcouni ahackdbuvauethe vadsr holdinefimreat®tl Further @der i phery
of the wafer (W due to 10 polishing as well as etching, and the

conf i gur aghfer Holdiheaurfacesif dfahe twafeh abldihgwhatierbddiydl 58/még)be cblerskcond
enbodi nent of the inventive nethod is described bel ow focusing on the

di  f er enty i Phedieb&Qhe T6OMAIRE thcigemasigein of the inventive nethod
i n whi ch doubl e side poFishing iS perforned in the primary 15 polishing

step. The poli skypgn $RNdhidL 0% Walker! (W), RALIwAleR (W)RS HER ¥nBOths Batey Step

based on the front si ge rex* erence polishing systemin the second enbodi nent

of the ing@piyﬁ%g}xgg&éﬂ&?& af@maﬁégi@gpﬁg%@a@@%ﬂ@%h% ubd85P8YimbiRg shoul d

be prefer rmed under t ng conditions. Polishing |load: 200

A i S
e ST DR R e

g?re [) eisgon}gﬁff’gfi@? lﬁirﬁggte‘ilrt%bs}}e Wltséy?gglﬁad% %cf)n mﬂ%%%gougyfﬁaﬁvgs%ﬂ shi ng
S5 | 't HonRAtbER oo SR GHo GUFh DR, GOt PO RERHE TR Bt he.

sags on the front surface (polished surface) and the sags 5 on the back
surface (&@h@%ﬂk@t‘#ace). The polishing conditions for the back side
polishing step in the second enbodi nent of the inventjve nethod._are not
linited especi alThe seference pumesal A68 skaates e ajy éPEPlé(bwaythpM%ﬁi?éw under
t he folloqug condj tions. Polishing |oad: 200 to 600g/cn® éZO to 60kPa) 10
Pol i shh ngparaliel: withvideeraquamm inathyiid), ead 1k &ir supplopelEs 168 cencdissder of
60 to 80

)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

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




Pol i shing agent: containing colloidal silica (pH = 10 to 11) Supplying rate
of “polishing agent: 5 to 15L/mn Stock renoval: 5 to |10gm preferably about
8~m 15 As the back surface of the wafer is an etched surface, in the
primary polishing step the wafer is pteferably polished with the stock
renmoval being slightly larger than that when the double side polishing is
performed. The subsequence steps are equal to those in the first enbodi nent
of the inventive nmethod shown in Fig. 1 (b), so a repetitious description
thereof is omtted. 20 The multistage polishing in the second enbodi nent of
the i nvemlaneofithawafardyVheambe psedieasdusi ng i ndependent pol i shi ng

appar atuses such as an apparatus specialized for performng the primry

pol i shing step, Adied the appee polishtyscilthowghd therwaters br sitHgllehan gdek si de
polishing step, but it is preferable to use a conposite polishing apparatus
i n whi ch vacphdt ahuékedofta?s whehshengcappachtucdseg iarreldasedgthd mafer iIsanged.
Fig. 11 is a schematic -30 explanatory plan view show ng an enbodi nent of
the inveniptug 12RO the Pelgisdll sttapappAt ghisstimie peripheralpergsammirfgonthe
second enbodi nent of the inventive nmethod in which four independent

pol i sBi NG 3PRAGFItUE §Fafef ré Dhpeswdld.y arranged. 5 In Fig. 11, a polishing
appar atus 400 according to the present invention conprises four different

types of polishiyage RRRBSA M3ESvAE BAGEEGvEHEE 888 ofthe acksedy psligteingsi ngl e
side) primary polishing section (a first polishing section) 401, a back

i d X L d g > ¢ . i ) 402,
fSIr oﬁt ( :: g%g?’s?ﬂr?g?%t g?gg)séé?gg%%g?rﬂyﬂ%oF?glﬁlﬁg%ngggwgﬁ@( g{blo t h% r@gé%ol i sh?ng
ti 403, t sid > . ) a (i
ourt b hoften iy Sefetdigd orbialBaie iolte HiCR)watelSor RANLEAGLARG! AT 12,
first conveyor.armfor.con i e f i first
o oo iR BRI O At ML S BORY RS e e T

polishingp irs n or turning a warer

upsi down i,s .provided between 15.the fi i.shi ect nd the
sec og@ potSi %ﬂ?ﬂ%dsg&tg’l gﬁelﬁlﬁg , E?’Aﬁ%?%ﬁ‘ﬁrae{: 1%%?) &rﬁo%h{r%]? %c%oﬁlg %%’d 6? gi(l)ér;:t
surface can_,be turned qver .f.or.polishing, t ba [ L0 the
next st epWaLhy Bepps o a§8@6ﬁ5kgﬁ%8? PﬁghﬁﬁﬁFI%%$°?%¥k$%$%%%§E§8§%#€r
upsi de down |s provided too between the con olishin ection 402 and
the. thi r deqpeiSushiRg, SOHSEF Bh o Bt o SHEaSH AU B SRy BB SR8 ho

waf er can be polished in the third pglishing section 40%{.e The nechani sm for
turning ogemirropsFuiaces Wit brineapedes o bhe rsa@gi 9o dhenP ¢ SEBARNt i onal
pol i shing apparatus in which only a front surface of a wafer is polished,

but in ththeneefent invention, it is inportant to performpolishing in the
sequence of front side polishing, back_side polishing, 25 and front side
pol i sk ng t her ef Maeks héthmeughhplomoadhe dikermag he sranaierred ontg 2 nodigheded. I n
Fig. 11, reference nuneral 408 denotes a second conveyor arm. which conveys
a waf er pelifabedThis isHeecahse thatotheswiafey is fucitdy vagsumechuskeddnitha 11§61 i shing
section 404. Designated by 409 is a third conveyor arm which conveys a

waf er fi natateabimbddeé n referehceplanesd tlstti mgtrongtvagnunoghuekingdomerisxt

step. Fig. 12 is a schematic explanatory side view showi ng the first

pol I shi ngisedtilsly réQhirednwiithi shd repudethatesinfigarationy in theiviciaityasfdheand a
turn table 411 is provided on a top surface thereof. This turn table 411 is
rot at abl y tHrédwgthdlys appeay eass heditks( afibr shudishing. Th8ugn| dpgiviamgned of the12 i s

adhered on a 10 top surface of the turn table 411, and polishing is
per f opped SRR ¥ theoGéhlidl¥s 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

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




414 fromthe slurry supplying unit 413 onto this polishing cloth 412. A
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 polishing cloth
412 at an optional polishing pressure20 Further each polishing section may
conprise 15 a polishing apparatus based on a batch systemin which a
plurality of wafers are processed together, but it is preferable to use a
pol i shi ng apparatus having a single wafer polishing head 415 which
processes wafers sheet by sheet because a dianeter of a wafer ggéﬁgps

| arger and t hi sThypafors, 1pts praferablespasaurolisduiag apragatisharae , the
pol i shing head 415 may be based on 20 either a single shaft systemor a

mul ti pl e inhthbtsisgletsde (front siled sbtaularynolisbing step QT eimBIe PN . |t
shoul d be noted that the basic structure of the first polishing section 401
i S conmnAnbthddhels eco@MPoli whiargs Sedd ibyna 46ft, badking pedl ersHienbike @adi on 403,
and fourth polishing section 404 excluding the different points in the
concr et e (sflishell 4yieh Meeplity RebhABURGideatttlwatr A fatestoricopdidheldovin and

i ndi vi dual description of each of the polishing sections -32 402 to 404
i's omist t aghis I, RAkipsbiegbleRtet ZHShhRdisg.of tHY pblisisitigatothhie amAkkes syst em
as shown 1n Fig. 17 is used as a polishing head 415 of the first polishing
section 48hHANL: LD Brdekdf 0kd 96 tHAE A Galhbi Bbidig ol thanorlidar he
pol i shi ng hea (166 in Fig. 16) having a polishing nmechani sm based on the

vacuum ¢ | emas shown in Fig. 16 is used as a polishing head, and
t her eby ?@a@ggg?g&i\}acuum chucked onto a flat wafer holding plate (152 in

Fig. 6) for makijpg %9&8%@[&1 t%lgg'ﬂ"i‘fl{%rsefc!)ﬁaa LIRHihghiteld 1bhe thacdtosr f ace
thereof. The polls% ng hea inFg. 17 ased on the waxless system as
Secti on iy e el Mt ARGCrRAZKlALY BheATBM, e Fodtend Rk 00

section 4 h™po I'ng section 4 I's preferable to

bk O B OB R SRRL OO, gospiteo
2o o 00 Lnoeoh BB, OB PaeTERLSE TR MR Mt agspgic o

according to the present invention wll now be described. At first,. an
et ched waflescribedc GhoESedn 18 H@I‘IS?‘F%% e i%‘?ﬂeﬁ@ggﬁc?ﬁ DRTIRYLTY, SPR% i r st
conveyor arm 405, The first polishing.section 401 is provided with a
pol i shi ngphesentedsmnd gl gymirror W%BadéHr{aﬁ% igadestt ?E%’(rj}’\ as shown in
Fig. 17 as the polishing head 415, and 20 ho| ds back surface of a,wafer
for polishing a Bustcadé bef peted tél@rtfaaé@)ﬂglﬁ%tllo@b‘i’ﬁa%éﬁ R can e, $eEetRdr eon.
Then, the polishing head 415 is noved downward and perforns polishing under
opti oh@l pddd whithg secrmtlaryopelighing siep 7y lpbnn%lﬁaﬁlglgcﬂ‘rﬁchgn%%mo‘ﬂﬁﬁe
pol i shed wafer is turned upside down by the first inverting unit 25 406.
There i s weithpepilishing headatsing acetainer ringon thegliken dqvayess whee shgher
-33 inverting unit 406, but a wafer may be preferably turned upside down by
a robot amslighirges ldekeribdhabbny és perfowmedr awvefert havibgdrilecisrn@einsw f aced
upward is then

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.



conveyed to the second polishing section 402, and the front surface of the
S wafer is held by a polishing head simlar to the polishing head (166 in
Fig. 16) as shown in Fig. 16, thereby the wafer being forcibly Ilat, and
after that the polishing head is novedldown to polish the back surface of
the wafer under optional polishing conditions (the back surface polishing
conditions). The polished wafer is again turned upside down by the second
10 inverting unit 407 having the sane inverting function as the first
inverting unit 406. The wafer again turned upside down with the front
surface faced ufiwaedaiipwtheretisea teodengedhad thrempre sdogoremeval ®ect i on
403, and the back surface of the wafer is held by a polishing head as shown
in Fig. l1drgansbriflieanl dagd diat whlfer. Bhérefinegirerderits impreve tletwessangecondar y
polish the front surface of the wafer under optional polishing conditions

(the secandaiypsleky shianefaends plans . sthek rembhel sfitentanty spdhis bbthevaf er is
conveyed to the fourth polishing section 404 by the second conveyor arm

408, and J herhackldye daseably SRallhe wafer is held by a polishing head (246
in Fig.l7) as showm in Fig. 17, and after that the polishing head is noved

down o final pgiy ﬁﬂp%ﬁn&rﬁt&l@é‘(ﬁﬁé@ﬁh&falhagsﬁ\ﬁf ehie ytterwhptd amdbek
polishing conditions (the final polishing conditions). After the final

POl Shi NGyorh (6 1 WHLRE ohfiré ERUELASHACO of Ay absEGMANtarc] peImiineRhOGRES: Y t he
third convéyor arm 409. 25 Wth the process sequence as descri bed above,

the T ontiSW LiifadiNthat a Biik *ggﬂ?gcé%ﬂ‘ 58 wofek N8 NG eFaraferrpl insbesl to

t her eby obt & A-a Waf er- w at ness.

secondary polishing step and afterward, it is possible to manufacture a wafer
having improved flatness and nanotopology for the surface reference, and

10  especially a wafer having no change in irregularities of 0.02um 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

925 60 to 80)



The enbodi nent shown in Fig. 11 shows an exanple in which four polishing
apparatuses are integrally arranged to formthe polishing 5 apparatus
according to the present invention, but the polishing apparatus according
to the present invention can al so be 2»rned by arranging three polishing
apparatuses integrally. Fig. 13 is a schematic explanatory plan view
showi ng anot her enbodi nent 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

i nvent i oPdtiehig agent: doaeaitihg eokoidal yra (pH pdlitehillg appar at uses arr anged
successively a front side (single side) primary polishing section (a first
pol i shi n@wRtyingmatb024 t@6basakn si de (single side) polishing section (a
second 15 polishing section) 503, and a front side secondary fi nal

pol i shi ngst3&e treibvial hid ‘ﬂh@QJrHéf‘ioE‘%éﬁﬁCﬁoi 20\ S8t &M karfates dyd 90drd s a

| oader section conprising a first delivery stage 50la and a first conveyor

arm 506. ﬁggrgg%g%@%%é%ﬁ b béth sipfgaegier section conprising a fifth
a.

del i very "stage e first polishing section 502 conprises first and
second polishin t INE i LOR 9 ond and
t hi rdgconveyor gﬂrh%sg%s}% gg%ﬁr @gﬁgrcgi%lgc%n%gggﬁ \%éﬁug?(gggg%gg AI’?]%@I?I rst
and second,pal hshiing.s . e ' | ' ond
neads 50 7KPBEnER AR hRAGE MGt C iaGlecolt B BB arobly B 6CT

508b, respectively. 2 cpn ol4 Sshi ecty [ ird and
fourth st‘}éé%esspmii)a(stoﬁ%ﬁ&@ﬁ ghésjcegsok Ip’)gc?g%fc oogi %gﬂ%%gg%&gﬁgl @gg?{dﬁ] and
fifth cogge r arns 516, 517, a third delivery stage 518, and further a
first cl %%ﬁ@r nit 519. The fourth conveyor arm 516 functions as a first
inverting unit. The thir nd.fouyth _polishing st s 513, .514 are provided
with third and fﬂt}ﬁ WT%MH%@%{ H’eﬁ%s‘i%lig%?%élp@g% BYPAS TEREOY S t h

pol i shi ng. machi ne | oader 13b, 514b. The .t hird polishing secti.on.504
Eomprils esint apeRs dht SAEe(E) geme baphgeapfed i33he Peppheny Of FAe Wl (Won ng
stage 522, sixth and seventh conveyor arns 523, 524, a fourth delivery

st age 525@Séh@wnunﬂﬁ5r7éa econd cleaning unit 526. The sixth conveyor arm
523 functions as a second inverting unit. The 10 fifth and sixth stages
520, 521 are pr dMhetedthast wafarf {W)anel subieetedeseistiBodipckszide polshingth and
si xth polishing machine | oaders 520b, 521b, respectively. In the exanple
shown in Girgdudtion afengefenendevplape) i(Etg. Aidbst @hend (whely thie backtsidand

si xth polishing stages 520, 521 in the third polishing section 504, the
fifth pol pslshiggstepeasHd Polishess e férmholidingplate dor thecpolising pepashtusy, and
15 the sixth polishing stage 521 is used for final polishing. Wth the
const1aict tlgredessed keHanbhuking béatedi2atiada ofiSiC whivhbechses thbedafeAt
first, wafers to be polished are supplied fromthe | oader 501. The wafers
are conveygllify sulifacki 153t ared A apabe o MMIx0Gghholestls® for vatudal tiveskingt age
501a to the first positioning stage 509, where the wafers are positioned,

20 and t hgpwahehsl@ing SEMQRYE! dtthesehfelholdiggsiatnthZ vuerypesd aith 520 to
the first and second polishing | oaders 507b, 508b. Then, the wafers are

conveyed Eﬁoiy_h‘r’eslfﬂ%étﬁhg&'ﬁnaoiész Rethd pelisiing s3peeathPrE0 shtivg il Fagds1607a,
508a in the tirst polishing section (front side primary polishing section)

502 by the first SRGRA HALkY 08 WREHMP AR waldDho OBk IR0 t he

waf ers are held by 25 irst and second polishing heads 507a, 508a.

Afterg hat15g:[ fite \fz%crlﬁfm .%Hﬁckeid W 1R beRRlcb BRL Tt FRER :il‘(}%%{l%ﬁ‘i‘é§b§9§a1 508b

are returned to the original positions. The wafers he y the first and

second po'geﬁﬁd;cﬁg&q}aﬂg% g%& \ivgf&asﬂffcepr %?eid(@'éh%%' BheOktakdI S IRk 31 g

cl ot h and®po n the exanp shown 1n Fig. 13, in order to

i mprove t %t% Kufabd oF ag%%raf%r‘égecgpfeé@ doRPbRI IR RGeS atd BRLYed (19 ihi ekt and

second polTs g stages
periphery section of the wafer (W) increase by a factor of two (E X 2).

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

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




provi ded, and wafers are supplied to the polishing stages and poli shed
therein, respectively. The wafers polished therein are again conveyed to
out side of the polishing nachine by the first and second polishing machine
| oaders 507b, 508b, and are conveyed 4% the second delivery stage 512 by
the 10 second conveyor arm 510. Next, the front side primary 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 shoul d _be preferably based on. dipping type cl eaning
by the use of aTBemalishing corditpnsy Eanthig baci)fuiﬂgerﬁfﬂ%sglﬁlég SteRATB Y,

hydr ogen peroxi de and water), in which a wafer is processed in the sequence
of a rindimgedliegpeaially but $63 pplishing shauld he preferakjiirgriogmedundeisihey
liquid. After this cleaning, the wafers are turned upsi de down by the
fourth cdeNeyirg eordifibhe. first inverting unit) 516 and are conveyed to the
second 20 positioning stage 515 where the wafers are positioned. The

posi ti onerblivkieg doszate 20MvEHe0s/bm2(2@ té 60kPh) conveyor arm 516 to the third
and fourth polishing machine | oaders 513b, 514b. Then the wafers are
conveyed pylidhhige tivthd Aasskwbesr fabrotysh(argAskehCnkatdnede 0§ thd 8bdesdftb t o
under si des of t%e pol i shing heads 513a, 514a in the second polishing
section (dpgksgl de polishing section) 25 503, and the back surfaces of the
wafers are polished in the state where the -37 wafers are held by the

pol i shi nchl;l?frﬂﬁF%?g%ﬁtl Edtainin dolsidt aide(pEhein i Hi g. 13, two pol i shing
y

st ages, nane hird and fourth polishing stages 513, 514 are provided for

i mprovin Ef kG .and wafers are supplied to the respective

polishingS%@§g§%£§ﬂ§re5ﬁ gﬁﬁ% é?s are polished. The wafers 5 polished

therein Qnve Dyt ' r LSkl ' ders
SR BRNPR BT A Aok Bkl S asamgcie o

513b, 514 eo e po are conveyed by the
fourth, conveyor -arm 516 t.o { | i : ;g&%? i i de
pol i stred mafers:éﬁgﬁ%gﬁv%§gﬁhg§ﬁ$hég§gﬁ% (ﬁ%%%% ggﬁérnl f%mkgzﬁﬁgggicond

ol | shtbd vafers 2 aa Byt HE | K |
Condi t§ ontbtrtsnie p1ee SUhe ak AR o HipEASE T HpBRvah bxkh i (TP

cleaning. After the c¢leaning, the. ers are turned upside he
Sixth ConsegmaT iR PRRSHE SEDREAFRVE TP e U20e YRR art BiNe YA "o the
third positioning state 522 for positioning. The positioned.wafers .are
conveyed Wefemes %ﬁf R VaPYHIR CRcked; %ﬁtg’o‘é( ﬁl&ﬁﬁ?u‘%ﬁlﬂl 135 d%si xt h
conveyor arm 523. 15 After that, the wafers, are coqye ed. by the fifth and

si xt h™ pol relansesl, the waler ipaptte reppwp toghewrignaheonigration] 35 pHVER dRage
(front side secondary polishin _stagﬁ) 520 in the third Rﬁ%ﬁiﬂing ection
(frontbsi Eeg.s%@andéssq/amh@\gnmghg-i T, thel vasuay chaing apansAD)RRY 881 ¢ ont
surfaces of the wafers are secondary polished. The front side secqondary
pol i shed tedrsferrad eontonthey pdlibhed isurfacet h'The prdsi &%i%v%‘élllﬁnnéh‘{l‘éﬁéér 520b
to outside of the polishing nmachine, and are positioned gy the_sixth
conveyor anaeksa®)atppeheonly onlthoback swifage SBafahsxpafen ()t 2t altheugbnveyed
again by the sixth conveyor arm 523 to the sixth polishing rmachi ne | oader
521b. Nexthe tfhentwadxfase 4Ak of she eyafir (YW keimpravedpiol flabiers, vhe Hugéadeoader
521b to the final polishing stage (the sixth polishing 25 stage) 521 in the
third pol isgdfenthezest isomndOhgsdeaecdithparat eith that fulmatted to3thepprimaryd. The
final polished wafers are conveyed by the sixth polishing nmachi ne | oader
521b Do oyosisHthgdf the polishing machine and are conveyed by the sixth
conveyor arm523 to the fourth delivery stage 525. This final

The wafer (W) in the state described above is subjected to the

secondary (front side) polishing (Fig. 7 (¢) and (f)). Any type of polishing
apparatus and polishing method conventionally employed may be applied to
the secondary polishing without any special limitation, but there is

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




5 polished wafers are conveyed by the seventh conveyor arm 524 to the fifth
delivery stage 505a in the unl oader section 505, and finally are conveyed
to the next (cleaning) step. Exanples The present invention will be nore
specifically described with 10 refere#te to exanples thereof, but it is
neédl ess to say that these exanples are not construed to limt the scope of
the invention. (lnventive 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 nethod. The_ polishing process in the

i nvent i vénnidighdd wheraiara wedenig helsbx ibarbacking gad25) andrepebisfidce of a
doubl e side (simultaneous) polishing (front side primary polishing) step
(Fig. 7 (cAth, slightly barmdgretbsindéhasolsedhinrtdie(dsavknticdel priondarngplishiag (Fi gs.
7 (b), 7 (c), and 7 (d)), - a single side secondary 20 polishing (front

si de secae@iyupal.i shing) step (Figs. 7 (e), and 7 (f)), ~ a single side
final polishing (front side tertiary polishing) step (Fig. 7 (g)). (1)

Doubl e side (si Mhet poigshiay @ridiEoYs dbr $hissecosidepy TiwnAGideD@olishibe by
Peter Wlters AG was used as a doubl e side polishing apparatus. The

pol i sBi ngsrepnglid IRASIINEEE] aspeaatlyi Bad #Rl pulisRmgPahoal e IppatbraBROg/ cn
(30kPa) -39 Polishing cloth: SUBA 600 (a trade nane of Rodel Nitta
Conpany) (&% AkEinfeHIRIRWIAL cbRYitions.
Polishing load: 100 to 300g/cm? (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 pm, preferably 2pm 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 fhe 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 300pum 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 nonwoven type polishing cloth or a suede type polishing cloth is

mainly used.

25 The nonwoven type polishing cloth is generally made of polyester



Pol i shing agent: HP-20 (a trade name of Fujim Incorporated) (pH = 10.5)

Supplying rate: 5L/mn 5 Stock renoval : polished with 8pm for one surface
(1egmfor two surfaces). (2) Single side (back side) polishing step
FSP-200 (made by Fuji koshi Machinery %Fp.) was used as a polishing
apparatus. The polishing conditions were as described bel ow. A wafer
hol di ng plate made of SiC ceram cs having high flatness and coated 10 with
epoxy resin was used. Polishing |oad: Polishing cloth: Asker C hardne,

The

Pol i shing agent: 15 (pH = 10.5) Supplying rate: Stock renoval : 300g/cn?
(30kPa) SekAiBogsgue gaadénda%)swcgag@illm%r?%af@én% polyasethage, AJ- 1325
(a trade name of N ssan Chem cal Industries, Ltd. )mlou m n. polished with
Spm (3) Isismiresity dedqquadntelastinily, sadormrsatones isaibigh pelishing 14p22600 (made
by Fujikoshi Machinery Corp.) was used as a 20 polishing apparatus, and the
pol i shi ndflatmeds,tthensbynwbeimgacahdde of beakibel tbw,. steclurempuaklarganwpiah as used

as a backing pad for holding a wafer. Polishing |oad: 200g/cn2 (20kPa)
Pol i shi ngugzldahhinlPlinphd prambarade secmdavy pBideingNitep @rCdheesny) (an Asker C

hardness of 80) 25 Polishing agent:

SSS (a trade nanme of Ni ssan Chem cal

I ndusgries, LtdDhe(qildde type polibBirdy clotipipd gemerallyt @mydsetl/afianbaiecuddyr emoval :

about lam (4) Final polishing step 5 The FSP-200 (nade by Fuji koshi

Machi ner ymGaE RE polRSte#FEH iﬁigjragﬁgﬁeid&hithgnoaﬁn@lthiﬂs,,a foachddiaypofiraiddg
e

conditions were as describ

bel ow. Polishing |oad: 150 g/cnR2 (15 kPa)

Pol i shi ng it Bolyusethdii aﬁad@e_&mge peiti6d pedvidbdcm tine fornRal sterrgy agent :

Fujim 3900 (a trade nane of

10

15

20

25

uj im | ncorporated)
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
foamed layer being reacted between a work and an internal surface of the
foamed layer to let the polishing 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
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 secondary polishing step may be provided
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 especially a_nd the final polishing step should be preferably performed

under the following conditions.



10 Supplying rate: 500mL/mn Stock renoval: O0.1mor |ess. Evaluation for

fl atness 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 map show ng
fl atness of the polished wafer. This'%@b was obt ai ned by 15 neasuring with
a fhickness neasurenent apparatus having a capacitive sensor (7900E +
Station made by ADE Corp.). The flatness (SFfl Rmax) of this wafer was
0.071m which was very excellent. Fig. 5 shows a cross-sectional shape of

t he periphery. of the water. Wth e s{on of 2mm and a position of
2nn1fromﬂéiﬁ%%gi%ﬁkra}m%Hb@&%dmpgqgﬁSQégggaihe reference (zero) therein.
The polished wafer had excellent quality that the peripheral sags were

i mpr oved Bodighang eloth’ i siadedyPen poi nt was observed. Further the |

nanot opol ogy was eval uated as shown in _Fig. 6. This evaluation is based on
such a mituimhingagent werndrining calloidad dilica (QI'derOaﬂoills 25 of areas (areas
each 2mm square), irregularities of each square were -41 confirnmed, what
per cent Gupdigingafade: t 06 tardamihavi ng a value for the irregularities (a PV
val ue) occupy (occupancy rate) was checked, and the checked PV val ues were
accungl atStdck remosatjueActocd rdmovalaoflCat geronlabsits ¢emoughsnal | er one. The
nanot opol ogy was evaluated with WS CR83- SQM nade by 5 ADE Corp. According
to the graph shawithe vidfer idsch hasibeehpodished ehfouglptle dolidHingatem ad t h t he
PV value of 18 Ownmis alnost zero, and this indicates that irregularities

| arger t hapwidhign Pig Valadeo @i N, tHeps ané féw inAseicd psies aadahe pikeagy
observed on the basis of the 2mm square area. 10 To be nore precise, in

eval uat i ofheQfurRARALRPANOMA t1R sd dsl28 Uhifrbidd;Rewafr with MbBh giuthbes @acupancy
rate becones zero % (an area indicating the |largest PV value) is

| mpor tanty,e H’bhﬁd}ia?thtﬁ'éé.@o?isgar coRdigRRk iR \ba¥R!d€p adold deBPibaNthadyhs snal |

val ue shows that e waf er ace includes very fewirregularities (a

f i : t t i ; 1) A
ﬁ ¢ g:l@?%@?p?ga\é%ﬁ’g td@f&%ggh?ﬁ FROLABY Qethblel BohRIRAR ﬁ&do‘f&u%(%m)i e 1)

anple 1 was subjected to the polishing

process s i.N.El 8 at is, the process conprising a double side
(front si‘g)gl\ﬂérdlr%%lrogf%f&o P ing step (Fig. 8 (a) ~ the peripheral sags (E)

20 pol i sni ng ot o7 (i repembpRiuRhEof shit I8 EAPL Mool Sty Shitfe® a7 OTIETY)
waf er beca_lrre%e 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
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 Wafér 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).



|l arge with the flatness being not very much inproved, (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
thg peri phery of a wafer is not very &dch inproved). The polishing process
was perfornmed 25 under the sanme conditions as those enployed in Exanple 1
excl udi ng the -42 single side (back side) polishing. After the double
side polishing (Fig. 8 (a)) was finished (in the stage of primary
polishing), the flatness (SFCaRmax) of the wafer was about 0.126gm The

fl atness was keptheupeligrigacster $970f de serondemhadimens asordimenty W
finished, and the wafer configuration was little corrected in the secondary
pol i shi ngnsertive Reethed, pechpwarnalFigals (meremprisghelfyonferide stingls sidehe
secondary polishing step. A configuration of a wafer having been subjected
to the popimhirpgpdistpingastedede?d badedbmyehesfrehbwendd meférgnee polisbing has
known therefromthe 10 fact that contour lines are crowded in the periphery
of the wafjetemphibelkisid Gangle sidwtpolishing atep 30UFs ai frontheide (mwgkdside) t i on.
There is known also fromFig. 5 the fact that the wafer configuration

shar plsy chapag@sry polithiclenesp 307ci hadpefidpiesife (singld bilepdinafl podishabput 6mm
fromthe wafer edge. In short, it is a problemw th the above descri bed

pol i shi nggfbpao7aheThé Bop@sidd GeRglei Adé)Yprimarhgolishinestepi 30T eagel érpher y)

of the wafer cannot be inproved. The nanotopology is showmn in Fig. 6, and

as shown yin KRGt %'icf’é’?ei@i‘er%”ﬁ’@ﬁs"}ﬁhg‘%y@%@aﬂs anﬁnin rfggWnarhdsedheh ght for

the occupancy rate of 0% i1s 1n therange from30 to 40nm which indicates

that rel afe/el¥ahi@d dEmldIEEOM Abhd h@gﬁg;@&ggfmh 8P thBGyNBEEY sFuchace

(wafer surface W po nanot op _ nparative Exanple” 2) A wafer
St e R TR, hRe HQu PRl T REeress,
pri T ) Bc?lllé}%glgn%fs%ér%e (Ejh%t ig, gta}s~ap§5ﬁsqﬂﬁéa§ys§&gsir£ Phi®h 4 Reafer is
| polished in a manner that the wafer is not forcibly held by means of vacuum
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 307b, 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



25 wafer are large), -~ single side (front side secondary) polishing step
(Frg. 9 (b)~ -43 the state where the wafer is vacuum chucked (before
polishing), Fig. 9 (c)~ the state where the wafer is vacuum chucked after
polishing, Fig. 9 (d) ~ the state aft28-the wafer is released fromthe
vacuum chucked state (the flatness of the wafer is inproved, but vacuum
chucking marks (D) or inflection points (M 5 nay 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

st at e whelescriptiondherepiisomdtteds mai ntained), Fig. 9 (f)), - a single side
final (front side quaternary) polishing step (Fig. 9 (g)~ .the wafer has the
i nflection poi nChafniges on avennfiguratiooldfrigwaterdin ¢ash ofithepolishong stans ace 10
thereof, and the flatness and nanot opol ogy of the front side reference are
det eri or ainethe. seeond eirdfodient if shE&inpartatd peocExaapd almpst sirdlat ©f thehe back
side polishing step in Inventive Exanple 1, a front surface of the wafer
was pol i shdrip@ant dfeligamesivaviditthefirsaenibieibenk ofitHe presdrthinngntbep in

I nventive Exanple 1, a reference plane was produced on a surface (front
surfage) AJifenintpoint of thBabedrd dmbedinhere frxmnihledirst edbodimentcididens wer e
the sanme as in Inventive Exanple 1. The flatness of the wafer was inproved

to about @ dhlQwzihic? dffrthe}folish@Beep 30Ma B d oWtlRvROBNSideasforohce
sufficient. Wien inspected with a nmagic mrror, there were sone cases where

mar ks of %&%mﬁg%ﬁﬁm'&% WerfR QhsewiRge WRetonPohifhbedhsiuof aGens and
t opol o

further the nan gy (irregularity height for occupancy rate of 0% was

about - 25njjea/y GRIHLOUREICE e hEh YA SlrfelBRheHES ASaRI\ieHed bulifdbe. 4.

t .
There was sonet1mes observed the water configuration Iike an inflection

oI VaSLERaSEYedosl (3oPephsRiEUh BITRLESRLV PR Rheke (7RGl bt co! oo

shown in er Wor ds, at ness was' i nproved,

i mpr avenent..qf. -44..t he nanot opo| not. ficient. f t he
{15t nibs peihingyas Kol csERDS S prect iR b S simria Fo s
Conparative Exam%lée il(ﬁi]re shown in Table 1. SFQR fox each cell within the
waf er sur PRRENIR 3804 in al| of Inventive Exanple 1 and 5 Conparative

Exanpl es 1 and (the yal ue i.n Inventive Ex |l e is.ajittle, better), but
conparing the ﬁﬁi%%%éﬁrﬂl&o‘il%ﬁ’g&ﬂ}%b‘“{?ﬁ% F}?%bﬂééﬁt‘ie@glﬁ%%ﬁﬁoew 1is
clearly better. The eval yation was erforged for cells %a&h h vip% a size
of 25mMm xf%ﬁ’*ﬁq o8N thes @ée)n_t 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 8um.

25 Then this wafer is subjected to the back side polishing. That 1s, a



Al so variations (d) anong the cells were inproved, which indicates 10 that
a wafer not having inflection points or the like is manufactured. In cases
of 3mm excl usi on and 2mm excl usi on, the val ues of the Conparative Exanpl es
deteriorate largely as conpared to th28e of the Inventive Exanple. This
shows in the Conparative Exanples that the closer to the periphery, the

| arger the sags. 15 Table 1 SF R (3mm excl usi on) SF R (2mm

excl usi on) Aver ageM xAver ageMaxval uedaval uedl nventi vep. 0370

0100. 0710. 0390. 0120. 092Exam | e 1. Conpar ati vep, 044024

00. 1310. 0#gere080@lassix armotiacad comsapendingptaFrgs. 7 (b), 7 (o), and 7 (d).

0130. 1100. 0430. 0230. 118Exam le 2. In Table |, 3nm exclusion neans that a
portion UWhen tRemprimany anlichiye stepasvaf @nst@acevaﬁexlep@pbbh}eimglba@d@@ﬁ i s not
eval uated when the wafer flatness is evaluated, and the above val ue was
obt ai ned fhy ewidlued sygeit)eharsags inrtherpefripdrary vd thbovsfepeshbwanin Figéwi se,
2mm excl usi on neans that the 20 portion up to 2Zmmfromthe edge of the

vaf er (thg)wsd tie paniashiee shgeegehe fiont sudfacaGiolishat watrfide) And thesags hods
enpl oyed in the Conparative Exanpl es, SFQRrax values were at best in the

range sf r ogp Phd Badlos@rfaeetahed &ﬂﬁe@x val ues were inproved only up to 0.3m
which are not shown herein) but by adding 5 the back side polishing as in

the Inventive Exgiphglishing SoR@Ednk! © t&éﬁbﬁ@}ky FRPIIAGINE St¥RfAr shani t h
SF(aRmax of O. 10umg 1Fesnsgl a%d t he SBrRrrax of OSIqu%)B;l elg% %ﬁrlt her wafers

havi ng ex%%%&% H&'a“&teﬁ%kﬂgervn%ﬁt 8 useg Lffo%%ﬁ?cé&'e fl‘?’ﬁﬁ{s t}Y@

Exanpl e 2 wafer sim to t I nvent i ve
pol i shed B5lishing should be preferably performed under the following condltlons.

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 10pm, 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



in Inventive Exanple 1 excluding the point that polishing based on the

wax| ess systemusing a tenplate was perforned in place of the double side
(front side primary) polishing. To be nore precise, the wafer was subjected
to a polishing process conprising a T3Qnt 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 Exanple 2, a polishing.apparatus .capabl e of successively
per f or mi GFPIGRATOTYS PAEN (VAeW %@\@paeﬁn 6mb9%1?eg‘glq?§ﬁ‘1erﬁvgﬁgw¥8 QREF Ehe front
side reference polishing sy,ster}] back side polishing, fraont sid econdary
pol i shi ngolighing iapaRraals skited @hspeﬁi%"mmﬁbﬁte speaRydk prodiment, esf\faas used
a polishing apparatus, in which three polishing machines (three polishing
sect i ons)inwenthewnetodrily. whicharfeunrindagendent: dghahing @PPRratHSepoRtSshi ng
stages being provided in each polishing section. 25 In each cleaning unit,
t her e wasnesgratlyedrangddani ng systemin -46 which using a dipping type
cleaning with a SCL liquid (a cleaning liquid m xture of anmoni a, hydrogen
per oxbde and wafar Fig.allahepolwsngr appadition 40(k sceopdeng etoothe resémisi ng
liquid, SC1L liquid, rinsing liquid, and rinsing liquid. 5 Polishing

condi t i origventieacnpatiseshfong differdrantypes|ofveniishieg Bpaeapitmses werangesl t hose
in Inventive Exanple 1 in terns of the polishing |oad, polishing cloth,

pol i shi ng\agesivel§URPIUNgsidet Givglet Sidepgrimbingpdiphig seotiont Gclfirsenoval ,
excluding the polishing conditions of the front side (single side) primary

pol i shi ngp(ﬂisﬁﬁng%‘é@ﬁoﬂ)‘ 4bhea TRt sidb dsinpdd eid)glishing bedtiorl Ca sgedrain and
Bum of the stock renmoval in the back side polishing. The front side (single

si de) pr igalio % iﬁg'skét%xﬂ%d%%@fgomiaeesmngid@j SRoh8ASBF SHlGshiAgIskatibm(a Syst em

is waxl es hi ng based on the tenplate systemin which a urethane foam
pad ' 0oL 0L i ; T, a3 Mg heeandi ti ons
hore 5 REE ADIAATY SLRRPd0p D loy SO0 S et e el BT g
cloth: SUBA.,6 ( . . Ni tta Conpany) (an Asker C hardness
of 78) Pofeicg}??lnoﬁ? %b%ér’]bta&gall—#ﬁgg S?Eatlﬁ‘rag e4'name of Fujim Incorporated) (pH =
10. 5) Suppl i ngr@aggq:.i L{rﬁ%e@s%%e xslhlggé%ai 408Y ﬁoté%é&ﬁé@%%@g%‘f{ﬁpﬂﬂl%i ng

apparatus and t dirtions as descri above, e wafer was
ol e e e B, £ U L S N, it a1 1o
oo i ReLh Bl DB RCEAREREY. LS ¥ it SR S o1
0 14u{% V\Q}Ixe(z: ?irgtva Sol?s!hsigg%)égt%rll 285 an ﬁlaebsielciortlx p%{isﬁf(rpgl soeicE%tni 40, iwnhelrréggSt ry:
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 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 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 polishing, back side polishing,

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



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 nost
difficult problemin the polishing techniques, and to manufacture a wafer
with excellent flatness including the3bortion of 2mmor less fromthe waf er
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 excel |l ent
10 nﬁrotop?:ogy especgally required in recent years, that is, a wafer with
excel | ent atness and nanot opol ogy. -48 CLAIMS 1. A wafer manufacturin
net hod caegrirsdndnt Fig. éﬂepefarfnw xggmegal@&xlfﬁnotesa gacond COBVGTI &M ng bacg
side polishing of the wafer to produce a reference 5 plane thereof in a

pol i shi ngvhichcessvefysra meddengdishiedrior theithirdepolishing seetion. 493 tphgenaf er
manuf acturing nethod according to claim1, wherein a nultistage polishing
process ifourtti pblishingf esction oL shesighateduby i4fl9%is athend iceneensiroyuwd, as t he
polishing process, and the back side polishing is performed after a primary
pol i shi ngwhidhcdnReyde wafbt finhbpeligtndd imhihedoprthoes shin s@etiokh404vaf ghre

manuf acturing method according to claim2, wherein the -~t.~-tt.~ wafer is
pol i siyed hakitdtepsequence of doubl e side (simultaneous) polishing, |C~tcs~
~r ~ back side\(single side) polishing, front side (single side) secondary
polishing, ~ "~'pig 125i€2REhEMAMC Exslanhtdrpobidesiitey dhomdhgptte $irsng. 4.
The waf er nanufac?urlng met hod according to claim2, wherein the 15 wafer

525 G I okl el llsan v o s s ek < 1
Fg: IrlgS:]Ir]Ieng?a el§ QE& ﬁs;)%g%é?ds ﬁ?%g@'ﬂ?ﬁé fRORGAr YhROWraaB® 4 BN 1ot SRblp! de
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 easy to handle. Here, the polishing head 415 may 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



5. The manufacturing nethod according to any one of clains 1 to 4, 20
wherein in the back side polishing the wafer is polished with being held by
a wafer hol ding plate which has a hard wafer holding portion and a hol di ng
face of a high flatness |evel. 6. THe4waf er manuf act ur i ng met hod accordi ng
to any one of clains 3 to 5 wherein in the front side secondary polishing
the wafer which is held by a 25 backing pad is polished using a polishing
cloth with an Asker C hardness of -49 70 to 90. 7. A polishing apparatus
conpri si n%: a first polishing section for performng primary polishing of a
front sudP3de 49¢ ig omittad-based on a front side reference pol i shing system a
first inverting unit for turni né; the wafer 5 palished in the first

pol i shing sect i She podisHinglband 424% toHde.pbi)i kasedPrstha Warless SYBWM $8i ng a
back surface of the wafer in the state where the wafer polished in the
first polshewnng Ercill7ds vssd wacupehidting heddohiboofabiel st natehingosegtng pl at e
to make forcibly the wafer flat a second inverting unit for turning the

waf er poldoghg@wrint Fig. d€c dndthpalecsind pgliskiotg seatiopsiode thiopelishingihea
polishing 10 section for perform ng secondary polishing of the front
surfage qfiet e Figfm) hases apolishingnaetessissybast anthevdowm chpokinghi ng
section for performng final polishing of the front surface of the wafer

based on e, MaxlBsFrSHSFRN 68s udedat hpolislirgphedd sl theethida ngfat id east
t hree pol i'shing sections, which conprises: a first polishing section for

pol i shi ng, a4, {hPRhyuskdd 86Eo Af fidt Farnaheldidi e (Ms2ciFig f)cki ngakidmck
surface of the wafer a first inverting unit for turning the wafer polished

in the figst S ] Rirdet oMl 6N thdrebi. SThe@obiehingn for
pol i shi ngifo %ggg%&g%%%@agﬁtoﬁg waf er in t%e state where the wafer

et oS € ol rer | . , R
pol i she p]i,%}% 61hr%. @‘?ﬂ b&%d{}ﬂ% fh Iés's%Yyﬁﬁyﬂgbﬁwﬁ&ﬁdﬁ‘1gﬂlwxsﬁlu§é@ waf er

hol di ng 0 na or Cli wafer fTat a 20 second Inverting unit
for twyrning the.wafer i.sh R ; S i ect i iile down
R A R R T R R S R G R S

wi t hout vacuuym chucki ng e hack [ f . sepsae. 9. A
waf er with° éﬁ%lpga%eFﬁfme‘l%'r r@r 1Sp81$%lf%{1ag’ggst§r?%ﬁg§{ (giséllurl]g g’ﬁlé %ﬁg?fﬁ*oggr face
of the wafer, has a, configurat.i.on that,,an SF i . Jm.or |_es 5 and
there is P I‘b‘tqqroﬁﬁ%o?c?ﬂa‘{li“ﬂnﬁ eahine sgrgéugﬁ%%%@f k@#ﬂﬁlpﬁg 6‘§r ?}6 eral
-~0 edge of_the wafer. 1 The er acgordin o.cl ai m9,. wherei.n front
surface opolislEngprageeds. %;SPPB’@@% (?Oglsﬁ}r{ﬁ’é]l ‘%‘{l} gep ﬁh%@%r (g{%?(g ar eas,
a PV value of each of the areas is gval H%hgagiﬁ and t he maxi nrum PV val ue

anong t heupdey thepelighingsopditionmas, agscy Vfs 20nmor less. 11. The

waf er according to claim9, wherein a front surface (?ﬂe the wafer i.s divided
into 5 pluralityTes coerakionnsf $haapelislyingsappanalug A aseording t?‘ﬁe ar eas
i s evaluated, and the maxi mum PV val ue anmong the PV val ues for all

eval uat ed paeseat inventdrmwall nosske dasgribed. 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

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

95 406. There is no specific limitation on the inverting function of the wafer
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10 ; <=>}"58d7'tBYE tHOpolishing 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
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The embodiment shown in Fig. 11 shows an example in which four

polishing apparatuses are integrally arranged to form the polishing
5 apparatus according to the present invention, but the polishing apparatus
according to the present invention can also be formed by arranging three
polishing apparatuses integrally. Fig. 13 is a schematic explanatory plan
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 seéondary 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 B506.
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
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517, a third delivery stage 518, and further a first cleaning unit 519. The
fourth conveyor arm 516 functions as a first inverting unit. The third and
fourth polishing stages 5183, 514 are provided with third and fourth polishing
5 heads 513a, 514a and third and fourth polishing machine loaders 513b, 514b.
The third polishing section 504 comprises fifth and sixth polishing
stages 520, 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 sixth heads 520a,
521a, and fifth and sixth polishing machine loaders 520b, 521b, respectively.
In the example shown in Fig. 13, 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 positioned,
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 primary 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
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provided, and wafers are supplied to the polishing stages and polished
therein, respectively. The wafers polished therein are again conveyed to
outside of the polishing machine by the first and second polishing machine
loaders 507b, 508b, and are conveyed 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 513b, 514b to undersides of the polishing

heads 513a, 514a in the second polishing section (back side polishing section)

25 503, and the back surfaces of the wafers are polished in the state where the
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wafers are held by the polishing heads 513a, 514a. In the example shown in

Fig. 13, two polishing stages, namely third and fourth polishing stages 513,

514 are provided for improving the work efficiency, and wafers are supplied

to the respective polishing stages where the wafers are polished. The wafers

5 polished therein are conveyed by the third and fourth polishing machine

loaders 513b, 514b to outside of the polishing machines and are conveyed by

the fourth conveyor arm 516 to the third delivery stage 518. This back side

polished 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 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 conveyed 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 secondary 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
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polished.

The final polished wafers are conveyed by the sixth polishing
machine loader 521b to outside of the polishing machine and are conveyed by
the sixth conveyor arm 523 to the fourth delivery stage 525. This final
polished wafers are conveyed by the seventh conveyor arm 524 to the fifth
delivery stage 505a in the unloader section 505, and finally are conveyed to
the next (cleaning) step.

Examples

The present invention will be more specifically described with
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
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 (2)), — a single side polishing (back
side polishing) step (Figs. 7 (b), 7 (¢), and 7 (d)), — a single side secondary
polishing (front side secondary polishing) step (Figs. 7 (e), and 7 (f)), — a
single side final polishing (front side tertiary polishing) step (Fig. 7 (g)).

(1) Double side (simultaneous) primary 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.

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

7S109%&' ()-5 10%& ()- 3TL0%& ()-1Z10%& () -| ggggg&hohdEYNC! !
109 ()-F S10%8§)- F109%& ()-10%& () - ohhhi Eiii dEYNC! !

'l
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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

5 Stock removal: polished with 8um for one surface (16pm for two surfaces).

(2) Single side (back side) polishing step

The FSP-200 (made by Fujikoshi Machinery Corp.) was used as a
polishing apparatus. 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 Spm.
(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/cm? (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
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upplymg rate: 10 L/min

Stock removal: about lpm.
(4) Final polishing step
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/em? (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: 0.1pm or less.
Evaluation for flatness and nanotopology of the wafer having been
subjected to the polishing steps described above was carried out. Fig. 21is a
map showing flatness of the polished wafer. This map was obtained by
15 measuring with a thickness measurement apparatus having a capacitive
sensor (7T900E + Station made by ADE Corp.). The flatness (SFQRmax) of
this wafer was 0.071pm, 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
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checked PV values were accumulated in a sequence of from a larger value to a
smaller one. The nanotopology was evaluated with WIS CR83-SQM made by
5 ADE Corp.

| According to the graph showing the results in Inventive Example 1,
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 peripherai sags (E) of
the wafer are large), — a single side secondary (front side secondary)

20 polishing step (Fig. 8 (¢) and 8 (f); 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
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0.126um. The flatness was kept unchanged also after the secondary

5 polishing was finished, and the wafer configuration was little corrected in the
secondary polishing step. Rather peripheral sags were slightly generated in
the secondary polishing step.

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, which
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

95 wafer are large), — single side (front side secondary) polishing step (Fig. 9 (b);
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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 was
observed at a point about 6mm from the peripheral edge thereof as shown in

25 Fig. 5. In other words, although the flatness was improved, improvement of
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Example 1, and Comparative Example 2 are shown in Table 1. SFQR for

each cell within the wafer surface is 0.04pm in all of Inventive Example 1 and

5 Comparative Examples 1 and 2 (the value in Inventive Example 11is a little

better), but comparing the maximum value thereof, the value in Inventive

Example 1 is clearly better. The evaluation was performed for cells each
having a size of 25mm X 25mm (25mm square).

Also variations (0) among the cells were improved, which indicates

10 that a wafer not having inflection points or the like is manufactured. In cases

of 3mm 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 Table 1
SFQR (3mm exclusion) | SFQR (2mm exclusion)
Average Average
value Y Max value o Max
Inventive 0.037 | 0.010 | 0.071 | 0.039 | 0.012 | 0.092
Example 1
Comparative | 44 | 0,024 | 0.131 | 0.048 | 0.030 | 0.155
Example 1
Comparative | 597 | 9013 | 0.110 | 0.043 | 0.023 | 0.118
Example 2

In Table 1, 3mm 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
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were improved only up to 0.3pum, 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 0.10pm or less and the SBIRmax of
0.3um 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) primary 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
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e aantrorof o by hagen peronide Tnd waterh & dlr wag thdattd in
the sequence of the rinsing liquid, SC1 liquid, rinsing liquid, and rinsing
Liquid.

5 Polishing conditions in each polishing section in Inventive Example
9 were as those in Inventive 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 8pum 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/cm? (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 conditions 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

95 the evaluation of nanotopology was 20nm, which was very excellent. The
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Capability of Exploitation in Industry:
As described above, according to the present invention, it is possible
5 to perform control of sags in the periphery of the wafer that is the most
difficult problem in the polishing techniques, and to manufacture a wafer
with excellent flatness including the portion of 2mm or less from the wafer
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.
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1. A wafer manufacturing method comprising the step of: 8~ "5\15"» Qre neere
performing back side polishing of the wafer to produce a referenq(\zeQPS
5 plane thereof in a polishing process for making a mirror surface of the wafer.
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.

_F
10 3. The wafer manufacturing method according to claim 2, wherein the J\;L;:‘u ©
wafer is polished in the sequence of double side (simultaneous) polishing, wt i“‘_”"ﬁf
[Tl (X< BRTRN
back side (single side) polishing, front side (single side) secondary polishing, i‘jp?? ’
See

and front side (single side) final polishing.

4. The wafer manufacturing method according to claim 2, wherein the
15  wafer is polished in the sequence of front side (single side) primary polishing

based on a front side reference polishing system, 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,
20 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

25 backing pad is polished using a polishing cloth with an Asker C hardness of
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which comprises: a first polishing section for polishing a front surface of a
15  wafer without vacuum 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 wafer polished in the first polishing section is vacuum
chucked onto a flat wafer holding plate to make forcibly the wafer flat; a
20 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. . De S; der oZkQ_
9. A wafer with at least one mirror polished surface, wherein one main o, (0 1
surface of the wafer has a configuration that an SFQRmax is 0.10um or less

25 and there is no inflection point in a center side of 2mm from the peripheral
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.50.

edge of the wafer.

10. The wafer according to claim 9, wherein 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.

11. The wafer according to claim 9, wherein 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 18nm or less.



