DESCRI PTI ON SEM CONDUCTOR WAFER AND METHOD FOR MANUFACTURI NG SAME TECHNI CAL

FI ELD [ 0001] The present invention relates to a sem conductor wafer
that nmeets a plurality of flatness paraneters and a nmanufacturing nethod
t her eof . BACKGROUND ART [ 0002] In recent years, wth advancenent of

m niaturization, a wafer shape that even an outer peripheral portion of a
sem conductor wafer is flat has been demanded, and new i ndexes such as ROA
(Rol | Of Amount, which is al so PEPERIET A as an edge roll off ampunt)

t hat evaluates flatness of a sem conductor wafer outer peripheral portion,
ESFQR (Edge Site Frontsurfacereferenced | east sQuares/ Range), ZDD (Z-Hei ght
Doubl e Di f f SEMTIJOAIDUAITIOR [ENF BRy 2NDa tMEST HeD D reaiRy MANY FATWRTINGe , S2M¥d ot her s
have been used in addition to GBIR (d obal Backsurface-referenced | deal

pl ane/ Range), SFQR (Site Frontsurface-referenced | east sQuares/ Range), SBIR
(Site Backsgonfacgir efrenence | deal plane/ Range), and others that are

- conventional flatness evaluation indexes. [0003] A renoval stock of

t he pol i sh@80&&ni conduct or wafer outer peripheral portion increases due to
contact with a i shi a .Qut i Y~ S a shape
after polishi ngﬂ&)%s%g{eggng V%?qé%éq?ell%et(r:éaﬁoztﬁ aa% e%&\t}\nﬂtgﬁH%ggﬁgft data from
a sem condattor thatemeeutsera parigpheirtay @hdfiatnepoi parahatteirs bmin apart
therefron% andb\gFg or, SBIR is a%cul ated with use of data fromthe

seni condutt BFHaf&r "GdtEr “Eé:rl'i%ﬁe DFCeN to a point that is 2 mm apart
therefrom Therefore, ROA or ESFQR is highly affected by the outer

peri pheral sag as conpared with SFQR or SBIR Further, a thickness of the
seni conduBReRGCREPHEP §Rdatly varies in a region fromthe wafer outer
peripheratoﬁ@g to a point that is 0.5to 1 mmfromthis end and, if an
outer perip erelal excl uded region of ROA or ESFQR is further reduced froml
mMmin the futurley RGOt SEQRsW Mithe atoraendengdrlly @f f ected by the outer
peri pheral ,sag, A.flatness index defined i‘}[ll Ehe SEM standard will now be
i vi duahi ) AE8EEFBEd CRler & Hattdr 1 U004That Ve GaPROiE oF

backsur f aserigherenced rgliokalo f | atfasscond@escoandaitbri s susadd ataeval uation
of flatness concerni n%dan entire wafer surface defined except a peripheral

edge porthom @BRRNASIdernfed s dfath 91Ch a8vRaRi dRBet Widén maxi num and
L L SkpesseRsch 3l Sl phos ST oniuctar g gl alive to s
det er m nezinagny) r eherercva lswtfeaceflatness of a semiconductor wafer

outer peripheral portion, ESFQR (Edge Site Frontsurface-

referenced least sQuares/Range), ZDD (Z-Height Double

Differentiation) that evaluates a change in curvature,

and others have been used in addition to GBIR (Global

Backsurface-referenced Ideal plane/Range), SFQR (Site

Frontsurface-referenced least sQuares/Range), SBIR (Site

Backsurface-reference Ideal plane/Range), and others

that are conventional flatness evaluation indexes.

[0003]

A removal stock of the polished semiconductor

wafer outer peripheral portion increases due to contact

with a polishing pad, and outer periphery sag occurs as

a shape after polishing. Usually, ROA or ESFQR is

calculated with use of data from a semiconductor wafer

outer peripheral end to a point that is 1 mm apart



[ 0005] SFQR is a frontsurface-referenced site flatness index, and it
is evaluated in accordance with each site. SFQR is defined as a range of
positive and negative deviations froma reference surface when a cel

having an arbitrary dinension (e.g., 26 nmx8 m) is determ ned on a front
side of a sem conductor wafer and a surface obtained by the nethod of |east
square inﬁbggard to this cell surface is determ ned as the reference

sur f ace. REFOTy PR FHR SPORMBKR r &pr 83&AES a4 AaYiimUAR W of SFQR in
each siteqaRaa rRbadetey Mded-Wadttor [ 9908} oyt R
backsurface-?efepenced site flatness index. %%I%rigégl?ﬁf%fﬁéggu%eviation
in a cell thavi rglaf afkit riar y2 dimemsaon teegefr28.mRh8raMpren &ROA

sem conduct.o er. rel.ative to.a referen surface when a back side of the
senicondug o%sﬁg%e%sigﬁﬂﬁ%ﬁrﬁ#ﬁﬁf%%dab¥e£§?eﬂg SLUPPLLE STt S8 Rax

r epr esent ssacoapbrem walde SHOBB R snreachrsitiee r SFER-AREKSBLR el ate to
eval uation of flatness of a specific cell on a wafer surface, and this

eval uat i oh'PsSEBLCORREE AT Waapettea bl ¥eFLeRading aediimensim t hat

appr oxi mat gby,SQLLesReRds 40 ; | pn sgm u to be
fabri cat ed. [ 5007] RSB £ 0n B ROA i PP R B “deecr bod %  h
referenceltomFEGom18hiAn ealsbcirssa ih & Gulidrrpprépbrtrala dxengtded rom an

outer perjipheral en f a i conductor wafer, and an ordinate in the sane
represent%g laPSSEa%Q%EﬁF %&EgﬁgHﬁbe%%?tgeﬁafggugﬁgf258@ n endl al , ROA
representsheasudusag ROBURSr, SFrEhangel "se horshapgndisplraeemnt fyom a

reference surface at a position that is 0.5 nmmor 1 nmfroman outer
peri pher afN@n@ut 87| BRFLRTGh t979 outferf g pher it denddef inhe dani conduct or

wafer is fepresant ed asiaiy i 1A Golde Weg: igﬁ"%!flgi g%s%fr'%es m conduct or
wafer is corrected to a fi of a

at surface, an inclinatio ront side of the
seni conduetveinmafeeri.s corrected, and a flat region that is 3 to 6 nmfrom
t he outer @géhfheral end of the sem conductor wafer (between rl and r2 in
FIG 13) { déterm ned as the reference surface. An outer peripheral end
side of ro is alsIRrefesrpdckoudsaar -QURIrHIdPNEI YLK CEudedcE80i on (which
is also referred to as a peripheral portion excluded region and corresponds
to a | engt™@ ¥’ a@nforti &5, WIRCH IS DR kizelemechpplipEasiseén range of the

fl at ness f u rd 0 Definition
of ZDD\M?ﬁﬁﬁgaﬁgggdéggkﬁgg;%Mt f%%f%%?%ﬁ%t%gg%ﬁshlggékﬁtaﬁsCissa in FIG
14 represept sphetrehgehgkr pmrdn cout eGHIR iiphetaf irend @f a sedihoonduct or

waf er, aqg ggvgggiggtg in the _sane reprq;ents.a digﬁlagenent of a shape of
a waf er surfaces TR gEREFECT Z55 HEdhs i SREOHEYSr GBI CEPPPERENaIR of a

di spl acenendnof s adsubfaee sehitdie merd congdies or r¥aber veekat iave to a radius
of the sem conductor wafer. A positive value of ZDD represents that a
surface iISSHREPPaBedUrhager WsieRg Ailastt i vkde whtrehs acRéganidveteal ue of the

sane reprgsent st hat f j i [ ging direction.

[ 0009] gléEeSF%% dEbe fHaEdRs %aﬁfeéﬂé%?fﬁ% SuF LR Moheral portion),
and it isl@@dhtness index that is indicative of flatness of the outer

peri pheral portd How to take a_cell in ESF i1l now be described with
reference to Fﬁ%ﬁﬂiéﬁrﬂcfrﬂ%Fafrfécﬁ‘ 5&%ﬁ%§%%ﬁM%ﬁ%% dhuGEfor wafer and
shows thatndx puied peripherall uperdd om theseedahse dividedaicnt @ 142 .
rectangul ar regions (cells). FIG 15(%% is an enlarged view of one of the
rect angul Ok eff oRef1BAE e ar ettty arPe el brei anduneoaiided by a strai ght

line L2 t in r ut erip | _end Ln._a_di ameter
direcH(ﬁ?%ﬁ%%%ﬁ?g%cfgghcgr%ggg§%§é%]{gf%?%% ?ﬁ%gc?rgg%FePgﬁﬁ%% di rection
of an outar gesipheral dpaehisapnof(d.he sem candichey waf 8ereahdnad egi on of
L3 that is 1 fromthe outer peripheral end in the dianeter direction is
not incldﬂéd%n{%?%? ESEEROT s 2arf © ARy '3 EpGe2Bf positiig&cand

negative disvd Bié@NSy T FRE Ack@BSt FIURIEt square in regard to this
cell surface is determined as the reference surface.
Further, a value of SFQRmax represents a maximum value

of SFQR in each site on a predetermined wafer.



plane in the region) of this rectangular region (the cell). In case of
ESFQR, an outer peripheral end side indicative of L3 is determ ned as an
outer periphery excluded region. C TATION LI ST PATENT LI TERATURE [ 0010]
Patent Literature 1: Japanese Unexam ned Patent Publication (Kokai) No.
HO8- 257893 SUMVARY OF | NVENTI ON TECHNI CAL PROBLEM [ 0011] The outer
peri pher al is a portion forned when an outer peripheral portion of a
waf er is éQ@@%&ively pol i shed and rounded with a curvature w thout being

formed into a fEstRsucl ace.dys o aninerease-ia PpLLskingrpeessure caused

by deformation of a polishing pad. To reduce an influence of such _
defornatiéﬁd@ﬁ-théBéBlﬁ§hﬁngmmmxnaﬁﬁrﬂpvﬂqﬂﬂ¢shimgaheaﬂlhaawngga retainer
mechani sm is_kno Patent Literature 1), However, under existing
condition%ntﬁﬁglgg§ P PEaTSH HY b%dgis %8BT o8 r BBUCE s r at ches on a waf er

surface, seppressiuegodeferimt i@ ofivdecpohi shicpgepad ks rdialdd GHdn and
there is alimt in inprovenent of the outer peripheral sag in principle.
[0012] @ Pacgnsife efhéhnarnicrieches VAESEr bAt datrasensiceraenced

fl at ness §tggg@ggn@gdshq%anngHﬂjgggg§£%£epg§g?%%98?e s Standard, and it

is difficult to meet both the stan avin fferent reference
surfaces uadee tlieS8dRke immufccturtiang coFEh tarohsSBITheeboeetrot he set-up

change of ufacturing condition change is_required, and there is a
problen1t%g$95ag688t9&iF;%Q?%ﬁﬁﬂo Yal ?bﬁ?c[ﬁﬁig]on a wafer

surface, and this evaluation is performed with respect
to a cell having a dimension that approximately
corresponds to a region of a semiconductor component to
be fabricated.

[0007]

Definition of ROA will now be described with
reference to FIG. 13. An abscissa in FIG. 13 represents
a length from an outer peripheral end of a semiconductor
wafer, and an ordinate in the same represents a
displacement of a shape of a wafer surface. 1In general,
ROA represents, as a sag amount, a change "d" in shape
displacement from a reference surface at a position that
is 0.5 mm or 1 mm from an outer peripheral end (a length
from the outer peripheral end of the semiconductor wafer
is represented as rg in FIG. 13) when a back side of a
semiconductor wafer is corrected to a flat surface, an
inclination of a front side of the semiconductor wafer
is corrected, and a flat region that is 3 to 6 mm from
the outer peripheral end of the semiconductor wafer
(between r; and r, in FIG. 13) is determined as the
reference surface. An outer peripheral end side of rg
is also referred to as an outer periphery excluded
region (which is also referred to as a peripheral

portion excluded region and corresponds to a length of a



Furthernore, even if the sane surface reference is used, a value of ESFQR
or the like varies depending on a difference between outer periphery

excl uded regions, and hence there is also a problemthat a yield is

| owered. To solve such a problem for exanple, to inprove ESFQR, there is
adopted a technique for polishing the outer peripheral portion so that it
can slightly rise and reduci ng a nmaxi nrum di spl acenent from a | east square
pl ane i n phetowner wherdiphier adutegienthéonepet casdgnofratie et egh@st

peri pher al pgrtion %f t he Lfr still canpnot be,igproved, and an inflection
poi nt i nvérv&gdssy & &w@g@q % Sag SHLPE PPOMPLRE M SM5Y 'shape formed by
pol i shi ng[bgopnoduced. As a result, this technique is suitable for

i nprovenment in a value of ROA or ESFQR up to 1 mmin EE (Edge Exclusion: an
out er peripheryDPekénadéanr edi PP havilngiar |lze géevarilaefoniich thi ckness of

t he waf er it.sn uitabl e for d venent..in SFQR or ZDD that 2 mm
in EE for ﬁgl%gkght%i %sot &IeIaG'rsﬁ laﬁfril'd %enet%bnégégg%? ulrnigl ?%% o?4f F&PAESS T iTdexes at
the sanme ti Aenigshdiffrfonc Wt .oJt04deripheraToesal v€ theealoverdlascs+ bed

problem it _is an object of the present invention to provide a

senm condul6FTwaflf PRaCHPHeetla Prar afPEy T BPTEEEINSsS i ndexes such as
SFQR, ESFERspZRBerBA BIR siBIR oY 9L herssyndgrct hergage pragessing
conditions at the sane tine, and to provide a nmanufacturing nethod thereof.
SOLUTI ON #BPPREBREMe[ G@1B8nd order Tbl bthireveiaheodbpedt srdesmmimy to t he
present ipventi there i rovi ded sem conduct or f.er havi ng sag
formed at Bgngoatgg’rfaggr iogfhet?lyeoastent“hceo?(?lﬁ%g% qu)%?leghirﬁé’\,g%\?vﬁ’eer Bﬁon )

di spl aceneatiiob blfe tsemiseaniditidic et evafora tAhiskeessvdi Facticornd s 100 nm

or |ess bgbmeen a center and a outer peripheral sag start position of the
seni condutPBr TRAFEFSNARTd e Genteriafe the défPeBREMctdr andfierintas a convex
shape, anaageuRtonl omeidRerd RSl 1 $a0yofuLhesserboaaduct or vafer is 100
nmor |ess, and A sem conductor wafer having sag formed at an outer

peri pher yrapreRentismehefc pdld shimftpcahes elhspldispl acermemstawfintde
senicondug&ggc%@ggr in a thickness direction is 100 nmor |ess between a
center and an oufer peripheral sag start position of the sem conductor

waf er, theoeeater of the sem conductor wafer has a convex shape, an anount

of the outer ral Egg of the sem conductor wafer is 100 nmor | ess,
g

per i phe ,
and the outer;ﬂﬁ#é%efal SEREr A TGS 19UIF | SRy FF oRFAAPBEESL
peripherabopeibhon ahdt he semLonductors Waf g6t eward;the cantgr; pr 20 nm or
nore away from an outer peripheral end of the sem conductor wafer toward
the cente?f fhetpaser opertihsherudle pare s omhdes hgrarheasur elent toar get of
ESFQR [ O Accargi .0 such seni conduct.or .waf er shape, in the
pIuraIityQ%Eéf?a%ﬁé%slﬁn g%ggggﬁgﬁ‘ég”ééﬂﬁfgééﬁﬁﬁ#eﬂoﬂ}%ghd ot hers havi ng
di f f er entrefigecexel usi Ons,. dévi atitons Ify em the i espective bef arence
surfaces can, be ghninized at the same tine, and the conbination of the

convex sh3pBLap tHECEENtEr ot Atk T Tohutbt 8F Qafer PREIERMS4AY be al so

referred orasoa €8BLELCQRVEX ShARE 1her evpabLer)nand the QUi periphera
sag shape enabl es al so suppressing a change in curvature that occurs at the

outer periphetal - poriFonldSNbi edvern wndre tdred sehdéeonfueher ofatée havi ng
such a s I t .not_only the frontsurface-referenced flatness

i ndexes bu 8%%§%§g%g %gg%gﬁﬁfaég¥%qu?é%%%%a?ggiﬁésgeﬁﬁggxé§ (GBIR SBIR
and ot hersyrandntibe byr vattre ieya UatdonL) noexs sush astSPBieanrkexnet at

the same time. As a result, it is possible to cope with demands of al
cust onmer SRndeFef heesarbegalli shichg tohdiiiBaseraddracpiernalind agf cust oner

demands qggzggjg%rrg%ﬁggagﬁgnggnge ggn%ggn%q&éﬁﬁ}é¥%ﬁgggied out under the

same processing conditions, hence productiv or ayield of the
seni condutt vechwaber ofannbevitmpr eeed.pf0d 7] portionAddi tthenal |y, it is
preferabl§E%£%o£ggc%g?uagf%2,O%&E{efggé Pgéaéfsﬁg %gageigolnghor | ess.
from the outer peripheral end in the diameter direction
is not included. Here, ESFQR is an SFQR value (a range

of positive and negative deviations from a least-square



[ 0018] As a result, there can be obtained the sem conductor wafer
havi ng the i nproved fl atness i ndexes such as SFQR, ESFQR, ZDD, FDA, GBI R,
SBI R, and ot hers. [0019] Further, in the present invention, there is
provi ded a nethod for manufacturing a sem conductor wafer conprising a
polishing step of polishing the sem conductor wafer after slicing a
single-crystal ingot to obtain the sem conductor wafer and chanfering and
fl atteni nglehe semtbhendustion waderthiderecnangtltherpgliioshi(nghest ep, the

sem conductor wafer i s subjected to doubl e-sided, polishing  in such a nmanner
that a digﬁgééeneﬁp GF SEnE s EmF&Bd Fdt otu vief €T %?fﬂ'cﬁﬂgs§lﬁﬁrection
becones 100dARLRNH vieesF BBt WaeR A LaitRid 3l A0 Ot &F @@fiﬁﬁ@&g' sag start
position of the sem conductor and the center of the sem conductor wafer
has a con®&glsngge regid®rone side of the sem conductor wafer is then

subj ected to chem cal - mechani cal polishing in such a manner that an anount
of outer peripheral sag of the sem conductor wafer becones 100 nmor |ess
and the oQfe@ATpeN pliemal sag start position is the outer peripheral sag
start position is_away froman outer peripheral portion of the

sem conduttoFNafdr the center or 20 nmor nore away from an outer
peri pheraloendjof the sem conductor wafer toward the center, the outer

peri pheral portion being a neasurenent target of ESFQR [0020] When
t he seni conduct Bateateklitsratbjrectlod Japarws aldid eamidedpBhishitng in this
manner, it is. i bl easi q3ﬂ$f t he sem conductor wafer that a
displacen%ﬁ%iéggﬁaggsgﬁﬁggﬁ'ug%%T wa é?g?ﬁéﬁhe t hi ckness direction is 100
nm or |ess between the center of the sem conductor wafer and the outer

peri pheral _sag _start position and the center of the sem conductor wafer has
t he conve§U¥WgB§.oﬁd&iWﬂﬁ%ﬂQNu when one side of the seniconductor wafer is
subj ect edrtopghent cakomgehani cal polishing, it is possible to easily

manuf acture the sem conduct or wafer that the anopunt of the outer peripheral
sag is 10008Mmldr | ess and the outer peripheral sag start position is the
out er peripher a rt sition is away from.an outer ripher al
portion of theaé%%iggﬁ%%c 8E9§%¥%¥£Héﬁﬁ¥d‘ He f%en %?no%oﬁﬁgﬁnygﬁnnnre away
froman oatevuperi peerigheerad gfodthieosent condactor i vakecetseard |t he center

t he outer gfrigheral portion being a neasurenent target of ESFOQR [0021]
Furt her, BP1tABSHoPPShITRG A%, Vit e EBREUEE N 1HaPEL PSigy%ferabl e in
such a mappehebihahtbhe amunts pfr, QU@ PEST PREf akreagehaconmes 70 nm or

| ess. [OOZZL' . As a result, it is possible to manufacture the

seni conduR® 6 shaher Phgwishg & e uget dvedd¢ farmessonndéxes poudisEn SFQR,
ESFOQR, Z BLR, . ot hers.-[.0023] Furthermopre, in the
chem cal %%%%?éggi:?sﬁpngl%%ﬂtu%nsceproeg esr%zkf ed?focr)rIt“ﬁE:-lérelmO%orJlC Jct or waf er
i s polishedlishhnygseadf, asiemwyeiolypei pol hebhongapadghavimg aimdAsker-C

har dness (hardness neasured by a spring-type hardpness tester type C

conf or mi eggaﬁﬂng6§0qu&W-6 Orehoret bR LAt PeLy e et hARBSY$Be pol i shing pad

having a $hate- PxhardnessoHfqi30 Hs MU a soft polishing pad is
used to reduce scratches on a wafer surface, suppressing
deformation of the polishing pad is difficult, and there
is a limit in improvement of the outer peripheral sag in
principle. |
[0012]

On the other hand, there are the frontsurface-
referenced flatness standard and the backsurface-
referenced flatness standard, and it is difficult to
meet both the standards having the different reference

surfaces under the same manufacturing conditions.



[ 0024] Al t hough the anount of sag obtained by the

chem cal - nechani cal polishing also varies dependi ng on poli shing
conditions, a ratio of the polishing pad dependent on an anount of
deformation is high, selecting such a polishing pad with high hardness can
obtain a desired amobunt of sag by adjusting the polishing conditions.
Moreover, it is possible to further readily manufacture the sem conductor
waf er t hatf herefemsunttist sHe wutehapesi pheRanuiagtiug 1000 apRdbirt iess and t he
out er. per LARRLAl ;SAG HANPOSIAG b Bethe QUESELREI RAGhal sag start
position is away froman outer peripheral portion of the sem conductor

waf er towarddulke icantyeri orti20rainy otoweredaway from an outer peripheral end
of the s§gigggguctor waf er toward the center, the outer peripheral portion
being a 3 ment target of ESFQR. ADVANTAGEOQUS EFFECT OF | NVENTI ON
[0025] Accordi ngutenthfosen eerguctorn yafeinshaper 9tet hercpeeg@Nt 5
invention, in the plurality of flatness indexes, e.g., SFQR ESFQR ROA
and ot her 8sSRavi Ag vailtfeeradntE Hte e@xctiusi bhke daviigsi depedomda hen r@specti ve
reference f c ] Ni.m . a ' .t he conbi nation
of the ceﬁ?g?eggﬁéﬁk%%tgﬁﬁﬂ%ndpﬁﬁgd%ﬁﬁééggé§igﬁgﬁgﬁggagg ﬁﬁ&f%ﬁ%&§es al so
suppr essi hgnaechaege iz clrsmtarerdbhbémochdtSaayithe aut doweerdpher a
portion. FEurthernore, when the sem conductor _ wafer having such a shape is

adopt ed, h8t SBAMY CHETF FomFSke- I 2F P EABRYUST | 4PndTRTONFexe Pt al so the

backsur f aggeref %_ea‘a%@tfé@taﬂe@écmpgwsf&@%&i§§&Rg and offhers) and the
curvature eval uation index such as ZDD can be net at the sane tine. As a

result, iPerspPpessilbipemto opee viltdit defrands of ight lyustiererandinder the sane
or cover rEANELRLO RS ANt By RIS Lo Oh e CERERTEL 18ETRId AN e ToL

Mor eover, SInce na can be carriéd out undér the same processing
condi ti onplaardihente productganipheoraa yegldnof Hbeesem, cenduetfor waf er
can be inggoved. BRI EF DESCRI PTI ON OF DRAW NGS g0026] _FIG 1(a) is a
schemat i c*CFoSErEEROSN RS TARNG A L PR eBnalictBF WAfEr &ccddriding to the

present iB¥EAbLOBe ARG Red,S #hSCheBhFEc6PEBRIBE 161093 RRGIdPNA, Vi ew of
an outer peripheral portion of a sem conductor wafer; FIG™ 2(a) is a
vi ew showt nghander $ntwnde sofg slrsstsewt tbhak ishape sbre donvesd i onal

si licon wg egolﬁgﬂi%} il &aro\t/c!rﬁ%éhom ”.gatr*‘%s&ifssiﬁﬂ?gt1&8%%1?&%06 of an
outer peri hera por tl on e conventional” sTIfcon wafer and reference
lines of SFQRuandbESF@ERr improvdmhdéat 3(A)ai saduei ew RKoewoig EsmEEeond node
of the cross-seitional shape of the conventional silicon wafer,

up to mm i1n EE (Edge Exclusion: an outer periphery

excluded region) having a large variation in thickness

of the wafer, but it is not suitable for improvement in

SFQR or ZDD that 2 mm in EE forms the mainstream, and

- meeting a plurality of flatness indexes at the same time
is difficult.
[0014]
To solve the above-described problem, it is an

object of the present invention to provide a

semiconductor wafer that can meet a plurality of

flatness indexes such as SFQR, ESFQR, ZDD, ROA, GBIR,

SBIR, and others under the same processing conditions at

the same time, and to provide a manufacturing method

thereof.



and (b) is a view showi ng a cross-sectional shape of the outer peripheral
portion of the conventional silicon wafer and reference |lines of SFQR and
ESFQR; FIG 4(a) is a view showing a third node of the
cross-sectional shape of the conventional silicon wafer, and (b) is a view
showi ng the cross-sectional shape of the outer peripheral portion of the
silicon wafer and reference lines of SFQR and ESFQR FIG 5(a) is a
vi ew showR§UELEYs T8 EROBAAIM shapes of silicon wafers having a center
concave stﬂ@@%@), a flat shape (0), and a center convex shape (a),

(b) is a view show ng the cross-sectional shape of the outer peripheral
portion of the B¢l acbhewaf ehehavijrgtt,hecenterngoneaviee shapecand ref erence

i nes of SF nd ESFOR, . C) is a view showi ng the cross-sectional
shape of %ﬂg%gﬁﬁl'péﬂgﬁﬁeﬂaﬁ pprd?‘%%%%do‘? ?ﬁ‘@lgPPQBSEO%af”&feﬁavi ng the flat
shape andnhkbengekagereenddes ofn FFr ANYe ESFRRryaRd the timd Dris a view
showi ng the cross-sectional shape of the outer peripheral portion of the

silicon waPeétshaniongwhiee sdenteerd icamaesentapec Andhehe eméfonsivet 41 nes of
SFQR.aUd §§%g$;in ﬁ thi@ﬁ%eégegiﬂékfﬁgﬁeylST@&‘E% 8E0§%é%e%%t el shape§
of silicon waters having a center convex sﬁape t hat "an amunt™ o cnhange in
shape from theteented ko cuheroyerigiestrPphesygi st200 poswhera qaOsi tion
where a change in shgge due to sag starts (an outer peripheral sag start

posi ti on) 1€ §°POSPRAGF tOFatvd e s AR AWaYS f FBRT EReSut8f peri pheral end

(145 mm f sem EBRAGERLET Wal@r Hihen thensereshspa, Pasi bhefhgfs is 10 mMm
fromthe outer peripheral end (140 mmfromthe center) (0), and when the

same i s chahgedrerémherelcemaerof chdheseoni epndpetppheryew tis tHY sane
curvature_ (4 b), is vi e howi n he,cr -sectional shape of
nrg 23 68& %Aor]seé?%ci%n%g?gr wgfé hqu_)gl% Ss%é:;d f.goyr cg

t he outer peer%SF’Sr e silicon wafer i ndifcat nd
referenceati assoateSFRraAmtheESFQR, the time(6) pslashniey,Show it he

cross-sectignal _shape of the outer peripheral portion of the silicon wafer

i ndi cat ed® by 8PARGEFEPEr Efcd NS e gFo Ahd"EERERI Nafd thicknesg gy js a

vi ew showingeEReoRr 98S198CtHONA Shape, Of wE8e QUEBHBEN iapherAl portion of
the silicon wafer indicated by A and reference |ines SFQR and ESFQR,

FIG 7(a)ounsea prewrskowingasr c¥srsleard ohll oshapeshef ssnlliccorruifer s havi ng
a center &Q?¥§X ’?E%p%eg%&h!&kl ssn%r%ﬁ?%ﬁﬁ?{?g:%g@gg %Iasp%a tion that is

10 mm away frofm t center is an anount” of change in
shape fromvhhexcehter,t ant kencalitteroperhPhetyer Spd30Qphmratiersaay poSi tion

where a change in shape starts (an oute eri pheral sag start position) is
a positi oﬁh?hﬁ?mﬁgofggﬁﬁo&méﬁ?ffer%nﬁ hjeoé) %rogeﬁf“ﬁﬁer é‘%de R A S¥m from

the centepdr{PherwheBadn sam@unt, &f i S80I Ssaahalf frbn€an 2@y relative to
the wafer shape indicated by 0 (0), and when the outer peripheral sag start

posi ti on PSrephapravapritiom e e esepeeppliecabrend LeX3¢ awaxd drha he

center) (égnter or 20 mm or more away from an outer peripheral
end of the semiconductor wafer toward the center, the
outer peripheral portion being a measurement target of
ESFQR.
[0016]

According to such a semiconductor wafer shape, in
the plurality of flatness indexes such as SFQR, ESFQR,
ROA, and others having different edge exclusions,
deviations from the respective reference surfaces can be
minimized at the same time, and the combination of the
convex shape at the center of the semiconductor wafer

(which will be also referred to as a center convex shape



(b) is a view show ng the cross-sectional shape of the outer peripheral
portion of the silicon wafer indicated by 0 and reference |ines of SFQR and

ESFQR, (c) is a view showi ng the cross-sectional shape of the outer
peri pheral portion of the silicon wafer indicated by 0 and reference |ines
of SFQR and ESFQR, and (d) is a view show ng the cross-secti onal

view of the outer peripheral portion of the silicon wafer indicated by A

and ref er BREEIPEAES 1Of 2EQR lendP ESFQReer ipheraf| 6298EARPSs cnak leww show ng a
correl ati Qﬂsge% QUL QY & cﬁ%(ﬂ%‘e{ﬁl o389, 8L ALt tgg%' Lo, & Sag anmount,
an b g uirhe

and SFQOR, I's a view show a correlation between out er
peri pher athsagustar toepdgitid ron, gdret Sag. amamdovand E5EQRLhe FIG 9(a)

is a view show ng SF x of silicon wafers nuf actured according to
Exampl o 1570 CEOMEAAr V6 At 608 10311 & SL0PEw.Shtig EaFFaive. of t he
sane, andofie) ikHed AHRW SNOWM N BER-OfcLhersamBess indeddLGpdO(a) is a

vi ew showi ng SBI Rmax of silicon wafers manufactured according to Exanple 1
and ConpapafpPvéhex&asiks U £ {49 - 1 &f er i eed shbat ngszDbngexeve SHMR, and (¢)

is a view, Wi f the s X FIG 1 i;S_a .vi ew show ng
SPoRmax oF e Ea Ve e At S R br G e nE e E S ng
Conpar at i veckxasplzeDl cafb)od sneét VAtew isbovhng EShORavRsoh theusane, and (c)

is a view showing GBIR of the saneg; is a view show ng
P

FIG 12(a)
SBI Rmax of ‘'t h& B is&mmr@%m%t%‘?%ﬂn%c&fd?gé COSERRRAIE 2 and

Conpar at i ygEXarBke shmel o1l iSs1i ¥ €% $H0M 99 ZDPnaf at he sane,c Ande (c) is a
vi ew show ng ROA of the sane; FIG 13 I1s a cross-sectional view for
expl ai ni nguRCANen desemdsormfuctlyy wef er ;Moreover Fl §ing4 ingnagement

o1 955, sechLgnaL VLSl S0 LG 2000, SppeIL sEuicLe el oo o
DESCRI PTI &Nd OreENMBORItMNES i vity or a yield of the semiconductor
wafer can be improved.
[0017]

Additionally, it is preferable for the amount of
outer peripheral sag to be 70 nm or less.
[0018]

As a result, there can be obtained the
semiconductor wafer having the improved flatness indexes
such as SFQR, ESFQR, zDD, ROA, GBIR, SBIR, and others.
[0019]

Further, in the present invention, there is
provided a method for manufacturing a semiconductor
wafer comprising a polishing step of polishing the
semiconductor wafer after slicing a single-crystal ingot
to obtain the semiconductor wafer and chamfering and
flattening the semiconductor wafer, wherein, at the
polishing step, the semiconductor wafer is subjected to
double-sided polishing in such a manner that a
displacement of the semiconductor wafer in a thickness
direction becomes 100 nm or less between a center and an

outer peripheral sag start position of the semiconductor



[ 0027] Al t hough the present invention will now be expl ai ned
hereinafter in nore detail, the present invention is not restricted
thereto. The present invention is preferable when a senm conductor wafer is
a silicon wafer and particularly preferable with respect to a silicon wafer
having a dianeter of 300 mmor nore, and a case where a sem conductor wafer
is asilicon wafer will be mainly expl ai ned hereinafter. However, the
present i AVENENRENCREtRSt afedihe ciedi thredetoor amdfet bas he calrsesapplied to

a sem congdy r er,.at har, t t.he silicon wafer. 028], [Rel ationship
bet ween Sha%%gbf \A%gn\cl)g%t i@grﬁia %%?Iti%%nswlf%??d‘é‘?%ﬁf ‘éiiL\geESL@Q]then FI GS.
2 to 4 il$usieatedf tosthiemitdal-hamdes: ©®f1 a61 0581 8§Ct hoBakpshape of a

conventi o grlmgi I H%og waf er having a dianmeter of 300 mm Each of FIG 2(a),
FI G 3(a§, and F'e" APapTSrd\s H GhiorPswairiepal i shedoifntbea shape t hat

an outer petipbeiMctbsesalfW ¢t Wirds bey @l 5Pffé£§da£8 %%eapéksing shape

hereinafter) to suEpress sag. The rising shape neans a shape rdsent ed by
Hin FI GPS{Eyherat eranpltertHecs itdomshiowmtia GiGS: Betdpherthe rise

i ncreasesg r of FIG_ 2, Fl 3, and FIG 4. Each of FIG 2(b),
FIG 3( Zs)%é]aénggﬁ)(agg%%g}ogh&ﬁs e g‘s[so- &8t | DhaT T ShapePBETaR out er
peri pher glompoien onf of heheesiikiog@ih cvafrerwa @  ef 8 £Rger hinecLachr gken 1ine)

of SFQR, Zatpd a reference line (a solid line) of ESFQR Al though SFQR or
ESFQR i s ‘esseht?alT9r caftarat&d™ romoa st arasioehstr f acedobfateel | si ze,

t enpor ar ys s 0 u ESFRRy YR8 rcabgulat e W Ih use of, I e%g{ggce | i nes obtai ned
nal

by the | east-square nethod from data of the crdss-5sectio shape of the

si i con REFEPHE Dk deprtbohabilinbake mepderstadi ng: wpe t nbFuepegrof the

cr oss-sec[tdocgﬁl shape of the silicon wafer on SFQR or ESFQR. [0029]

Here, edge exclusion of SFQR was determned as a region that is 2 mmfroma

waf er outer peihghertale enhi@og@httstzRavas agsyBd tQ he 26 yPx8 mMm  and
the ref eren |ine (the broken Ii ne%,vvas obtai ned by the |east-square
met hod. GR&EE T RAESkikBIudnofhéF ESPORMas! determdneibas aor egi on

that is bammify emrumed€ir QUERE RERL PRGN +e0d., & Jeghangul ar region as a
nmeasurenent target was determned as a region that ’is ki to 35 mmand 5

fron1the@ﬁ%R%aQﬁmQﬁtFQﬁi@h@raEméqdnductor wafer in the thickness

direction is 100 nm or less between the center of the
semiconductor wafer and the outer peripheral sag start
position and the center of the semiconductor wafer has
the convex shape. Additionally, when one side of the
semiconductor wafer is subjected to chemical-mechanical
polishing, it is possible to easily manufacture the
semiconductor wafer that the amount of the outer
peripheral sag is 100 nm or less and the outer
peripheral sag start position is the outer peripheral
sag start position is away from an outer peripheral
portion of the semiconductor wafer toward the center or
20 mm or more away from an outer peripheral end of the
semiconductor wafer toward the center, the outer
peripheral portion being a measurement target of ESFQR.
[0021]

Further, at the polishing step, the semiconductor

wafer is preferable in such a manner that the amount of



and the reference Iine (the broken line) was obtained by the | east-square
nmet hod. The cal cul ation was carried out with the reference Iine (the broken
line) of SFQR having a length of 8 mmand the reference line (the solid
line) of ESFQR having a length of 35 nmso that a difference between SFCQR
and ESFQR can be assured. [0030] Table 1 shows a result. SFQR of the
silicon wafer shown in FIG 2 and FIG 3 is as substantially the sane as
appr oxi mapeky r4@emmphanch la s placanent 7atna positsen that is 2 mmfromthe
outer peri EQ?E?I end (148 mmfromthe center) and a displacenent (ROA) at a
posi tion t[ s 1 mmfromthe outer peripheral end (149 mmfromthe
center) were substantiabihy, the sang s iR axd matehyad8Qram Eovwever, ESFQR
of the silicon wafer in FIG 3 having the outer periphery rise is

appr oxi maf 8y C30HmEBEt tverf athdre s sthé¢ conenaved fhaEhEss2infheref ore, to
I nprove , okt b r d t L shj to_farm.a shape that the
out er peF?g%gr SF Sgr@t@l'o% slq ghtszlt@j)’riﬁs%%' acggisﬂr)‘]bv\néqg?ﬁ’ﬁ& §(t§‘)eriss' ef fecti ve.
In the silPedalwafer in FIG 4 having the maxinumrise to i nprove ESFQR,

~al t hough ESFQ?%S ingroved in the silicon wafer in FIG 4 having the slight
rai sed shape td “FhprEURTESFER CEEQRNCE g dMe Stk W hshipeeve ESFOR
and havi ng: the BRXFENAN1ESE oI HO AlhidAUEDEE: OfaBelntLectingn ol nt from
ariseto a sag. That is, in a conventional wafer manufacturing nethod, it
is difficultthfBeethé eonvamovemalt e avo astufmet paingameénkodnf or pol i shing
t hat for _KI p i.th flatness depand which.will beconme nore
severe in@?%(g?f gtﬁggﬁﬂﬁﬁgpgﬁ‘%rﬁeﬁﬁ TWHERT Fpriovi R BECRIaMEPESFOR at t he
same ti nehasddesandedfemreetjipeg ¢ he roemandsg i so dif§i gekb1)[ 883k [kabl e 1]
Shape CQut er]i:é?eri phera&yﬁ%%t%t art position (nmm Anount of sag (nn) SFQR (nm

ESFQR (ndj°Ff &% @ P° ane type polishing pad having a
Shore-D hardness of 55 or more.
[0024]

Although the amount of sag obtained by the
chemical-mechanical polishing also varies depending on
polishing conditions, a ratio of the polishing pad
dependent on an amount of deformation is high, selecting
such a polishing pad with high hardness can obtain a
desired amount of sag by adjusting the polishing
conditions. Moreover, it is possible to further readily
manufacture the semiconductor wafer that the amount of
the outer peripheral sag is 100 nm or less and the outer
peripheral sag start position is the outer peripheral
sag start position is away from an outer peripheral
portion of the semiconductor wafer toward the center or
20 mm or more away from an outer peripheral end of the
semiconductor wafer toward the center, the outer

peripheral portion being a measurement target of ESFQR.
ADVANTAGEOUS EFFECT OF INVENTION

[0025]

According to the semiconductor wafer shape of the

10



Rise (small) 5 130 39.9 162.5 FIG 3 Rise (nedium 5 130 39.6 135.7 FIG 4
Rise (large) 5

present invention, in the plurality of flatness indexes,
€.g., SFQR, ESFQR, ROA, and others having different edge
exclusions, deviations from the respective reference
surfaces can be minimized at the same time, and the
combination of the center convex shape and the outer
peripheral sag shape enables also suppressing a change
in curvature that occurs at the outer peripheral portion.
Furthermore, when the semiconductor wafer having such a
shape is adopted, not only the frontsurface-referenced
flatness indexes but also the backsurface-referenced
flatness indexes (GBIR, SBIR, and others) and the
curvature evaluation index such as ZDD can be met at the
same time. As a result, it is possible to cope with
demands of all customers under the same polishing
conditions, and a plurality of customer demands can be
met. Moreover, since management can be carried out
under the same processing conditions, and hence
productivity or a yield of the semiconductor wafer can

be improved.

BRIEF DESCRIPTION OF DRAWINGS
[0026]

FIG. 1(a) is a schematic cross-sectional view of a
semiconductor wafer according to the present invention,
and (b) is a séhematic enlarged cross-sectional view of
an outer peripheral portion of a semiconductor wafer;

FIG. 2 (a) is a view showing a first mode of a
cross-sectional shape of a conventional silicon wafer,
and (b) is a view showing the cross-sectional shape of
an outer peripheral portion of the conventional silicon
wafer and reference lines of SFQR and ESFQR;

FIG. 3(a) is a view showing a second mode of the

cross-sectional shape of the conventional silicon wafer,

11



60 37.3 81.6 [0032] [Influence of Unevenness of Silicon Wafer on Fl at ness
| ndex] To find out a nethod for inproving both SFOQR and ESF(R at the
sanme tinme, the present inventors conducted sinulation in regard to an

i nfluence of unevenness of a silicon wafer on fl atness based on a shape of
a current silicon wafer. FIG 5(a) shows cross-sectional shapes of three
silicon wafers used for the sinulation. FIG 5 shows cross-sectional shapes
of silicoangaf(éns lisn acasievofstaowlmy shapeseoﬁectmoeaée&mégﬁ(nﬁutheconcave

shape (a i.tion_at .an uter eriphery, that is the center is
100 nn1thB§§e%)p€6fpher T g%p%f g %%%tg?nggn Qnghaﬁ q% gosition at an
out er per iwphtery ahfdatré&relr(bemﬂf_rﬁ@@ bhesegnt ehdi £sFQ@;nm thinner) (L). In
this simulation these three silicon wafers have the sane sag shape on the
outer side that T€-18 (Ah ffom tHE bRV TG | PhER hrd AL 126 MREf r om t he

center). on%%—%%é@%ngfxgﬁ%E%q@fdt %E&SEVQBtQQEQlS%UFTyEﬂMwégeFas set to

300 mMm shows a cross-sectional
shape of andOUbérlﬁeﬁupﬁ&WNSHEWIm@ntbé arsekircentwaherl s edch shape

and refer nce lines of .S nd ESF Bas hese, and ESFQR of
each sili ﬁ RAfEF §ﬁ§h¥ﬁ%§%§c§°%F PO gafgﬁlﬁf aCOthaE%fB 9 hoted that
the ref ereagerkinnes 1Merees def igwegk | 4ke theorxanpl es shown in FIGS. 2 and 3,

and SPQR and ESFCR were al so obtained |ike the exanples shown in FIGS. 2
and 3. [0034] FIG- >fapl és2ashewy ishowidsul¢rosn-easeionad shrPeen waf er

having thg cgg&e on%ﬁ%ﬁﬁ%hg§%jlFK}%ggge?na e Loter, mg;2 IeveI but

ESFQR was he wors case 0 ' Con aV|ng the fl at
shape, ESFQRtwasaplke GEStadﬂﬂaEﬁ%}t@ascbheemoshepeFl ),5(c)). In case of
havi ng the center, convex_shape s the best, and E was aon the
evel Jcl ose to (hb FRat Shade ML Nbadie 1 476 BoeE PRSnl CHERRGOTS(d)) . As
a result, the earekependensdod ddatibheceepher se0Avex share fraciiid ates
achleV|ng both SFQR and ESFQR. That is, to inprove both SFggﬂand FOR a

shape (a EBﬁvé?n§ﬁ§p§PWQﬁﬁeeﬁﬁﬁﬁ%sa@@sbeéﬁrﬁecﬁlﬁﬂﬁ&ﬁIQﬁ1 Gt /FER and
ESFOR to Rayggi nclinations that are as the same as possible. [0035] [Table
2] ’

(c) is a view showing the cross-sectional shape of

the outer peripheral portion of the silicon wafer having
the flat shape and the reference lines of SFQR and ESFQR,
and

(d) is a view showing the cross-sectional shape of
the outer peripheral portion of the silicon wafer having
the center convex shape and the reference lines of SFQR
and ESFQR;

FIG. 6(a) is a view showing cross-sectional shapes
of silicon wafers having a center convex shape that an
amount of change in shape from the center to the outer
periphery is 200 nm when a position where a change in
shape due to sag starts (an outer peripheral sag start
position) is a position that is 5 mm away from the outer
peripheral end (145 mm from the center) (¢), when the
same 1s a position that is 10 mm from the outer
peripheral end (140 mm from the center) (o), and when

the same is changed from the center to the outer

12



Shape CQuter Anmpunt

periphery

(b)
the outer
indicated

(c)
the outer
indicated
and

(d)
the outer

indicated

FIG.

of silicon wafers having a center convex shape

thickness
away from
of change

periphery

shape starts

SFQR ESFQR

peri pher al

of sag (nm (nm

(a),

is a view showing the cross-sectional shape

with the same curvature
of
peripheral portion of the silicon wafer

by ¢ and reference lines of SFQR and ESFQR,
is a view showing the cross-sectional shape of
peripheral portion of the silicon wafer

by 0 and reference lines of SFQR and ESFQR,
is a view showing the cross-sectional shape of
peripheral portion of the silicon wafer

by A and reference lines SFQR and ESFQR;

7(a) is a view showing cross-sectional shapes
(a

at an outer peripheral position that is 10 mm
the center is 100 nm thinner) that an amount
in shape from the center to the outer

is 300 nm when a position where a change in

(an outer peripheral sag start position) 1is

a position that is 10 mm away from the outer peripheral

end

indicated

(140 mm from the center)

is a half,

(o), when an amount of sag
i.e., 200 nm relative to the wafer shape
(©),

by © and when the outer peripheral sag

start position is 20 mm away from the outer peripheral

end

(b)
the outer
indicated

(c)
the outer
indicated
and

(d)

the outer

(130 mm from the center)

(a),

is a view showing the cross-sectional shape of
peripheral portion of the silicon wafer

by o and reference lines of SFQR and ESFQR,
is a view showing the cross-sectional shape of
peripheral portion of the silicon wafer

by ¢ and reference lines of SFQR and ESFQR,

is a view showing the cross-sectional view of

peripheral portion of the silicon wafer

13



sag start position (mm (nm FIG 5(b) Center concave shape 10 200 42.3
185.0 FIG 5(c)

indicated by A and reference lines of SFQR and ESFQR;

FIG. 8(a) is a view showing a correlation between
an outer peripheral sag start position, a sag amount,
and SFQR, and (b) 1is a view showing a correlation
between the outer peripheral sag start position, the sag
amount, and ESFQR;

FIG. 9(a) is a view showing SFQRmax of silicon
wafers manufactured according to Example 1 and
Comparative Example 1, (b) is a view showing ESFQRave of
the same, and (c) is a view showing GBIR of the same;

FIG. 10(a) is a view showing SBIRmax of silicon
wafers manufactured according to Example 1 and
Comparative Example 1, (b) is a view showing ZDD of the
same, and (c) is a view showing ROA of the same;

FIG. 1l1l(a) is a view showing SFQRmax of silicon
wafers manufactured according to Example 2 and
Comparative Example 1, (b) 1is a view showing ESFQRave of
the same, and (c) 1s a view showing GBIR of the same;

FIG. 12(a) is a view showing SBIRmax of the
silicon wafers manufactured according to Example 2 and
Comparative Example 1, (b) is a view showing ZDD of the
same, and (c) 1is a view showing ROA of the same;

FIG. 13 is a cross-sectional view for explaining
ROA in a semiconductor wafer;

FIG. 14 is a cross-sectional view for explaining
ZDD in a semiconductor wafer; and

FIG. 15 is a top view for explaining ESFQR in a

semiconductor wafer.

DESCRIPTION OF EMBODIMENTS
[0027]
Although the present invention will now be

explained hereinafter in more detail, the present

14



Fl at shape 10 200 44.8 172.2 FIG 5(d) Center convex shape 10 200 40. 3
174.7 [0036]

invention is not restricted thereto. The present
invention is preferable when a semiconductor wafer is a
silicon wafer and particularly preferable with respect
to a silicon wafer having a diameter of 300 mm or more,
and a case where a semiconductor wafer is a silicon
wafer will be mainly explained hereinafter. However,
the present invention is not restricted thereto, and it
can be also applied to a semiconductor wafer other than
the silicon wafer.

[0028]

[Relationship between Shape of Conventional Silicon
Wafer, SFQR, and ESFQR]

FIGS. 2 to 4 illustrate first to third modes of a
cross-sectional shape of a conventional silicon wafer
having a diameter of 300 mm. Each of FIG. 2(a), FIG.
3(a), and FIG. 4(a) shows a silicon wafer polished into
a shape that an outer periphery rises (which will be
also referred to as a rising shape hereinafter) to
suppress sag. The rising shape means a shape
represented by H in FIG. 3(a), for example. Here, as
shown in FIGS. 2 to 4, the rise increases in the order
of FIG. 2, FIG. 3, and FIG. 4. FEach of FIG. 2(b), FIG.
3(b), and FIG. 4(b) shows a cross-sectional shape of an
outer peripheral portion of the silicon wafer, a
reference line (a broken line) of SFQR, and a reference
line (a solid line) of ESFQR. Although SFQR or ESFQR is
essentially calculated from a reference surface of a
cell size, temporary SFQR or ESFQR was calculated with
use of reference lines obtained by the least-square
method from data of the cross-sectional shape of the
silicon wafer in order to facilitate understanding an
influence of the cross-sectional shape of the silicon

wafer on SFQR or ESFOQR.
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[ 1 nfl uence of Change in Shape from Wafer Center to Quter Periphery on

Fl at ness | ndexes] Then, the present inventors focused on a change in
shape fromthe wafer center to the outer periphery and conducted sinul ation
in regard to an influence of a change in shape fromthe wafer center to the
outer periphery on the flatness indexes. FIG 6(a) shows cross-sectional
shapes of three silicon wafers used in the sinmulation. FIG 6 shows
cross-sectli06R&l] shapes of silicon wafers having a center convex shape that
an anount of change in shape fromthe ce to_the outer periphery is 200
nm when a posit?%geﬁhgggeae@ﬁaﬁﬁﬁiﬂh(gﬁéggﬁéd%a?o Egﬁrgﬁg?gsafaﬁ'outer

peri pher alregagnstraizte PAsiA ingh) £ +6maa PRSEELOButhat ples ithdmaiavayd fremt he
outer peripheral end (140 mmfromthe center) (0), when the outer

peri pher aFedag sstzgr wagosiadwred sta pes?bi BRxBham, i 808 #hsfrom t he out er

per | pher ak <¢84 b 14> iNd T AME Ne: SRR e1 1 nlP) wadndpthendg, shape 1S changed

fromthe center to the outer periphery w e sane curvature (A). It is
t o be not édashatscmadicamett@rodf dackewide coanwafige £sc308imm JMW037] Each of
FIGS. 6(b (d). shows the cross- sectional, K shape qf the outer peripheral
or ti on oP SERE' Weie B VS by Aot CALRTRARG. S i SForaih 11 hes of QR
and ESFQRywaBaseduer it g@%pm agd FSEQRe 6t agaeh asi Idee@roinaf £r4 shown in

t

FIG 6 were cal cul at ed. is to be noted that the reference Iines were
defi ned | PRE@SHEETERANIeI shovs | e FeE8ingdand 3, r&9d OSSFAR &N ESFQR wer e

al so obtajped |ike the e l.es shown in FIGS.. 2 an . ..[.0Q38 Tabl e
3 shows ib@ ggs&%t#&ﬁfwggﬁﬁgg%ﬁﬁhgﬁé 6%%F?$o%¥%%ﬁp%gf§ HL gﬁm%%ﬁLFIGS. 6(b)
and (c) thatl SRERrafe feSHER Iatree nOthénproked éver)i fvatshelsagirsd@riby posi ti on

is shifted to.the wafer outer%ggriph r ide and the flat portion is

| d
enl arged. CPRBwSaR E T ATE A0S contks, ShapRLEhaP cHaRgEe o t he waf er

center wi bhtt he tame eCuard iise Vol Hes (0hebprBxSHQR iaRd ESFGRawre greatly
reduced (FIG 6(d)). As a result, it can be understood that an ideal wafer

shape i s Ba¥éAder domEbh sHape Mhatn@hhhgescframices ldém efth® its outer
i ph hth t a : t aicni i ng such a
perip eryS%ﬁEB|ﬁ3%§§ QﬁfQ#%ﬁﬁ%g%gﬂéﬁgggvfénggg.%E @%QHQ1WQJ. hQ@Vé g su

shape is actua i'fficu sinmuFation of each silicon wafer
havi ng a dantitaehuralbles vstmapes W@R zodadusied. ck00Be| asFabiexl 3] Shape Anopunt

of change[583o]

Table 1 shows a result. SFQR of the silicon wafer
shown in FIG. 2 and FIG. 3 is as substantially the same
as approximately 40 nm, and a displacement at a position
that is 2 mm from the outer peripheral end (148 mm from
the center) and a displacement (ROA) at a position that
is 1 mm from the outer peripheral end (149 mm from the
center) were substantially the same as approximately 130
nm. However, ESFQR of the silicon wafer in FIG. 3
having the outer periphery rise is approximately 30 nm
better than the silicon wafer in FIG. 2. Therefore, to
improve ESFQR, it can be understood that polishing to
form a shape that the outer peripheral portion slightly
rises as shown in FIG. 3(b) is effective. 1In the
silicon wafer in FIG. 4 having the maximum rise to
improve ESFQR, although ESFQR is improved in the silicon
wafer in FIG. 4 having the slight raised shape to
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shape (nm Anount of change in shape fromcenter to outer peripheral sag
start position (nnm) Quter peripheral sag start position (mm) Anount of sag
(nm SFQR (nm ESFQR (nm) FIG 6(b) Flat shape 200 0 5

improve ESFQR, SFQR is hardly improved with improve
ESFQR and having the maximum rise due to an influence of
a inflection point from a rise to a sag. That is, in a
conventional wafer manufacturing method, it is difficult
for the conventional wafer manufacturing method for
polishing that forms the rise to cope with flatness
demand which will become more severe in the future. 1In
particular, when improving SFQR and ESFQR at the same

time is demanded, meeting the demands is difficult.

[0031]
[Table 1]

Shape Outer Amount SFQOR ESFQR
peripheral | of sag (nm) (nm)
sag start (nm)
position
(nm)

FIG. 2 Rise 5 130 39.9 162.5

(small)

FIG. 3 Rise 5 130 39.6 135.7

(medium)

FIG. 4 Rise 5 60 37.3 8l.6

(large)

[0032]

[Influence of Unevenness of Silicon Wafer on Flatness
Index]

To find out a method for improving both SFQR and
ESFQR at the same time, the present inventors conducted
simulation in regard to an influence of unevenness of a
silicon wafer on flatness based on a shape of a current
silicon wafer. FIG. 5(a) shows cross-sectional shapes
of three silicon wafers used for the simulation. FIG. 5
shows cross-sectional shapes of silicon wafers in case
of a flat shape (0), in case of a center concave shape
(a position at an outer periphery that is 10 mm from the

center is 100 nm thicker) (9¢), and in case of a center

convex shape (a position at an outer periphery that is
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200 48.4 185.1 FIG 6(c) Flat shape 200 0 10 200 44.8 172.2 FIG Change

10 mm from the center is 100 nm thinner) (A). In this
simulation, these three silicon wafers have the same sag
shape on the outer side that is 10 mm from the outer
peripheral end (140 mm from the center). It is to be
noted that a diameter of each silicon wafer was set to
300 mm.

[0033]

Fach of FIGS. 5(b) to (d) shows a cross—-sectional
shape of an outer peripheral portion of a silicon wafer
having each shape and reference lines of SFQR and ESFQR.
Based on these, SFQR and ESFQR of each silicon wafer
shown in FIG. 5 were calculated. It is to be noted that
the reference lines were defined like the examples shown
in FIGS. 2 and 3, and SFQR and ESFQR were also obtained
like the examples shown in FIGS. 2 and 3.

[0034]

Table 2 shows its result. In case of a silicon
wafer having the center concave shape, SFQR was on an
intermediate level, but ESFQR was the worst (FIG. 5(b)).
In case of a silicon wafer having the flat shape, ESFQR
was the best, but SFQR was the worst (FIG. 5(c)). In
case of having the center convex shape, SFQR was the
best, and ESFQR was on the level close to the flat shape
that leads to the best result (FIG. 5(d)). As a result,
it can be understood that the center convex shape
facilitates achieving both SFQR and ESFQR. That is, to
improve both SFQR and ESFQR, a shape (a convex shape)
that enables respective virtual lines of SFQR and ESFQOR
to have inclinations that are as the same as possible.
[0035]

[Table 2]

Shape Quter Amount SFQOR ESFQR
peripheral | of sag (nm) (nm)
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200 - 1.8 33.8 6(d) fromcenter to outer periphery with sanme curvature

sag start (nm)
position
(mm)
FIG. Center 10 200 42.3 . 1185.0
5(b) concave
shape
FIG. Flat 10 200 44 .8 172.2
5(c) shape
FIG. Center 10 200 40.3 174.7
5(d) convex
shape
[0036]

[Influence of Change in Shape from Wafer Center to Outer
Periphery on Flatness Indexes]

Then, the present inventors focused on a change in
shape from the wafer center to the outer periphery and
conducted simulation in regard to an influence of a
change in shape from the wafer center to the outer
periphery on the flatness indexes. FIG. 6(a) shows
cross—-sectional shapes of three silicon wafers used in
the simulation. FIG. 6 shows cross-sectional shapes of
silicon wafers having a center convex shape that an
amount of change in shape from the center to the outer
periphery is 200 nm when a position where a change in
shape due to sag starts(an outer peripheral sag start
position) is a position that is 10 mm away from the
outer peripheral end (140 mm from the center) (0), when
the outer peripheral sag start position is a position
that is 5 mm from the outer peripheral end (145 mm from
the center) (0), and when the shape is changed from the
center to the outer periphery with the same curvature
(A). It is to be noted that a diameter of each silicon
wafer is 300 mm.

[0037]
Fach of FIGS. 6(b) to (d) shows the cross-

sectional shape of the outer peripheral portion of the
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[0040] [Sinmulation of Silicon Wafer havi ng Manuf act urabl e Shape]
Subsequently, the present inventors conducted simulation in regard to each
silicon wafer having a manufacturable shape. FIG 7(a) shows
cross-sectional shapes of three silicon wafers used in the sinulation. FIG
7 shows cross-sectional shapes of silicon wafers having a center convex
shape (a thickness at a position that is 10 mmfromthe outer peripheral
end i s 108iAdcohi madre Hmjtr‘rtateﬂhtﬂsﬂeap@n@ed) reffetreagcadourgs off change in
shape fro e ntef-dL the Qu | her en a osition
where a c%kéﬁ aI%% tE% ;9teRstar O;an ou e$ pe%‘%%e g ggg&,gtart e%o Ition) is
a positi oaluhabnl % alf@ rimeranay Jfrt om ¢ hee owkéee peticpharald.endt( 140 gon from

t he center) (o) ,. when an anmount of sag.is a half, i.e., 100 nmrelative to

the waf er P&hBRE eAndinedt oy O FFRCandi RREnVERE B6fereferiiftferdle sag start
POSi L1 on 52018 Loy hey Quier periphesal ,8ndsEda0-am hiami hecenter) in

the wafer shape indicated by 0 (A). is to be noted that a dianeter of
each sili eéﬁovvezb@ram@dsa(lkﬁntk[@mamples skagh oh FIGS.. Z(lnd o3 (d) shows
t he Crossy %él onal shape of the outer peripheral portion of the silicon
waf er havi g dch shape and reference |ines of SFQR and ESFQR. Based on

these, SFQR andr&SFQR30Eheaeh isid ixequ maf errshown v HderJrveHe
calculated. It is to be noted that the reference Ilnes were defined |ike

the exanpf&SMsREWRAILE SOIrGRe Dieakl BLGand® SFORRAA E$F(§1‘\’a\7\3erseFQPal%%d obt ai ned
l'ike the gxapRl 6% Shown i), F&R & &nd; 8. tﬂgoégés-ﬁ@r% b0 %gl t ar esult.

It can be understood from conpari son between Fl 7(b) t
reduci ng shefapduno dhesag fyr hakfeenabdt éshenmpiloeinag shoteh asreQ%he

flat portion is enlarged. However, in the center convex
shape that changes from the wafer center with the same
curvature, values of both SFQR and ESFQR were greatly
reduced (FIG. 6(d)). As a result, it can be understood
that an ideal wafer shape is a center convex shape that
changes from its center to its outer periphery with the
same curvature. However, obtaining a wafer having such
a shape 1is actually difficult, and hence simulation of

each silicon wafer having a manufacturable shape was

conducted.
[0039]
[Table 3]

Shape Amount | Amount of Quter Amount | SFQR | ESFQR
of change in |peripheral |of sag | (nm) | (nm)
change | shape from|sag start (nm)
in center to |position
shape outer (mm)

(nm) peripheral

sag start

position

(nm)
FIG. | Flat 200 0 5 200 48.41185.1
6 (b) | shape
FIG. | Flat 200 0 10 200 44.81172.2
6(c) | shape
FIG. | Change 200 - - - 1.8 |[33.8
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and ESFQR. However, it can be al so understood from conpari son between FIGS.

7(b) and

(d) that an inprovenent becones nore effective when the outer

peri pheral sag start position is noved toward the center. [0043] [Table 4]
Shape Anount of change in shape (nm Anmount of change in shape from center

to outer peripheral sag start position (nn) CQuter peripheral sag start
posi ti on—{m—Anpunt—of sag {(nm
E(d§ from o
center to
outer
periphery
with same
curvature
[0040]

[Simulation of Silicon Wafer having Manufacturable
Shape]

Subsequently, the present inventors conducted
simulation in regard to each silicon wafer having a
manufacturable shape. FIG. 7(a) shows cross-sectional
shapes of three silicon wafers used in the simulation.
FIG. 7 shows cross-sectional shapes of silicon wafers
having a center convex shape (a thickness at a position
that is 10 mm from the outer peripheral end is 100 nm
thinner than that of the center) that an amount of
change in shape from the center to the outer periphery
is 300 nm when a position where a change in shape starts
(an outer peripheral sag start position) is a position
that is 10 mm away from the outer peripheral end (140 mm
from the center) (0), when an amount of sag is a half,
i.e., 100 nm relative to the wafer shape indicated by ©
(¢), and when the outer peripheral sag start position is
20 mm from the outer peripheral end (130 mm from the
center) in the wafer shape indicated by o (A). It is to
be noted that a diameter of each silicon wafer is 300 mm.
[0041]

Fach of FIGS. 7(b) to (d) shows the cross-
sectional shape of the outer peripheral portion of the
silicon wafer having each shape and reference lines of
SFQR and ESFQR. Based on these, SFQR and ESFQR of each
silicon wafer shown in FIG. 7 were calculated. It is to
be noted that the reference lines were defined like the

examples shown in FIGS. 2 and 3, and SFQR and ESFQR were
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SFQR (nm) ESFQR (nm) FIG 7(b)
174.7 FIG 7(c)

also obtained like the examples shown in FIGS.
[0042]
Table 4 shows its result.

from comparison between FIGS. 7(b) and

(c)

2 and 3.

It can be understood

that reducing

the amount of sag by half enables improving both SFOR

and ESFQR. However,

comparison between FIGS. 7(b) and (d) that an

improvement becomes more effective when the outer

it can be also understood from

Center convex shape 300 100 10 200 40.3

peripheral sag start position is moved toward the center.
[0043]
[Table 4]

Shape Amount | Amount of Outer Amount | SFQR | ESFQOR
of change in |peripheral |of sag | (nm) | (nm)
change | shape from | sag start (nm)
in center to |position
shape outer (mm)

(nm) peripheral
sag start
position
(nm)
FIG. | Center | 300 100 10 200 40.3(174.7
7 (b) | convex
shape
FIG. | Center | 300 100 10 100 15.1]76.0
7(c) | convex
shape
FIG. | Center | 300 100 20 200 3.1 62.8
7(d) | convex
shape
[0044]

[Correlation between Outer Peripheral Sag Start Position,

Amount of Sag,

SFOR,

and ESFQR]

Subsequently, multiple regression analysis was

conducted in regard to a correlation of an outer

peripheral sag start position,

peripheral sag,

SFOR,

an amount of outer

and ESFQR by selecting each

that has a center convex shape as its wafer shape

has an outer peripheral sag start position and an

wafer
and

amount

of sag which are different from each other and using
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Center convex shape 300 100 10 100 15.1 76.0 FIG 7(d) Center convex shape
300 100 20 200

SFOR and ESFQR calculated from a cross-sectional shape.
Table 5 shows data used for the analysis. It is to be
noted that the outer peripheral sag start position and
the amount of sag were visually observed from the cross-
sectional shape. As to SFQR, a high correlation, i.e.,
a correlation coefficient R=0.82 was obtained. Likewise,
as to ESFQR, a high correlation, i.e., a correlation
coefficient R=0.85 was obtained. FIG. 8 (a) shows a
relationship between the outer peripheral sag start
position, the amount of sag, and SFQR obtained from the
multiple regression analysis, and FIG. 8(b) shows a
relationship between the outer peripheral sag start
position, the amount of sag, and SFQR obtained from the

multiple regression analysis.

[0045]

[Table 5]

Outer Amount of sag | SFQR (nm) ESFQR (nm)
peripheral (nm)

sag start

position (mm)

100 50 1.62 17.06
100 100 2.50 16.92
135 70 20.11 51.71
140 45 21.59 38.74
140 50 23.99 43.03
140 70 38.78 92.56
140 100 31.74 86.10
140 150 29.77 87.37
144 30 14.39 25.83
145 20 9.59 17.22
146 30 19.061 27.77
147 20 13.07 18.51
148 20 15.29 19.17
[0046]

As a result, it can be understood that, if the
outer peripheral sag start position is 20 mm or more
away from the outer peripheral end and the amount of sag

is 100 nm or below, a wafer having SFQR of 25 nm or less
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44] [Correl ati on between Quter Peripheral Sag Start Position,
iml)ugtz gf [Sgg ]SFER and ESFQR] Subsequently, nultiple regressi onI
anal ysis was conducted in regard to a correlation of an outer peripher ab
sag start position, an amount of outer peripheral sag, SFQR and EﬁFQ? yd
sel ecting each wafer that has a center convex shape as its wafer sl aﬁe an
has an outer peripheral sag start position and an anobunt of sag which are
di f f erent®Ffo EQgh oét HEr nencsiary SEQRando ESFARJcal cukaked frrem a

- j - | shows_dat.a used for the analysis. It is to
ggoigt ch%‘%gtgatbﬁ:gggt%glri%gfiﬁlﬁﬁc&ralwas%egr A" PosPEoR SRAPENe Zifbunt of sag

i | i i E a high
vi suahighobsetied efrmamatthercriosse:sest i Hnahrshapee At @ SE : (
\(l:\g(rael atio y correlation coefficient R=0.82 was ol?t ai ne?.%q_l kew se,

as to ES r‘ié"’ﬁ%ha%ﬁlé?a@%ﬁ/ slece £Bd6t ra atiorbeoss i Chent R-0. 8§a\é\/as
i ’ j i .t he _out er periphera
obt ai ned. £ &refa) cshousHBrLEl 2l %?&J%%\%‘?}%e nfHkRE REY

iti Itiple
start position, the anount of sag, a ! . :
i candhpral bt ishows: e rehatnonshi pagetwean the outer
bori pher otrﬁ%n%‘llpgrsp oA oy nt of sag, and SF(%? obt ai ned from

Phe. ful ¢ oo raer ter BRERRaPors [or004S) (ot 4 1S GUrer Speri biieral sag
start posiupmrgss)ndnohat afbus@golfNag to 100 nm or less.
[0047]

Based on the above-described results, the present
inventors discovered that, when a semiconductor wafer
shape is a center convex shape and has an amount of sag
(a displacement from an outer peripheral sag start
position to a position that is 1 mm away from an outer
peripheral end toward center) being set to 100 nm or
less or preferably 70 nm or less and has an outer
peripheral sag start position is 20 mm or more away from
the outer peripheral end preferably the outer peripheral
sag start position is away from an outer peripheral
portion as a ESFQR measurement target (the outer
peripheral sag start position is 36 mm away from the
outer peripheral end when a cell size of ESFOR is 1 to
35 mm), the indexes, e.g., SFOQR, SBIR, ESFQR, ZDD, ROA,
and others can be met at the same time regardless of an
edge exclusion or a reference surface. Moreover, they
also found out that, when the displacement from the
central portion to the outer peripheral sag start
position is 100 nm or less, GBIR which is an overall
flatness index can be suppressed without being affected
by SFQR, SBIR, ESFQR, ZDD, ROA, and others, thereby
bringing the present invention to completion. The
present invention will now be described hereinafter in

more detail.
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SFQR(NM ESFQR(nn) 100 50 1.62 17.06 100 100 2.50 16.92 135 70 20.11 51.71

[0048]
[Semiconductor Wafer]

According to the present invention, there is
provided a semiconductor wafer having sag formed at an
outer periphery at the time of poclishing, wherein a
displacement of the semiconductor wafer in a thickness
direction is 100 nm or less between a center and a outer
peripheral sag start position of the semiconductor wafer,
and the center of the semiconductor wafer has a convex
shape, an amount of outer peripheral sag of the
semiconductor wafer is 100 nm or less, and the outer
peripheral sag start position is away from an outer
peripheral portion of the semiconductor wafer toward the
center or 20 mm or more away from an outer peripheral
end of the semiconductor wafer toward the center, the
outer peripheral portion being a measurement target of
ESFOQOR.

[0049]

First, FIG. 1(a) shows a schematic cross-sectional
view of a semiconductor wafer according to the present
invention, and FIG. 1(b) shows a schematic enlarged
cross-sectional view of an outer peripheral portion of
the semiconductor wafer. An outer peripheral cross
section of a semiconductor wafer 11 is formed of
straight lines and curved lines having a substantially
fixed curvature (FIG. 1(b)). Specifically, the
semiconductor wafer 11 is constituted of a center 12, an
outer peripheral sag 13, an outer peripheral sag start
position 14, an outer peripheral end 15, a front surface
16, and a back surface 17. Additionally, a displacement
of the semiconductor wafer in a thickness direction
between the center and the outer peripheral sag start

position of the semiconductor wafer is denoted by A, an

25



140 45 21.59 38.74 140 50 23.99 43.03 140 70 38.78 92.56 140 100

amount of outer peripheral sag of the semiconductor
wafer is denoted by B, a length from the outer
peripheral end to the outer peripheral sag start
position is denoted by C, and a portion between the
center and the outer peripheral sag start position of
the semiconductor wafer is denoted by D, and an edge
exclusion is represented by E, and an outer peripheral
portion of the semiconductor wafer as a measurement
target of ESFQR is denoted by F (FIG. 1(b)).

[0050]

In the semiconductor wafer 11 according to the
present invention, the displacement A of the
semiconductor wafer in the thickness direction between
the center 12 and the outer peripheral sag start
position 14 of the semiconductor wafer is 100 nm or
below, and the center 12 of the semiconductor wafer has
a convex shape (FIGS. 1(a) and (b)). If the
displacement A from the center 12 to the outer
peripheral sag start position 14 is 100 nm or less, GBIR
as the overall flatness index can be suppressed.
Further, when such a center convex shape is provided,
respective virtual lines of SFQR and ESFQR approximate
the same inclination, and hence both SFQR and ESFQR can
be achieved.

[0051]

Furthermore, according to the semiconductor wafer
of the present invention, it is preferable for the
amount of outer peripheral sag B of the semiconductor
wafer 11 to be 100 nm or less, or preferably 70 nm or
less (FIG. 1(b)). Moreover, according to the
semiconductor wafer 11 of the present invention, the
outer peripheral sag start position 14 is away from an

outer peripheral portion of the semiconductor wafer
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31.74 86.10 140 150 29.77 87.37 144 30 14.39 25.83 145 20 9.59 17. 22

»toward the center or 20 mm or more away from an outer
peripheral end of the semiconductor wafer toward the
center, the outer peripheral portion being a measurement
target of ESFQR (FIG. 1(b)). When the outer peripheral
portion having such a shape is adopted, SFQR becomes 25
nm or less, ESFQR becomes 70 nm or less, the
semiconductor wafer having the plurality of flatness
indexes improved at the same time can be provided, and
GBIR can be suppressed to 250 nm or less. 1In particular,
if the amount of outer peripheral sag is 70 nm or less,
the semiconductor wafer having the further improved
flatness indexes, e.g., SFOQR, ESFQR, ZDD, ROA, GBIR,
SBIR, and others can be obtained.

[0052]

It is to be noted that the semiconductor wafer
according to the present invention is not restricted in
particular as long as it meets the center convex shape,
the amount of outer peripheral sag, and the outer
peripheral sag start position, and it may be either a
silicon semiconductor wafer or a compound semiconductor
wafer.

[0053]

Additionally, as a result of examining a method
for obtaining the above-described semiconductor wafer,
the present inventors found out that the semiconductor
wafer having the center convex according to the present
invention can be relatively easily manufactured under
polishing conditions, discovered that the outer
peripheral sag caused due to deformation of a polishing
pad can be controlled and a target amount of sag can be
obtained by selecting the polishing pad with hardness
that is resistant to deformation, and brought the method

for manufacturing the semiconductor wafer according to
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146 30 19.61 27.77 147 20 13.07 18.51 148 20 15.29 19.17 [0046]

the present invention to completion. A method for
stably obtaining a silicon wafer having the above-
described shape will now be described hereinafter.
[0054] |

[Method for Manufacturing Semiconductor Wafer]

To manufacture the above-described semiconductor
wafer, according to the present invention, there is
provided a method for manufacturing a semiconductor
wafer comprising a polishing step of polishing the
semiconductor wafer after slicing a single-crystal ingot
to obtain the semiconductor wafer and chamfering and
flattening the semiconductor wafer,

wherein, at the polishing step, the semiconductor
wafer is subjected to double-sided polishing in such a
manner that a displacement of the semiconductor wafer in
a thickness direction becomes 100 nm or less between a
center and an outer peripheral sag start position of the
semiconductor and the center of the semiconductor wafer
has a convex shape, and

one side of the semiconductor wafer is then
subjected to chemical-mechanical polishing in such a
manner that an amount of outer peripheral sag of the
semiconductor wafer becomes 100 nm or less and the outer
peripheral sag start position is away from an outer
peripheral portion of the semiconductor wafer toward the
center or 20 mm or more away from an outer peripheral
end of the semiconductor wafer toward the center, the
outer peripheral portion being a measurement target of
ESFQR.

[0055]
[Preparation of Semiconductor Wafer to be polished]

In the method for manufacturing a semiconductor

wafer according to the present invention, although not
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As a result, it can be understood that, if the outer peripheral sag start
position is 20 mmor nore away fromthe outer peripheral end and the anopunt
of sag is 100 nmor below, a wafer having SFQR of 25 nmor |less and ESFQR
of 70 nmor |ess can be obtained. Further, in case of a sem conductor wafer
havi ng such a shape, ZDD which is the evaluation index of a curvature can
be al so inproved. Furthernore, since SBIR as the backsurfacereference

cor r espondsStE 15 tEk fley drget ienlaf ckaessmpfonHocootremagerni pheriadheart i on
(the anoup S [ ] deterjoration facto it can be inproved
by suppr esgs/i gget%g)lalﬁo\ﬁrﬂ%ooﬂé%g%dt%griokﬁgn%r?)?aﬁgs. F%ﬁéﬁﬂ a Based on
t he abovesdésénibbedepesf tssl,idhey pi esenglénvepteas dnseevereddhat, when a
sem condugt Qr waf er,. shape is_a center convex shape and has an anmount of sag
(a di spl aterBhRt PP Y Todtae hek§ phef 5PrBag - stArfepdsft f6/ to a position
that is Imanuawayufhe %ﬂé@ﬁfﬂoﬂﬁﬂé@@?rfﬁg@@diﬁoﬂ@Edr%%@fygté§iqg set to
100 nmor less or preferably 70 nmor | ess and has an outér peri p:'heral sag
start posPEFbhCHda2e mmcor nisrlel dwegwi romtlhhe sutkr aperi pheral end

pr ef er abl - i ral st.art, positi is.away froman outer
peri pher a?lz%gf?%?gﬁﬁgsR%[tl}:j%%ﬁrrec;@%?eetn%%a) t Af gt 9??ﬁ§188t éP%er i pheral sag
start posh¢lbhngsm86hom gway H7 eamedhel outes peripheral nendiwhen a cel | size
of ESFQRrins 1 50.35 my), the indexes, e.g., SFQR SBIR, ESFQR, "ZDD, ROQA,
and ot her's®taRIphS nBP tatr ehd IdRd tither 3 eghe @l @55 ahdaAlédgacexwirusi on or a
ref erenceosucs a6eedMBLEOVET ustifRy A Sy foung; ot Lhak, ;uhen the

di spl acenent fromthe cenfral portion to the outer peri pﬁer’al sag start

posi ti on M&l ADOvhAeoFakessr GBIER MHicch iSsiareuwertaly, f4 athesseiridgx can be
suppress |t heu i .affected by SFOR, .SBI ESFOR, ZDD, ROA, and

ot her s, %ﬂ%%b?lgb%%g%%gl?ﬁe%&é)suécr%r BV ot PRbhpPBt Pénththe present

i nvent i orami¢omduc berdeaceirbew thareidnaly edthif 0Ieidgt akkp HG048]

[ Sem condéjoct or Wafer According to the present invention, there is
provi ded ‘& Semi €onda ?’Bﬁe%ﬁfj_epoﬁéﬁoﬁ’g ‘SapFortEtedt dinouteftperi phery at
the tine fafaodd shd nﬁt_eﬁﬁh@"fe'f'la%t%'nﬁmga%rgeﬁicé#gu?gg]rcgvn%lé%t or wafer in
a thickness direction is 100 nmor |ess between a centeéer and & outer

peri pher AN sedrat ppBet cbande rtimg sermmcordusd ori eaf eut . andheéhe center of
t he sem gongduct,or h a.convex shape, .an anpunt of outer peripheral
sag of the sem co%%ﬁ%?%? %% erl%icgu%(?oan FPIEES g heTobEéR%per i pher al

sag startstsysi tdaroretshamaystepm andoutere Rer i phenal: Rordpon. of the
sem condu etsocr 'V‘kéaffr toward the center or 20 nmor nore away from an outer
per i pher &1°%{d 01 thetReni EBRIGERIF OREISTE Ao R & Heo cenit eplishedout er

peri pher dlarpeyd iorehed &g, a nmeasurenent target of ESFQR [ 0049]
First, FIG 1(a) shows a schematic cross-sectional view of a sem conduct or
waf er acé@roé’i@g to the present invention, and FIG 1(b) shows a schenmatic

enl ar ged ¢19 : i vi ew of an outer peripheral portion of the
[®lo %%H¥%§.§%§$%

sem conduct or wa uter peripheral cross section of a sem conductor

wafer 11 is folnedask siff ai ghtlidsaesvandrcuavedgl hnes hawidw &
subst ant i3%I I Mi xed curvature (FIG 1(b)). Specifically, the sem conductor
waf er % std AREL NG Rehbed p2seshogurercqmdripheian sfg 13, an

outer petbpberalsisRI I dnL POSI LLAN 1an er. perd al _.end 15, a front
surface 16, and a bacﬁ? surfacz 17. Zéﬁigti or?glléltey,pogeldgikg{p}ﬁa cefrent of the

sem conddEREFrakdieradapted hi dknesisopli ¢ est aonahetween ft hevcent er and t he

outer pechhetal SA%hA . POSh 11 9R1 8, B8 RSN ST L, vl gy Ls denoted

shape by a double-side polishing machine is preferable.
In the double-side polishing, a silicon wafer having a
center convex shape can be relatively easily created.
Specifically, a method such as that in Japanese
Unexamined Patent Publication (Kokai) No. 2003-285262

can be used. Further, even in case of a double-side
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anount of outer peripheral sag of the sem conductor wafer is denoted by B,
a length fromthe outer peripheral end to the outer peripheral sag start
position is denoted by C, and a portion between the center and the outer
peri pheral sag start position of the sem conductor wafer is denoted by D,
and an edge exclusion is represented by E, and an outer peripheral portion
of the sem conductor wafer as a neasurenent target of ESFQR is denoted by F
(FIG 1(bpplipbas@g] machine |hptheg sepi eondaceed Unafent] nesdeoridimg to the
present inyentiqn, i of . em d r fer in the
thicknessgﬁi?e%&?&ﬁ&%g¥ﬂé§ﬁhfﬁgﬂgg%ié? %ﬁigﬁagtﬁé%%gtggkgé} pheral sag
start postcthoprléoofvethessgr condust osbwaf eedi pyla@d jnmtdamdel oy s and t he

center 12 of the sem conductor wafer has a convex sha FIGS. 1(a) and
(b)). If FHEdaFéﬁF‘écené\&ttgﬂqurﬁ tsdél%e‘?ﬁ%]rgﬁ% £ e?hsgga%‘@fchﬁélrlicaﬂeral sag

start pospbi@Bhidgl nt@0 IMNtd BsSng BAR asnthe everald fHaldesscindex can
be suppressed. Further, when such a center convex shape is provided,

respect i vésviitdalculitnee oft SHQR @itk ESFORIappirexi sheeet e ame

inclinati : both SFOR and e.achieved. [0051
Furthernn?g?lgggogggﬁgttéﬂ?ﬁgl éﬁ?d%n%%%%%ﬁggg grtg% Fﬁg pf%é%h e%nvention,
it is prepelabhenbor st e svaning. ofFundtesriperd phenahgsag Boofi sthieg

sem conductor wafer 11 to be 100 nmor less, or preferably 70 nmor |ess

(FIG 1(bSPNNbrLesver? ASHTHAISFS 't He 3efl@BRAGEESE dFerdolP ¥~ t he

present iByenki g8l iLME RUURIadReri Pher lasagi shakh PeSdtiQn vkd §s away from
an outer peripheral portion of the sem conductor wafer toward the center

or 20 mm bhigoie awdy Pinedarab lout erThxard fohes al 2 endtbpdt e rsdéwirodmduct or
waf er toward_ th nter, the auyter ripheral porti.on.bein measur enent
t ar get orgﬁsﬁéﬁgﬁﬁﬁef%ﬁﬂ%)?y Léﬁl?éﬁ?%ﬁt%%gﬁgrPSEéPalnﬁbF%an havi ng such
a shape i supdeptedngSEQR dregmEioREr M 9figl BgS thESEQRhec@®REFO0 nm or

| ess, the sem conductor wafer having the plurality of flatness indexes

i nproved aPCPhe2dams Cidhe Can AR piiovidedS BRELEBPRICan be suppressed to
250 nmorhegssy In particular, if the amount of outer peripheral sag is 70
nmor |ess, the sem conductor wafer having the further inproved fl atness

i ndexes, e.g., BFRRIESFQRasZDBs cROke CRIRVESBI e apgnothadsctanr be
obt ai ned. 2] . Lt js to.,be noted that the sem conductar fer
accordingw%gg?h%spﬁggéﬁftﬁﬁtéh ﬁgﬁsiso%%?ergé ?90 8 lfgl65}f$%3ﬂ5¥@as | ong
as it needsdibpleeninehtCaivexheshapel cédhduatountvadbrounern perighesas sag,
and the ouyter ggripheral sag start position, and it nay be either a silicon

sem conduGt bFChafPBr C8r &< UHY Yenm edRdREtBFeRafer. ea053] and

Addi tionathy, o88e? pESYIhOa BXAE Ningra gBLhed hot robta ning the
above-descri bed sem conductor wafer, the present inventors found out that

t he seni coptbcppduggber wedham@pndetleententeonvéx thecsedilmpndiater pr esent
inventio be_re ively iy .manuf re nder li shi ng copditions,
discovergﬁgﬁﬁgtg?hekgbfeﬁ’6§§$%:%r%ﬁa %gaﬁéggeghgugvfg%géf5?&%%?dﬁpof a

pol i shi ngtpadwe@srbe scantrdd ed; artte addalb yet sadgeupb 1afshsagy can drei obt ai ned
by selectingnthe polishing pad with hardness that is resistant to

def or mat i BATP8Ad BrBEGhE T Sret Fod” FbF Utrantf BEFU PTG e a5Ehi dfRict or
waf er accordif9ikQtes the same inclination, both SFQR and ESFOR

can be achieved.
[0058]

Moreover, as described above, one side of the
semiconductor wafer is subjected to the chemical-
mechanical polishing so that an amount of the outer
peripheral sag of the semiconductor wafer can be 100 nm
or less and an outer peripheral sag start position can

be away from an outer peripheral portion of the
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the present invention to conpletion. A nmethod for stably obtaining a
silicon wafer having the above-descri bed shape will now be descri bed

herei nafter. [0054] [Method for Manufacturing Sem conductor Wafer]

To manuf acture the above-descri bed sem conductor wafer, according to the
present invention, there is provided a nmethod for manufacturing a

sem conduct or wafer conprising a polishing step of polishing the

sem condugend cwafderc tafn eva st cigwped sthgl ecsegst alr 2Agom tar obteén t he
sem condu [ fer and chanfering and. flattening the sem conductor wafer,
whor o . atornd 5H P ot dot efhen eBhafd: SPeudran e St ea T o
doubl e- si dedepoltiosfairty tHe st @r annerotibat pedipplacanmgydriofod he

sem conduct or wafer in a thickness direction becones 100 nmor |ess between

a center BRd"&En0lerS PeriPter'd "$2ly 3t aFfrBBsi t bR of "EhehsBHiGohduct or
and the cgpternef-aihg Semeanduct %ef‘@&%eaa§oaoﬁg@%gﬁ(tt§@%t@f‘d

one side of the sem conductor” wafer is then subjecte
cheni cal - pechahiecall politshimdrdnizsachuah nanakepehath@an anount of outer

peri pheral sag of, the sem conduct or bec s 100 nmor |ess and the
et er per PERAPaR o 2ot ALY She 1S R £F Ponrah SGucE et her a
portion ofsthe sen7oomaUEOr1 wd etah owar dot heneant @hdorcnd0 nm or nore away
froman outer peripheral end of the sem conductor wafer toward the center,

the out er SPBAFPREMEIT PortafhT BEI T @ weRsuFembAY Par dér TBIeESFQR [ 0055]
[ Prepar at&ﬁaegfessgmp&%%tactaoa é\%%aﬁ@ ngag%gﬁhsgl ma AR Dpd for

manuf acturing a sem conduct or er according to the present invention,

al t hough hot partestuliagt,ed fi ntlparanewhar o f aoseamircpraductheratafsrg pos i shed by
the follo 'ng nethgd Cantﬁf prepared. Fjrst ? slkcin sﬂgf of slicing a

si ngl e-cry8t A Phgat s ST E SEhTeohdhct3F Shaf'ér ¥ Jeit SIMEY. A met hod
for manuf aspubived &1semeonducdOtes NgOtichsSaBOFOBSt rAt@d, | Appar Roayl ar,
and a wel | -known net hod such as a Czochral ski nmethod (a CZ nmethod) or a
floating 8RB’ mEPLRng oMt KO Y&ty FR e hod}NEaRChE §sed. A slicing method
is not resppketed in particular, and slicing can be carried out by using an
i nner-dianmeter "slicer, a nulti-wire saw, or the |like. Subsequently, a

chanf ering steprddithanbteéliyngian tdyt evimpelre phidadl pbemnionlef the

sem conduct or _wafer, obtai ned by this slicin ep.,and form ng a chanfered
portion i%GSQ?P6Fﬁ%dP&ﬁh§Q%ﬂq@H%ta}?|%f?tﬁgﬁéagt§8 5¥”$%Q?Tening t he

sem condusinylwatedechaflarad vd tdhecichastertpgdstepd o ivedcout. The
flattening step can include a | apping step, a grinding step, an etching
step, andi®Bhefs2a WPPW MRS dbtRre-kiestihbed BREpSaViRE Saniftoiitict or waf er

to be poljghgdecanqhe opr epangd.c [0056]§ PoLishhAgSteRle nard
polishing pad having a Shore-D hardness of 55 or more.
Although the amount of sag in the chemical-mechanical
polishing varies depending on polishing conditions, a
degree of dependence on an amount of deformation of the
polishing pad is high, selecting such a hard polishing
pad enables obtaining a desired amount of sag by
adjusting the polishing conditions. Further, optimizing
a polishing load or the number of revolutions also

enables obtaining an amount of sag that is 70 nm or less.

EXAMPLES
[0061]

The present invention will now be more
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In case of a silicon wafer having a dianmeter of 300 nm a polishing nethod
based on a conbi nati on of doubl e-side polishing and singl e-side polishing
is generally adopted. To suppress an anount of sag in chem cal - mechani cal
polishing, formng a center convex shape by a doubl e-side polishing nmachi ne
is preferable In the doubl e-side polishing, a silicon wafer having a center
convex shape can be relatively easily created. Specifically, a nmethod such
as that iapéaﬁéne@élbmemggﬁamnbd%nQﬂﬁ1mhi¢écabhead(Koka&bnmﬁxeOﬂﬁdZSSZGZ

can be used Furth even case of _a double chlne

havi 0. nos SHABL Aa EASEmE T RcTrar $n F4E & bR FRRI AG Ve Tan e "5 oi | con
waf er haviggtaicerider L£amMex Sapei €aneenpbeal ned by adj usti ng dress

condi tions, AIthough a single-sided chem cal -mechani cal polishing enabl es
obt ai ni nglPRéLdent er convex shape, it is difficult to stably obtain a
desired sh 2PEm ggg a) desired amount of sag if a shape after the doubl e-sided

pollshlng s u stable Furt hernore, changi ng.polishing conditions in
accordance w t hAasshgpe- a&yemaﬂhanymﬂﬂwaslﬂhﬁuﬂmltehohgahaads to a

reduction in,product this is. not pref . Theref a met hod for
for i ng_ it D4BPE MeCRinE A% ithe? (oAITes SF el BOPS BT ne end "ibpr eesi g

outer pefSDBQE@h Sag by e sl ersd deda cheat eah=meCchanieal peld shing is
preferable, 057] Therefore, as described above, the sem conductor

waf er is $ub eéﬁ@dotfoat W@lﬂdtﬁﬁ%lcicﬁ?@lei@lobbﬂ%hiln@a§6lpl¢atdl§qjllcsﬁﬁcécen'ent of
t he sem cond f t qug d n or |ess

bet ween tﬁg géhgéF@%n?%t%§@§J{§ per?% e%%?f%ggeéggrtggbsq9|gﬁgof t he
senicondu@OOB ﬁﬁﬁé@Zan@d@msumﬂﬁENwaﬁ ther sed candueter wafretitcaonsave a
convex sh e overalkﬁih e of the wafer is forned by the

doubl e- si d anF| ﬁFﬁE%ﬁ%W@ﬂ% F, SSPheRNFRSPaEL 'Pd &F rtudl i nes of
SFQR and ESFQR,aBRr oXinml8%d heasase 106! hnabkeleehoth SR angh ESFQR can

be achi eved. [0058] Mor eover, as descri bed above, one side of the
senlcondu@ﬂo@uﬁﬁﬁepeﬂ§phﬂﬂxaﬁ%ﬁi%Eﬁﬁ%ep@ﬁéﬁi@alOﬁe@h&hlcal pol i shing so
that an agpyp {:o%ufctﬂ Okl}aefrexpeafr{c?h@ﬁ Pfo%h%h%e@e%%%‘ﬁc&l% fer can
be 100 nmor less an an outer perip era start position can be away

from an omaéerpeanpheww apardriwex ofhdbhe, aséndoobdec&omkmhfer toward t he
froman outer peripheral end of the

center or g ngg nore a
serm conduRPOF SRAPEr "ESWaRT THE TEnt €t the® outBr ' petf'pReP&C gt 1Sn being a
measur emept taegehitel %@%3%hé@&¥l§£§ ghenm gat haeebanicalsppld shing is
performed to obtain the outer peripheral portion having such a shape, the
seni condue® &t Shaner iraviotg Bpfeds @nh@?dlé§§téﬁ@eE§R3m(ﬁa¢TW®ﬁ1or | ess
can be ob e n u r I f flatness
i ndexes |Erlr%%§vg gt gtOlqesh ?r{aatcﬁ%r}% gvg}g{ 1lga%gnu g}é![lggé: l%}l Nglarstt?/c‘%)l ar, if
t he anDunmanﬁfeutameﬁehxﬂmmtﬁasﬁqp$slﬂ@onpboatbdss,ABhpoi&mhmeuctor

he nore |nprov d fl at ness i ndexe

waf er havi t ch SFOR, ESFQR, ZDD,
ron | e Marm: BRI Althas i ratat At tEgh, SHossaLotaRt
Addi ti onaktys chNnbhe sl ngl aslrgesdﬁ@eazcgloaegmambg@ a%ldssﬂ'éd‘gno't i s

preferable to perform’single-sided pollshlna o the sem™conduct or wafer
v

with use B &A0p8AweREn POPes Ho1d shhgcpabinavPhg an thskernr@ Frongss of 60
or nore o p y t 2type h pad re-D hardness
of 55 or %%?% 8 E§u§?Q%he aﬁ%u%@ggﬁgggggﬁhq¥he cﬂg%#%glﬁa§gﬁgn cal

pol i shi ngthar teatdependivexk arhfind | shi tgredadiei shapea adegraamatit dependence

on an anmount_ of deformation of the polishing pad_i,s high, electlng such a

hard pol i8RFRGUAHEE YAZHIES DBtAI MY A" desP EdPRIb SR TG usting
the pol i shihgageCondit la%n%pp%&rt&@r{w@pémbél N9 8nBYd $hidtg 4 oad or the
number of revolutions also enabl es obtaining an anount of sag that is 70 nm
or | ess. BXAWVPRBESe outer side position is lower than a turntable

center), an initial slurry supply amount was set to 4

»l/min, and polishing was performed in accordance with a

life of the polishing pad while appropriately adjusting

a slurry flow volume. One side of the semiconductor
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[0061] The present invention will now be nore specifically explained
herei nafter based on exanpl es and a conparative exanple, but the present
invention is not restricted to the follow ng exanpl es. [0061] (Exanple 1)
A single-crystal ingot was sliced to obtain a silicon wafer having a

di ameter of 300 mm and this silicon wafer was chanfered and fl attened.
Thereafter, with use of a doubl e-sided polishing machi ne disclosed in
Japanese Waéranivaed tPatre mulPidt i edt tontiKokhiehiNe 1l -2@E31-=28526R2, adj ust ment
was carri ecoi o%%‘iunder ch}r;dci[ti ons thaé a_di Sﬁ! acenment hof t.he sem conduct or
wafer in BROAPCRAESS iTEet iBh TBRTbe 200°HIThePideR S "eent3H9 atid an out er
peri pherytsgag sstaldorprsitid Oy of e £ heasept condughoanwaler and+ he center of

t he sem conductor wafer can have a convex shape, and doubl e-si ded poli shing
was perf oPREdPIATathiSe G (T rsifRel beelr FeRckeof Ot FE Gt o qferawher al  sag

due to the,.dguhbl.esi ]icpeq_l-i i [ oL cpLefe h r e foam
pad was uséd as aoglé:%?g ingl%%,g%/\h;é%ﬁ |&£ ég%c%%ﬁggloﬁglﬁﬁgléﬁé%uf actured
by N tta Haasrbncbrepareatted:. AR tpdlhishitigns] uasya polishing glrdsifve grains
made of coplloidal .silica havin rain _size of 0.05 i were adjusted to
ort 10.5, “BR8" FUETSRAg TR Tt o0t S0y - aSBBPIRng AT ofLobb of cro.
To stabl ywabtai Ast ke wafercdiamy nguibheg 6ent BE ke@ReX SRR s B4 Ur ntabl e
shape adj ustnent nmechani smwas used to form an upper polishing turn table

shape i ntB2BHappercComied isHapdias shaperphas tadtur Abablkd 1edtiag si de
position | r tur e Lnitd al sl ur suppl y anount
was set t%§ﬁlrgil>{>ﬁ‘i ﬁtoligt%c}lﬁﬁloqul S ?%%Pvmgsg%gﬁ‘gr f?[ngaglei ﬁ%agg&?c?;in%%l wth alife
of the pokishiaghpadnwhid eyapit opt tatefyoadpugini rgra slagragt dd ove vol une.
One side o e_sem conductqr, wafer was then subjected to the .

cheni cal -ﬂ'&cﬁlgniSCalanéjolgogrﬁ T YHat“ahta UHP%O#M%I&P[ & Briphe?al sag of
the sem copddchber 1waf g/ @dn be sheQ-MMmAhap HHbeht P8EI Bheyalinsag start
position can be 20 nmor nore away froman outer peripheral end of the

sem condutf8r NWAPEr Cdwdiay aliet keht L Moet AP ishABg dsira gotikhi ng pad of

t he chem g¢al -.pechaniyc ol j.shi en.f I | ichis

speci fi ca‘?ﬁgc%ﬁgg ggOaLJF,&{s)'keéré%%dﬁ%@%\gézggfngggpgg&}%% \8{? I\EI?tta Haas

| ncor por apedisAsngohieshi ndristhuriy, 3potpshi Nbhaby asivelgpailishiade of
colloidal silica_having a grain size of O. OE,j i mwere adjusted to pH 10.5,
and pol i shiRgPRAS CELES && RAM W IR Dol i ShithGCPodE t6F og‘?cglnfﬂg a slurry
supply ampyntxahp3elAm nrtt he nyher fcdevehati eps ehicthe polishing turn
table which is 30 rpm and the nunber of revolutions of a polishing head

whi ch i s BOTEBReITRes a2 i9falU ol &hi by Was pérfédr ped itsd imghufict ke a
silicon et .aceard - : [ n that the outer
peri pher \gﬁésgaﬁgggu?seq}%lﬁqt ?%?%ﬁ%hl él%o?ﬁ%?ﬁ?ﬁg?ebﬁfegh&gl i shing renoval

i s smal |, chaniinblverceaofi ddle whehslcahg nechahecalitpal ishiinghearet he out er
peri pheral sag_is _appraximately 10% and hence this pal.ishing was carried
but - Under 7 8gaParPERRA TGRS i 1 Rout ehaRGhRG. EBAd: PRorS T BdrtT cul ar
[0062] (ExappiedZ?but unded dfORd# EOn@iPObhshiAgnRaE LHIAeE d enperature
during polishing, since heat generated during polishing is accumul ated, a

t enper at uFenat taceentinalPagdritGwreof the polishing pad is relatively higher

t han that[@@) an outer peri pheral portion. Since this tenperature difference
affects a pOfSI Shing rate, controlling this area range enables controlling a
sag start (pesmpilen2)In

In regard to a polishing pad surface temperature
during polishing, since heat generated during polishing
is accumulated, a temperature at a central portion of
the polishing pad is relatively higher than that at an
outer peripheral portion. Since this temperature
difference affects a polishing rate, controlling this

area range enables controlling a sag start position. In
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Exanple 2, a silicon wafer according to Exanple 2 was manufactured |ike
Exanpl e 1 except that a polishing |oad, a nunber of revolutions of a head,
and a slurry supply tenperature were adjusted so as not to change a radi al
average renoval of a wafer, a high-tenperature area was enl arged as
conpared with that in Exanple 1, and one side of the silicon wafer was
subj ected to chem cal - mechani cal polishing so that an outer peripheral sag
start posEkeoplead,be addy daromafeow ecopeinphépraExpoptlicor? ofag he

sem conduct or wafer toward the center. (the, position _that .is 35 mm away
from an olt&rts&ripRer \gqal}?naé]xaé%pe‘ge rriea?%?%%nf%%tatair &etpogl%. LP8863]
( Conpar at aveulxarplg Kevolutiol®repverheadsi hheoa waberyacaiydipg to

Conpar ative Exanple 1 was manufactured |i ke Exanple 1 except that
adj ust nent SMAGHBILErS FETF PAGTH TR nd2 Ehedt cAP- FBERERI calrasblda shi ng wer e

carried o S M g rj si h ke i.0 e | e.
[006|4] gge%ggger%%(ofé’%lsﬁ?md lskéggﬁ‘ghgfgﬂnﬁgg\é&gyﬁs%ff‘ve, G 9(c)

shows GBI &1 1krGedl@a) csipews: SBHRMaxt hdt Gin 1Dkbhpdkhows 2BDA cared FI G 10(c)
shows RCA after .t he chem.cal - nechani cal pol i,shjcrég f the silicon wafer
a

accor di ng°t8%e8En GF BXanpio® Vit Chpat AP §E | EPEHeRffact ured as

descri bedmabay@ ikl 1CQFRAGHSANRYy t4h eacdt odhesutrtd PE&Spnh2rand £4S. 10,
Exanple 1 is represented by a black circle (*) and Conparative Exanple 1 is
repr esent 8826y ROWRRILELOTCIGRE] © BWaFuF ¥ Pier an aOBf aek @fed P g aph

repr esent 5o FxagRl & el and ol ackenedebar granh LeRr exgnls, Comparati ve
Exanpl e 17 In conparison wt nparati ve Exanple I, atness was i nproved
in all quéatheypbseénsocandhaat h SFECR ramda ESFQRromhieehoaterhard to be achi eved
at the sane_ti re greatly inproved in Exanple 1. 6 FIG 11(a)
shows sm?zﬁﬁ%?ggr‘fé £108) AShdwd® gt FF%;FHB?EE(e)f %%%\Q?GBI R FIG 12(a)
shows SBI Ryag3]FI G 12(b) shows ZDD, and FIG 12(c) shows FDA after

chemni cal - nechani cal polishing of the silicon wafer according to each of
Exanpl e 2(@f@PEsApAVat Ev@Rdanplle 1 fabricated as described above in

conparison wt her,. .LRr.El . 12 0
represented bnggﬁgggiéi %c grﬂ(l’g)oggw ]%orﬁrrp‘égcr%%n%x%%ﬁ%%lagg%rlg%r esent ed
by a whiteexenptkel(Ops Ramuferatormesd al bkackeasdlbal gxapiptr épresent s

Exanmpl e 2, .and_a non-bl ackened bar gr represents. Conparative Exanple 1.
I'n conpariSehsW'ER Co%ﬁélff’ﬁﬁ'\?el%ér%fﬁf%l?gat ﬂﬁasc%ﬁg‘ﬁcﬁdfoved in all
quality ihesBaandabobl13ER NG, EFCuhich ane Bardst e beaghigved at the

sane tinme were greatly inproved in Exanple 2.
rising shape like a conventional example.

[0064]

FIG. 9(a) shows SFQRmax, FIG. 9(b) shows ESFQRave,
FIG. 9(c) shows GBIR, FIG. 10(a) shows SBIRmax, FIG.
10(b) shows ZDD, and FIG. 10(c) shows ROA after the
chemical-mechanical polishing of the silicon wafer
according to each of Example 1 and Comparative Example 1
manufactured as described above in comparison to each
other. 1In FIGS. 9 and FIGS. 10, Example 1 is
represented by a black circle (o) and Comparative
Example 1 is represented by a white circle (0). Further,
a blackened bar graph represents Example 1, and a non-
blackened bar graph represents Comparative Example 1.
In comparison with Comparative Example 1, flatness was

improved in all quality items and both SFQR and ESFQR
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[ 0066] As described above, according to the present invention, it is
possible to provide the sem conductor wafer that can m nim ze devi ations
fromreference surfaces at the same tinme in a plurality of flatness

i ndexes, e.g., SFQR ESFQR, FDA, and others having different edge

excl usions and can al so suppress a change in curvature that occurs at an
outer peripheral portion by a conbination of a center convex shape and an
out er periwphehalkrsadgastthpe Haradiersvedieatt heesenaineodust ore mmaf er havi ng
such a sha g %i adag t%gf(pol qglg t?e Lrontsurface-referenced fl at ness

i ndexes bdt “8l"sd the Backsur't ace=Teterenced flatness i ndexes (GBIR, SBIR)
and the cupvasygre eval uation i ndex such as ZDD can be net at the sane tine.

Further, it is possible to cope with demands of all custonmers under the
sane conditionstldndla (g usdiomsy SRER&StonetC dehbhlls €8RYBe net. Moreover

since menagemRal,can e oaf [ded oiks UsHeR, L becsare @nocessing conditions,

and hence productivity and a yield of the sem conductor wafer can be

i nproved. SB0B6ZK, FIG. 1Z(h)s slwobe hbbedandat IGhe 1grl@sethawsye®d@Aon is not
restricted_to_the faregoi ng enbodient.. The foregoing enbodi ment_is just an
1T Ust r at P56 oax SHTa.C o Sty e e e LAk e O ey BECaar 4 THES Shne
confi gur ahes raned gexey ten dthe sareahpinst 2 oasdandnphirectisscas:thgp techni cal
concept described in clains of the present invention is included in the

t echni cal f3BspEadrd & plaseEntPehvEneYonln CPLRPRELISPN Aifdhicdmiluct or waf er

having sagchatmed gl rapsoutiar periPNery 2 the,hbie of spolishing, =
wherein a alsplacenent of the sem conduct or ma?e In a thickness direction
is 100 nnreprkesstlet Waern & et eriantde a(out endpEpimplaeraddiwag start

position gf thﬁ€s§ntconductor w@f and center. of the sem conductor
e

h
waf er has“a*t8 Strage Presen eiab%n%uﬂ lg? GutérSpei)pheral sag of the

sen condugh@thwaheird,s alQ0 M Oied 858r @REph reprelsReteutmiamerd pheral sag
start position is away from an outer perlpﬁeral portion of the

seni condugf@r anaprer e ehePTend 8P br r 2DT AFEHIC SMEIOEPARRL ¥ ¥Dm an out er
eri phera f .the;sem r : M. tshe outer
perip Fxgﬁl 1@r qthe 15 @o?n%e%%cstoq{ Va8 Cerg%!‘Q%?t%g q%%@%@l_eﬁhel, u

peri pheral portion being a asurenent targ -
sem condutt et nwabemwaac dorndianed oircl @l n quawhéreiin efrise aamb it lof SBOR er

Cerm ConduBPa:r ZSaPE! MO I g S Bob? ST o Bt GRSt Bolkrehi TG Rerme
senjcondugé@é @@E@myyﬁjmpﬁa&@dngnag§gmglg-g[ystaI i hgot to obtain the
senlcondu%58%6?afer and chanfering and flattening the sem conductor wafer,
As described above, according to the present
invention, it is possible to provide the semiconductor
wafer that can minimize deviations from reference
surfaces at the same time in a plurality of flatness
indexes, e.g., SFQR, ESFQR, ROA, and others having
different edge exclusions and can also suppress a change
in curvature that occurs at an outer peripheral portion
by a combination of a center convex shape and an outer
peripheral sag shape. Further, when the semiconductor
wafer having such a shape is adopted, not only the
frontsurface-referenced flatness indexes but also the
backsurface-referenced flatness indexes (GBIR, SBIR) and
the curvature evaluation index such as ZDD can be met at

the same time. Further, it is possible to cope with
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wherein, at the polishing step, the sem conductor wafer is subjected to
doubl e-si ded polishing in such a manner that a displacenent of the

sem conductor wafer in a thickness direction becomes 100 nmor | ess between
a center and an outer peripheral sag start position of the sem conductor
and the center of the sem conductor wafer has a convex shape, and

one side of the sem conductor wafer is then subjected to

cheni cal - Aewhadiscalf pdlli shisipner suehdar nehaesanhatoand igmourd, afnadut er

peri phera f. .t he m canduct or waf er becopes 100 nmor | ess and the
out er per%p%gggglég §%gﬁ?“%3§? %o%e?%n§3a§a?r§§1g %Outgbrﬁgﬁﬁﬁheral
portion okihbhe semacenduct alamabercionaed bthe aaaker tbe 2Qn®M or nore away
froman outer peripheral end of the sem conductor wafer toward the center,

the out er PRBFPPRIE G81diitoPbei mPd heRstrereAbctargéty 6MESFQR 4. The
et hod fop BRAUGACUE Aot SHNGONSHC) O o POLSE BECQETiagp Cl ai m 3,

wherein, at the polishing step, the sem conductor wafer is polished in such
a manner {RA8670he anobunt of outer peripheral sag becones 70 nmor |ess. 5.

The met hod for nuf acturin sem,caonduct or wafer according to claim3 or
4, mhere?ﬁ,l?n%?h ec%@%ﬁfﬁﬁkﬁgt%‘?(ﬁﬂe?ﬁﬁ?sh?%ﬁ?gfﬂg ¢&ni conduct or
waf er is petishedrwict Us® afha NOrNQYENgt ¥RBoRSMhEsRI. NgTRAd havi ng an

Asker - C hardness of 60 or nore or a pol yurethane t¥pe pol i shi ng pad havi ng
a Shore- DRAPERESY SfPssligienfpries just an illustrative example,

and any example that has substantially the same
configuration and exerts the same functions and effects
as the technical concept described in claims of the
present invention is included in the technical scope of

the present invention.
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CLATIMS

1. A semiconductor wafer having sag formed at an
outer periphery at the time of polishing,

wherein a displacement of the semiconductor wafer
in a thickness direction is 100 nm or less between a
center and a outer peripheral sag start position of the
semiconductor wafer, and the center of the semiconductor
wafer has a convex shape,

an amount of outer peripheral sag of the
semiconductor wafer is 100 nm or less, and

the outer peripheral sag start position is away
from an outer peripheral portion of the semiconductor
wafer toward the center or 20 mm or more away from an
outer peripheral end of the semiconductor wafer toward
the center, the outer peripheral portion being a

measurement target of ESFQR.

2. The semiconductor wafer according to claim 1,
wherein the amount of outer peripheral sag is 70

nm or less.

3. A method for manufacturing a semiconductor wafer
comprising a polishing step of polishing the
semiconductor wafer after slicing a single-crystal ingot
to obtain the semiconductor wafer and chamfering and
flattening the semiconductor wafer,

wherein, at the polishing step, the semiconductor
wafer is subjected to double-sided polishing in such a
manner that a displacement of the semiconductor wafer in
a thickness direction becomes 100 nm or less between a
center and an outer peripheral sag start position of the
semiconductor and the center of the semiconductor wafer

has a convex shape, and
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one side of the semiconductor wafer is then
subjected to chemical-mechanical polishing in such a
manner that an amount of outer peripheral sag of the
semiconductor wafer becomes 100 nm or less and the outer
peripheral sag start position is away from an outer
peripheral portion of the semiconductor wafer toward the
center or 20 mm or more away from an outer peripheral
end of the semiconductor wafer toward the center, the
outer peripheral portion being a measurement target of

ESFQOR.

4. The method for manufacturing a semiconductor wafer
according to claim 3,

wherein, at the polishing step, the semiconductor
wafer is polished in such a manner that the amount of

outer peripheral sag becomes 70 nm or less.

5. The method for manufacturing a semiconductor wafer
according to claim 3 or 4,

wherein, in the chemical-mechanical polishing, the
semiconductor wafer is polished with use of a nonwoven
type polishing pad having an Asker-C hardness of 60 or
more or a polyurethane type polishing pad having a

Shore-D hardness of 55 or more.
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