; ABCDe3ekPkxxyT{F2| 6TP METHOD FOR EVALUATI NG WAFER CONFI GURATI ON, WAFER,
AND WAFER SORTI NG METHOD 5 Techni cal Field: The present invention rel ates
to a method for evaluating a configuration of a wafer r ' m a
silicon wafer, a wafer suitable for arn €xposure system mm\mmmmmm E met hod
for a good quality wafer. 10 Background Art: Recently, an inggration |evel
in a sem conduct or device has been becom ng increasingly higher because of
the remarkabl e progress in the sem conductor device tech mmm\MAth
this progress, a demand for 15 quality of a silicon waf e;‘wm“w has
al so been beconing nore severe. BESGRIRFIONe inportant charagigepi stics
required to the silicon wafer as descri bed above, there is an issue about
surface configurations. This is because a higher integration |evel of a
sem conduct or devi ce has brought about m niaturization of a device size,

and for i nst ancHEEHOBFORBYLAUATING WerR® Cokerienpasiiieon waf er ey

lead to faults in a device pattern during t graphy step or
other steps. |In addi t\yoOFERNASS&Y A Bb‘iﬁ‘ hEHsfop Wefer, there is
requi red a wafer which has ’exce]?I enmﬁégh f§%¥§ up ?o t he utnost outer
peri pheral portion (the very limt of the chanfered portion) of its main
surface. 25 There have been conventionally used site flatness based on the
front ."ge&i €l Bfcgi:ence, SFQR (Site Front Least Square Range) and others
as the index tor evaluating flatness of the wafer nentioned above. SFQR i s

a sum of absol utg. Vv f. the .respective maxinu i spl acenent.,s in the
pl us side and n‘i’%lljesa}l’sri%ggnfrlgkqegﬁgnrg?el@&%sngt@ B éﬂ%trﬂﬂ%i iﬁr i %Vagﬁfiflgg Bl ane in
a site 5 ghtained by calculating data.with.the nmethod of | east squares,
which is g"\?‘af?%“&tagﬁnfo ré 8“5‘3‘?% %Wg?e egi‘%ac?fh‘if’ﬁlew’s‘{’etreai%a%éﬁ@ﬂféibi%/?% mm
square or 25 mm square. Di %%Ilosure of }%(;l(f I nventjon: 10 | pprovenents have

al so been®PEXPPIEE TSGR &G0 Borting methed fy agonssanality®etem al ong with the
progr]recfs of the high integration |level as described above, while troubles

have equently occurred that the exposure systemstops in the course of
pat t er ni n%laon a wafer. These troubl es have been considered caused by a
factor of H]égwnéixéﬁsure system and an influence of a fine configuration
of a wafer used in the exposure systemas well. However, the wafer is of a
| evel which becoRegenily, iagsingegrasioreleselaned seintdonamctordéavisel tnsaseeSFQR;
therefore, a clear cause for the troubles has been unknown. Consequently,
there hasbeedrsing ancressinglst highar beedusat ofhtha reafarkablenbiageat iianthesi ng a
factor other than 20 SFQR to supply a wafer not causing the troubles in the
exposur e sgmicomductor device technology, and with this progress, a demand for
15  quality of a silicon wafer or the like has also been becoming more severe. As
one of the important characteristics required to the silicon wafer as described
above, there is an issue about surface configurations. This is because a
higher integration level of a semiconductor device has brought about
miniaturization of a device size, and for instance, slight undulation or the
20 like on a silicon wafer may lead to faults in a device pattern during the
photolithography step or other steps. In addition, in order to effectively use a
wafer, there is required a wafer which has excellent high flatness up to the
utmost outer peripheral portion (the very limit of the chamfered portion) of

1ts main surface.

25 There have been conventionally used site flatness based on the front



When eval uated with SFQR or the |ike as described above, in particular,
flatness in an inner side portion of the wafer is evaluated with good
preci sion, whereas there is a case vvhgre exact evaluation is not always
assured in a peripheral portion of the wafer, especially in the vicinity of
a 25 boundary between a chanfer portion and a main surface of the wafer.
-3 Wth the foregoing difficulties of the prior art in view, it is an

obj ect of the present invention to provide a nethod for evaluating a
configuration of a wa froma different_ viewpoint fromthe conventional
SFOR or 1@ rle?q%”@?lc%t b@r(%t? ﬁTIIC’@%sL%Séu%ﬁl@éfeiRa%\e)e&@dmﬁh@msysﬁém or the
i ke, and a sorting 5 nethod for a good quality wafer. In order to achieve
t he abov emgﬁf‘ g%rt ?Vﬂguﬁapaé@tn@%s he wafehyeatisakdrabovef QRS msumfoft he
present invention conprises the follow ng steps of: obtaining plural wafer
conf i gur aalisoruter viluee of ghe frespeative weximain dosrlaemaedtsanweiepliwosidee edge
portion thereof along the entire periphery thereof at a 10 prescri bed
angul ar spatenimproviddi frgma the rnefereege glaherwhiahcisl atflag pharnetereree | i ne
for each of the profiles in the central side of the wafer; calculating the
r ef er énceoliteimeed byt balchilatsty detdi enth wheharethodvifdieagt aqaeeendviiieri @n i n the
peri pheral side of the wafer outside the first region extrapol ating the

r ef er enceevdlnetetiefoe ¢helh eite] A difeof fhesditd @ GeaBrdlly 2 enEaGAAE H£I5 Him

anal yzing a 15 value (an actually neasured value - a reference val ue)

obt ai ned &yusdbtracting the reference line (the reference value) in the
second region froma configuration (the actually neasured value) in the
second region cal cul ati ng the maxi num val ue anong the val ues as a surface
characteristic A and the m ni mrum val ue anong the val ues as a surface

char act er D$ddigsBe 29 tRO Indupidpt i ng configuration uniformty in the
peri pheral portion of the wafer fromplural surface characteristics A and

surf agp char act sk sk ch B O ATGLEhO00 Ll by RRLATeTAL B on O
00 2 a5l £ LA BRI ROUT, SOUALE 18O, SRR ) vhich @

25 reference pla I'S prepared for

ref erence - | ane is epar in a parrow.area, the SFOR was averaged
Wi thin t haess rgbne@ fa"io‘ies Woﬁee oalﬁﬁe&sém @eﬂBeB‘éﬁO&FW@Bé@@t %ﬁl%&??@ﬁ on
deterioratiqn_of an.aﬁ ual conffi ggrati on or the like. Especially, in this
convent i oRGT R HPRS LR be FRLHSE P! PR LCERINERR 41T HRTof the peripheral portion
of the wafer canpot be evaluated 5 accurately, A surface characteristic A
(hereinafter al ggﬁ?s@f g’FOr“é’ e glaé@ heetn caneiderdd gaysed dr madactenofatheeri stic
B (hergi nafter also referred tqo as B paranet erf) obt ai ned by the nethod for
eval ua?i n§XROSHE Y Stesns pdiAatingMener of difiee enfimwapoasdra wiafarensddon can
preferabl¥ performvery exact 10 evaluation of a surface configuration in
the peri ph® 8kpooreisyrtesn agmellaHeweves pbeiveatey is efia taval whichybptamed
surface characteristics A and surface characteristics B obtained along the
per i pher amopéyus Ghenevahatodoth awm ipdexf vrohets $HQRhthereémens cleamvensé on,
configuration uniformty in the peripheral portion of the wafer can be
eval uat ed foratthe Hirgublesehas thees pnkfiewabl Cdsetiuertip) thew thiae srinén gur ati on
uniformty in the peripheral portion of the wafer froma difference between
t he maxi muecsssiye famdvalvatimgnanwaferatudigiration pbimgah fuetdraother than
characteristics A obtained in the peripheral portion of the wafer (this
conf i g0r atSkARunistipply & wafer hbecpesing hlee atoubdes inothel expoetisy syedeino as A

par anmet er peripheral portion uniformty). 20 Furthernore, at this time, it
is preferabl e t oVWaval wattudtbé withf SFQRt sronherlikoras Q¥sdribddebpes, pher al
portion of the wafer froma difference between the naxi num val ue and the
m ni mum vaareicolart flatpéss Al asunhac eidshportidrenf shé emfr abbaileded Rvithe

peri pheral portion of the wafer (this configuration uniformty in the

peri pher algopdrdreasions wiefreas elfkreds ascd3e2bhPrr &Rt evalRetiophgnalt Nakkkon
uniformty). -5- More preferably, a difference between the surface

char act er isgsuigeAiRdpétighetan frag ot hdrdet Wafest epBidldy swrhaceciehsr gcheri stic
(A - B)) is obtained fromeach of the profiles in advance, and the

confi @dr atboamdany betwedy a chanifBeppeidhed al mpot Eh@BcObf {Hewwadrer is

eval uated froma difference between the



5 maxi-mum val ue and the m ni mum val ue of the plural surface characteristics
(_A - B) obtained in the wafer surface (this configuration uniformty in

t he peripheral portion of the wafer is hereinafter referred to as (A B)
paramet er peripheral portion uniform.ty). Mreover, the configuration
uniformty in the peripheral portion of the wafer nmay be evaluated with
standard 10 devi ations of plural surface characteristics A surface
characteristics B or differences therebetween (surface characteristics (A -
B)) obtained in the peripheral portion of the wafer as variations. Here,
the wafer confi guitatiherfor@asys acinhitibsoMhe$HidrRed iSRG, Wik Rindibe waf er

surface is displacenent (hei g?'ut or roughness) in tﬁe 15 direction verti cal

(o the valsnesielaeStupoab ool okiBSe £l RGN L fn.dignl geerent
ovel e | op haset s R, L0 i g RS EL Gl el ugkian an Lhe

waf er thicknéess makes 11 pPossi 0 per % fe back

side reference, .20, The prescr. bed space descri bed abque is preferably- 1 mm
or less (Bt Wlti&l‘,eesgstrg\‘lﬁ%sr?ﬁ)?n Oﬁ?r&sﬁﬁ%ﬁg’doﬁﬁgﬁﬂﬁ?&s@d’éﬁé 3B TEEt ai n
waf er confi guration profil is.preferably 1 degree or less (but in excess
of 0 gragﬁﬂmggﬁé%5§¥f9?a§§’Wﬁ&%x for the configuration uniformty in the
25 peripheral partiaon of the fer. can be obtained by attaining plural
surface -6 ch Pa%rg@F e prisvathe abavs shied. ammetheddpr svaluatime waden he
entire periphery (alon% t he peripheral portion of the wafer). Further

det ai | ed AUERFYIBEIOHNOHthE BresgRy dRVeRtiomecomnmens the fellawing istgpa ofaf er
configuratjon of the surface characteristics A and surface 5

char act er PRtgiBRgplural wademeaniigmratien napfilpstaf from theasatnalipoveinnicde, as
shown in FIG 1, areference line is prepared in a global (extensive)

regi on (awafesto thegidgs) pewior: shengbfialong she efdirerpmiphary theorvhatvaf er
configuration (each of profiles), and the reference line is used by being
ext r apd| apeescrived anamyilan spaces peovidinggifor) régiohdorevalcubitag sweferascd he

peri pheral portion of the wafer for 10 anal yzing the surface

char act er lisiei fos eath tofichs grofitksr imgitancertthal side fdaheohafeactdeultirgstief t he
regi on bei ng eval uated. Measuring a val ue obtained by subtracting the

r ef er ence refenender e tihettrcfivgl reptst;i ftladr providihgag tsdaddd rogidauirethyal ue -
a reference value), the cal cul ated maxi numvalue is evaluated as a rise (A
in FIG 1peaipletdle sirl o8l thced afdmniotysiiy adHee fAst degitf; 1&kte&bdlBtiEkGhel) - 1IN
ot her words, in the method according to the present invention, wthout the

use of theefe@eN@HheBAlcuBRER A tht Tast k&M RE Re8) ftagti&&rhﬂegyﬁglrgf&f med on
| e

each site, a reference line is prepared in an extensive speci region (a

firstipegivalle 0AnA AMBiAly SMeh@sRd WalGd) 1 Sp AfbffRe! @?Hﬁe‘j BlE%@né&]ebfi te 20

size to be evaluated by the SFQR or the like; the surface characteristics

in aregi %’ﬁb%&cﬁ%geﬂ?é f@é&%&%’%ﬁﬂ?@ﬁf&f&i&%ﬂé) ﬁ.rth'é{éggbrfed)}fegiéﬂ flond €91 ON

i s eval uated based on the reference ne prepared in nsi ve

ified i f st . i f t. ' f
yet em carl BL RBPr haor by o3 ok FRLY et MaiRS ipo e TR bt gl or
confi gur atc’a?dﬁlﬁ’t{in Eﬁg%ﬁﬁaﬁmm value 5?1\6% tthgr%fah'?éyése%%u%rﬁcg Qﬁ?fa)ér érjlsslls“ltr'e system

1 .
(such as a msall occurrence Trequency in a device pa 'S mainly

due to they syrs teristic A f er abl e waf .
var ue of 1t 248 ARERIRRRRH, S el ch8 BBREHF o el BB AU
bnor gal st the like.5 of . the system .it.b | hat t
aonor 0l BBt FPRaduli SRR, B PP eTEPE S P PbRR Py Becont

| arge change,in.val ues of the syrface characterjstic B gbtained b

eval uat i ng‘g‘?fﬁé et Bﬁg,agﬁuﬁgqﬂﬁ TEFLETIBECRa R0 SEETAER BtrBCttel"i’@tWétlﬁod f or
eval uating.a waf.er. confiquration of the present invention. To be concrete,
frequent é%ﬁ%?ﬁﬁfﬂgPﬁﬁéegBEﬁ?Pgﬁpgﬁmﬁfgﬁ n%ﬁé%%“%ﬁb% di fference of the
maxi mrum val ue and _the m ni num of plyral surface gcharacteristics B
obt ai ned wi t hin ?ﬂéQMP%Ye%%?R%MBWé tBe ikRaaeT et SUFRERG: VRS 1160
uniformty) is Iﬁr er %pag 602 nm Therefor§$ a ¥@fer nost suitable for the
exposure s St %\% 178 APIH et MR UBEPTA U FRIeM MHEEVE W A

eval ua}.i on i,.S %erf rmed with a difference hetween a 15 surface

char acter i EiF1eRA° RlAPSISREePEd ef’r"éi‘t‘%trl‘i’%’t W g thipgese, sincg atpfprpige
characteristic (A - B), wafers to be used in the exposure system can be
precisely sorted into good wafers and poor wafers. That is to say, a wafer

suitable for the exposure system has the difference between the nmaxi num
val ue and the mnimum val ue of plural surface characteristics (A - B)



20 obt'ained within the wafer surface (the (4 - B) paraneter peripheral
portion uniformty) of preferably 500 nmor |ess and nore preferably 400 nm
or less. Note that those values of the above surface characteristics A and
B are evaluated by using data with a-Boundary (an arbitrary position X)
between the first region and the second region at a position having a

di stance 25 of 30 mm fromthe peripheral portion of the wafer excluding 1
nmof the 8. peripheral portion of the wafer (excepting a chanfer
portion). The wafer described above has not extrene sags and | ocal sags in
the peri phlenals prapared iwb rareomated, thb ST @RaVuwd wdaped Witlig thypHiaes
characteristics A and B. 5 Wiile there are conceivably a variety of wafer

nmanuf act uit i9eften deessablefterpeifnt aglict bl Mtakide APOME Wl 86n of Rh aBXAP! €,
where a wire sawis used in a slicing step, slicing is perfornmed such that

no abnor ngynfiphirh i ok BhOYike. WsheciafGUlrStHi ' ! fthe
wafer. In élrf@;htcﬁi n;go stepl, a (:S(E))n%lgc?’ ﬁ%ﬂéggé%%ﬂg&%\%ﬁyg}%ﬁeltegﬁ?(ﬁg drum

for Suppoi LbifighPRidiAbPknt el Tkl Phassh of tn@ W£A8F hifib LG R, Suh! ace
grinding step, no grinding striationh 1s generated. §ags I n"the peripheral
portiaon Oé%:hli‘&e‘l‘ﬁf er due to | apping are prevented from generating. There

are avail abl e a process for manufacturing a wafer under controlling a
pol i shing pressue h i.pher.al sportion ef the wafer in_a polishing
step and other § e%@a%&s%élgg%értigggégaéoSé?re\}ﬁ?ﬁ%sgﬁf% fer%’rr(?\‘;erfr%n& 2an be

ttained | f f facturi : d ifi
it opeyapne, g ikt RN HquBrogaRE: el teletuara s Buen when
f i f act d i t hod d i bed ab , 0t
"G 11 COPT o PEERPY At OF SREthd it E7alPhE AgvRfEnF T BOUPAET: ange

above described therefore there are sorted wafers each having a difference

bet ween t AEFOREMEMIM a}aﬂ JFeseRt CRECTHERR niAR reirrably mesfosmurdrysgrheice

char aﬁ(ieri stics B (the B paraneter perjipheral portion uniformty) of 600 nm
oBYaMAEANAS & pariace coptigyration; wother peribhenal ortign of whe avafer.

configuration, fthe sorted wafer s being preferably used in an exposure

system 2Bsredeler i enalyeng aberadr stdpes| shavectesistisal ér srshcturfians ng a

.9_ difference between the maxi mrum value and the mnini mum val ue of the

obt ai ned phaitasteristidsabe obtrinadt dongt thes peripherdl) potthen (of theBwafar anet er

peri pheral portion uniformty) of 500 nmor |ess, the sorted wafers being

used i n apexiposdr énsyl¢ epreshbt eimpretienabtonfiguratenanmifentied af s each

having 5 a difference between the maxi mum val ue and the m ni mum val ue of

t he obt ai petipperalglorsianfofithke elafsracdrd stdlastedA At fB)is filde i A preBraphy amet er

peri pheral portion uniformty) of 400 nmor |ess, the sorted wafers being

used 1b amo evpbsateetisy soefigurbios, uhifotheyuse the gdrephmbhedriion svelaiating a
waf er configuration 10 of the present invention; wafers are sorted and the

sorted wafweifsr ot & defferiencaBeBrRastHeema X ih €M A0 LAl the RS nm aRyd | ke of
t he exposure system may be remarkably reduced. Brief Description of the
Drawi ngs: of the plural surface characteristics A obtained in the peripheral portion of

the wafer (this configuration uniformity in the peripheral portion is referred

to as A parameter peripheral portion uniformity).

20 Furthermore, af this time, it i1s preferable to evaluate the
configuration uniformity in the peripheral portion of the wafer from a
difference between the maximum value and the minimum value of the plural
surface characteristics B obtained in the peripheral portion of the wafer (this

configuration uniformity in the peripheral portion is referred to as B

25  parameter peripheral portion uniformity).



15 FIG 1 is an explanatory view show ng schematically three-dinensional

rel ati ons between a reference line and a first region and a second regi on
in the nethod for evaluating a wafer configuration actor ding to the
present invention FIG 2 is an explan@ory view showing a first region and
a second 20 region in the method for evaluating a wafer configuration
according to the present invention FIG 3 is an expl anatory view showi ng an
exanpl e of a region for evaluation in the nethod for evaluating a wafer
configuration according to the present invention 25 FIG 4 is a graph

showi ng rel at i ofdolepreferatdy neakiffepmentbetpebatthicnsurfd@ éhraridheia@l portion
of a wafer S1 and each of A and B paraneter values in Exanple 1; FIG 5 is

a graph shodithg suffadé chamdbativeen @ slacd@apaitePRtiRlA 1 B)asRdtilker al
portion of a wafer S2 and each of A and B paraneter values in 5 Exanple 2;

FIG 6 iSfr@nﬂé@«ﬂf‘oﬁﬂ@%ﬂ@ﬂé@irﬁ&&%epﬁhmﬁgfcaﬁﬁgﬁ%ﬂ'cﬁpﬁﬁifoﬂggt&tini @

peri pheral portion of a wafer S3 and each par ane val'ues in

Examl e Zpesthlral dotuBndSEid SIRN A%l A0S DEIREH. AEARLETRAL poi nt

in 10 a peripheral” portion of a wafer eac Wﬁ’gpa ter

val uess i NpyExaple v2iue AL 1% | e?g?‘g%g‘? ug %?é#@gld\kg# g{;u'*t%gés 8&%%@%&5@@ A and B

measurenent point In a perip Ion . ; / d
i ' : . . showi n

paramet er (yal B?%bkﬁpgﬁ%a{h%t %\é?erEé(uar@clee(tfiis %(?nfllzglu%au%nl Em?ogrqiatg n fHIG g
par amet er peri pheral portion

peripheral portion of the wafer is hereinafter referred to as (A — B) parameter

peripheral portion uniformity). Moreover, the configuration uniformity in

the peripheral portion of the wafer may be evaluated with standard

10 deviations of plural surface characteristics A, surface characteristics B or

differences therebetween (surface characteristics (A — B)) obtained in the
peripheral portion of the wafer as variations.
Here, the wafer configuration measured with a prescribed space
within the wafer surface is displacement (height or roughness) in the
15 direction vertical to the wafer surface or a wafer thickness. Evaluation on
the displacement in the direction vertical to the wafer surface makes it
possible to perform evaluation based on the front side reference. Further,
evaluation on the wafer thickness makes it possible to perform evaluation
based on the back side reference.
20 The prescribed space described above is preferably 1 mm or less (but
in excess of 0 mm).
The prescribed angular space to obtain wafer configuration profiles
1s preferably 1 degree or less (but in excess of 0 degree).
Especially, an index for the configuration uniformity in the

25  peripheral portion of the wafer can be obtained by attaining plural surface



uniformty.in each of the wafers S1 to S5; FIG 10 is a graph showing (A -
B) paraneter peripheral portion uniformty in each of the wafers S1 to Sb;
FIG 11 is a schematic side view showi ng an essential structure of a 20
first enbodi ment of an apparatus for-gwaluating a wafer configuration
according to the present invention; and FIG 12 is a schematic side view
showi ng an essential structure of a second enbodi nrent of an apparatus for
eval uating a wafer configuration according to the present invention. 25
-11 Best Mode for Carrying Qut the Invention: Enbodinents of the nethod for

eval uat i nghaaavei-tice Mfdrgusaifaed caaeaiteiistcs B it gPties @Rtirk PLBPHLY are
described in detail belowwith reference to the acconpanyi ng draw ngs. 5

FIG 2 sh@usnsatepabbkalal Yorison! tigiiatdpn of a wafer W CGenerally, a
peri pheral edge portion of the wafer Wis chanfered to prevent cracking or

he Iike, h i | f.0 A I hj h d
tpo(rati :)neWnai g :3131:]1%?]2% P%rtéi\}g ug\%‘%cg t%glwav?lglpq%or#? %%r%f%/;tg‘% h%ﬁﬁo%ﬂ{o%{)? an

bi ¢ . £ .
e o RARHERTEOb e R, DR VEUEC, SEDLLBERLLONGLR RS e

profile) is o on a reglion of a

which 4 s . exgl ug] an ea with.the w,dth of about 3 nmm or about
2 mm fdroéﬁ%@%ﬁ%cgrgd g%r |eoﬁne&h10%facf%rglﬁ%fté’\rﬂdc% p%@@é\%e]rn,vep BntBy it is
required e the region.which is forned excluding an area with
the widt h£}8?£¥?n£ﬂﬁ?o%1 ?ﬁ&fefgn%%]éﬂ-? & 8‘6‘39&6?@ oA %Bg%lhéx{eéﬁﬁ‘@g IEgoNE very
limt of %.h bour}ﬁﬁ.rgl q]etyﬁen the,mai n surface and.the ¢hanfered portion.
Ther ef or e ISHHCEEY Hat ealculahing & refezencsning fHom agyafey confguratipn kpach

(especi al | he .excl udi ng. area),, consi deri_.ng nmeasurin recision and the
anal yzed B%P‘é?tf%‘?séc?% bhe refaranice 1&%&%3 alﬂteéngﬁxw@pﬁlfage@ﬁwrégm (@val uat e
the region formed by excluding an 20 area with the width of about |nmm

FIG 1 schewrdiregia t%hsmahwgﬁdééeh@ﬁtthe periphekralawytion of thewaferfaf t he
wafer_ W A nmin purpose of the nethod for evaluating a wafer configuration
accor Hi nganalyzimg phesswtfacqvaharpetsrissics oofqthat second | esornr thagmrfatech ar e
easily- generated on an area with the width of about 10 mm of the 20

per i pher aFhgmsctérasticsfoftthe rogioarbeing evaiufiteain Measutiagfevade pbtained by f m) .
-12 In the method for evaluating a wafer configuration according to the
present i aveiracong the sdferemdenlife Gror, tle mefiedl eatfighiragioh 0(ains aptepsr ed
within an extensive region (a first region) WL for cal culating the

r ef er encendasared valuwaf-era sefefase fahum)t ke hadidatahfh guiraihonalek {he waf er
W the reference line 5 10 is extrapolated to a region (a second region) W
to be evakuahededasthgsp€ ipHEGal) padttherabiulifed makieiumandué s s t hereon
for analyzing the surface characteristics of the second region W for

anal yzfng (Bhg ®G.flace characteristics of the region W2. A value (an
actually nmeasured value - a reference val ue) obtained by 10 subtracting the

reference line 1fh cehdrefBFANGR Rl MRthdd 9RARIAC Y Bhe ?Q%érﬁ%%hae (an

actual ly nmeasured value) of the wafer is neasured, an e nmeasured maxi num

val ue 15 Qo ol o 61 BRSadebliniPaRqIed; ORI deligicyal uated

as sags B. It is to be noted that, I1n F 1, designate s a central

portion ofedfopRfcBlon ¥t Sit@M F8RRRMIHCR BhpLiel HRLE bxtd e specified
region (a first region) on a wafer surface, which is an area larger than the site
20  size to be evaluated by the SFQR or the like; the surface characteristics in a
region to be evaluated (a second region) other than the first region is
evaluated based on the reference line prepared in the extensive specified

region (the first region).
A wafer most suitable for an exposure system can be defined by

25 performing the method for evaluating a wafer configuration of the present



15 X i's a boundary between the first region WL and the second regi on W2,
which is provided at an arbitrary position. In the nethod for evaluating a
waf er configuration by preparing a re_f7e_rence line, a configuration of a
wafer is measured with a prescribed space on a surface of the wafer. the
measured wafer configuration is successively 20 stored a configuration
profile of fromthe central portion W of the wafer Wto the edge portion
W thereof as shown in FIG 3 is obtained fromthe stored configuration
there is | at ed,a ef.e Lihe 0 boundary X of .the first region
WL provi dlgl eglyl Ogi'n a‘?‘by{eﬁf&ar{/n gglgi £ ?{%%Sugn\%ag Sft?glmqfwgl c%sntar ar's5 P?Iber?s“(i n the
radi al di r%%t}on o% t he waf.er nd thegg a gi.ffererglge bet ween a 2?

confi gur alTORT(HR HEAURTTY Hredstiath ALY 48 BA bfiP?atioy%]ﬁ%sgllltr ¥®/ (in the
-13 directjon of .the wafer thi c%k%???s) angd a value (a reference val ue)of the
r ef er enceC PRGOS IE A hild BORTEGTAYS SVAIREI HReRVAT8SHevadae cafl Be edracet he
surface cE}g%rﬂacter_i stics. The prescribed neasurenent space on the wafer
surface sAoRNagtFEstEsE & ¥paleythan hponm.ns fonen gpaewnpksteatourthe likenor e
than O mm hut by perform ng evaluation with the snall est possible space,
more atcuPhthe SEnemglbademe elanr bratofireieerit ainormad stefeortiwelike pecurny be
approxi mated by a_straight |line or a curved line nost well reflecting a
conf i gur atn 85aed whisee thereralocglywresersfa lalge thangsd by valiebof thesuaifage t he
central portion of the wafer W is polished to a high flatness |evel, so
that the chfxactenietid Bnebtiasnddiby \evapparting ¢ edripherilepattion ghthd wader Her e,
an arbitrary position X of a boundary between the first region W and t he
second regramrdiff B tle prethed 4l yvalunetingdedwalferatordtdiratidnyofAdsigresentl5 in
the radial direction of the wafer Wand in an area (an area where the first
region isimsergidren®o e caficieos shé @ntabnob@alaifs JMMAREENORRIWhER al sag
nor rise is generated. For instance, usually sags and the |ike occur in the

area DOt siadéffefertlaaiftthd Gn ARnaNEYW ol 6 Hhi RBe PEHi RREK k1 @JgE Xkt he-ry@f er, so
that the arbitrary position (boundary) X should preferably be provided at a

20 posi ti eRapfctahotits 3D SBTadVRY HitRIA tthe RardPRerl.cedae of gﬁggm\@%&er' It

is preferable to prepare a reference line or a reference pl at a

osition ; t ' th in case of
gn 8 inc h(i)\f?/gl gre %(tTZg%ﬁ?%{ P%mé}%lgﬁtgggg)laa eépg{a&fa@g%glh?i oﬁhgfé 0 anmv‘rvlagﬁr/ay from
the centr : 4 i (o} i I i ameter).
However , ?E?ég%%lgﬂa%(?%ﬁ}i%%eer}r{ggéﬁg %yrsgee él alg’ &glggdgg&g%m% g)gt% OpLHerh\%g? %a s qual i)ty
can be eval uat ed - tely. ln the hod.of calcul ating the
specific surfacelvlcoﬁgcgv;égrg'?llte??e &ggjeﬁborb%eé pee\}‘%rﬁéetde% g#@eﬁg??% é%é’f’ %8t%r ence
i ne, confrauration profile of a er of fromthe central portion W
t :) t h(:al{“%led%(@a1 r%a%rgt(?loalﬁ a%%IS 1CIo‘[A)‘t 3 ead.swggaf%fcﬁgéﬁ%tgmgglci ﬁetg"f‘t‘ f$ M't%ﬁjécgéent ral
portion We,to an_ .ar.bitrary, posi.tion F)( is calculated then there is analyzed
a val ue ot%?%%a“ﬁ CsubiT ﬁzwt FaRETS Ve ‘ér‘éﬁﬁ’gemr iHe PO rBFErRCHRpRRi ti on

in the range of, fromihe arbitrary posjtion X to t edge portion W from a
confi gur atH%SWSQ]ty ?Or’ff:%‘{ i g(?%]nwf‘g%écﬂﬁ poRarRdsrsat 'Pgﬁt 3B 6% Y WET ti on
(an actuall asured value) - a reference_ljine at_an 10 arbitrary position
(a refer er?é‘\ét"\rﬁ? 3%‘) ﬁ?e SFRPSe Sﬁfﬁ@ﬁ%ﬁsv@eu@fg&ﬁm befeveemathe, B muge s

(usual l'y th«? gosi i Ee maxi mum di spl acenent. anpunt or the maxi numthickness
di f f er encefpt dhe ey Kaluey pf aderalnanmaee charactensiies {8sy. Brhi s

surface characteristic A quantitatively indicates a rising configuration on
t he p%ﬁi p a%nego‘f’%tﬁ%ﬂéﬁr WeHer fikiage &hs (AI'SBS par@@ﬁﬁergwrapgheml pesfione of
fromthe central portion W_of the wafer Wto the edge portion W is

obt ai ned aupiERErisnce nrefrrably OGO mm prlese andanorsopraferably 480 ran bt dessr y
position X is calculated then there is analyzed a val ue obtained by
subtracting a refErteibat thefe ealuamohihsi abeieysyrdata ¢laracterisiicsrangd Bf from

the arbitrary position X to the edge portion W froma 20 configuration at
this positdsneyaveded inyursingonas withan bhaurgdaryplesi wirbitrgen position X)

between the first region and the second region at a position having a distance

25  of 30 mm from the peripheral portion of the wafer excluding 1 mm of the



actual'ly nmeasured value) - a reference line at an arbitrary position (a
reference value)]; and the m ni num val ue anong the anal yzed val ues (usually
t he negative maxi num val ue) is cal cul_%t_ed as the surface characteristic B
(sags). This surface characteristic Bquantitatively indicates 25 a saggi ng
configuration on the peripheral portion of the wafer . 15 In the present
invention, in order to evaluate the whole wafer, providing a plurality of
radi al neasuring positions as indicated by the dotted line in FIG 3,
configuratj rofil fromthe wafer central portigon W to the edge
portion %ér?®%ﬁggkﬁtg§q ﬁét}%:%vé’ B PP mZ reg%}lﬁ’toéﬁned for 5 each given
angul ar space ( an ?éch.ﬁ (fng-di nensi on%l anal ysi s 'is gerfo,r med for
each of the configul AT GHSEFRTT FRAVE hafhhifFtiamme sas and lecahpagsiatist i cs A
and B being.obtained. .As a,result, plural surface characteristics A and B
are obt ai HFIPR§Gh g POREORaPEr ther Mt avhesr tavahuated withspdei aurface
preferable to analyze a 1Q configuration profile radially along about 400

| i nes (atﬁéﬂ‘faé%mtﬁ:ﬁ%ﬁaé@-of about 1 degree or less) within the wafer
surface. Wile the value of the angul ar space is naturally in excess of 0
degre® very exalhileviherat pom caneivebbers ormedy i of tafenamhenufetiiner al
portion with the angul ar space of 1 degree or less. Note that it is

pr ef er abl Bracesgseripo ramfativaingthexledvedy afpr plortexatdple nwhurd agvige B@ch, an
orientation flat and a letter printed with a |aser mark because the parts
cause abnurwstd idat dliceg step, shting ieparfbrmedlisueh ihat taabhermel fatimeent han in
a conventional wafer configuration evaluation by using surface

char act er byt wireAcet iB. therpetishdradportéorabidid wafainhe pahins BRe. an
configuration uniformty in the 20 wafer peripheral portion by analyzing

surface chartact erésbof eswhAfandrith ahosghirdie dvehefor P RREN8! tHROWhEANs Next
an eval uating apparatus for perform ng the above evaluation is described

bel owl0 FI @inirhized. dnSCha@BhildeXPhanaiRe ki dWs SRt 2RI 8SSE MR
structure of the apparatus for evaluating wafer configuration 25 according
to the presgsterateEnSh@din e BEABhEEH oeHoh A tHY QY 418T l40E 8 IWBH &Yk are
prevented from generating. There are available a process for manufacturing
a wafer under controlling a polishing pressure on the peripheral portion of
the wafer in a polishing step and other steps. As described above, various
15  improvements can be attained in steps of a wafer manufacturing process, and
hence no specific limitation is imposed on the manufacturing process for the
walfer.
Even when a wafer is manufactured by means of various methods as
described above, it is difficult to perfectly manufacture wafers falling within
20 the range above described; therefore there are sorted wafers each having a
difference between the maximum value and the minimum value of the plural
surface characteristics B (the B parameter peripheral portion uniformity) of
600 nm or less obtained by the use of the method for evaluating a wafer
configuration, the sorted wafers being preferably used in an exposure system.

25 Furthermore, there are preferably sorted wafers each having a




16 configuration shown in FIG 11 is an apparatus used for neasurenent and
anal ysi s of displacenent of a surface of a wafer W which conprises a test
stand 22, and a displacenent neasuring unit 26 having a displacenent gauge
24 equipped with a | aser oscillator or an automatic focusing 5 nechanism a
conputer 28, etc., and optically neas@wes shifts in the distance fromthe
previously calibrated reference point as the displacenent. In the

enbodi ment shown in FIG 11, the displacenent nmeasuring unit 26 functions
as a configuration neasuring unit. The test stand 22 is a stand used for

pl acing thereon a silicon wafer 10 Was an object to be neasured. The

di spl acendiffergaegbeBiedrs tha appanailis/ales ddd abe ahimien@dm! asRie Beamewi th a
prescri bed space onto a surface of a silicon wafer Wplaced on the test
stand 22, oletathddrplirst smgece ahheNeetiases (@r -t B tthked s Wedagsmbhe | aser
beam The di spl acenent gauge 24 is equi pped with an automatic focusing

m - , : | | c To e
S ot S L S T S RS S S S

th, for instance, a O i), a
Focus o n eepBeglsretort MR pooRbRl, B SR e P o B AR v o
|5 omg g dmmidenlanes GCELLARGE (Tl U SpIAC SRR 98198, 24 masur oS

t he displacenent froma erence porn matic
f ocusi ng a0 ngd..] ts _the displagene ta intq,the conputer 28.
The conpu@@%’ &ghggugﬁﬁggyﬁ%Fﬁaﬁeﬁﬁﬁﬁf3%hf}§b gﬁBc%§§Tﬁa BHFPyg&an RAM

Random [ an, ROM_ (R Onl nory), etc. The conputer 28
o wni cReaRaeth oo 4Rl RRed CE a0 o fr B vt sar Bl e e ke P rduge 24
are input ds the ana%ﬁsis program stored in the ROM using the 17

T

RAM as a H%?§%§P8%P@éﬁﬁ I culates the surface characteristics A and B of
the wafer quality according to.the present. invention fromthe input

di spl acenent datﬁl\}\?’&’ﬁ’ t(rjhr?e er ?%g@@fééévé W @ wader eenfigwragwmanet er s
especi@LIé erd for evaluation of a peripheral portion of the wafer. 5 In
ot her Lor BEthe PreseBiReat10ng Wadpisrateeortedsanst s sonsedavafers atecesssksinvel v

i nputting and storing configuration data obtai ned by the displacenent
neasur i ng2BrfXPoputfestsbem; ghrarhahstopasurthadienoft theoékpoante aystanf acey
characteristic calculating unit for reading a configuration data (an
actual |y heasmasHablyinedyced. fromthe central portion of the wafer Wto the
10 edge portion thereof fromthe storage device, calculating a reference
line (a reference value) fromthe central portion of the wafer to an
arbitrary portion, then analyzing a value (an actually nmeasured value - a
r ef er ence BrafugscoiptmnnefdhbyDmasiheact i ng the reference line or the
reference plane froman arbitrary position, and cal culating the anal yzed
di ffel®nce as thEIGurflacds15ashasgdaeaiosyi csiewr| Ghodnks eclaehen@iliye

expl anatory view showi ng an essential structure of another enbodi nent of

t he appar ahri-dioxeresiehalateldtforss Wethveen GORIfémcaline Ml s et NEibQ ahie present
i nvention. In another enbodi nent for the apparatus for evaluating a wafer

conf i gur atsb@hd Rogidh SkaasHetRId RO 2 IRARLE Q1Y éﬁf@%ﬁ&ﬂ%@ﬂﬁ&%w | ng
unit based on an el ectrostatic capacitance systemin place o I spl acenent
of the waftRe pseddndGRvediién;f | at ness neasuring unit based on the

el ectrostati c capacitance systemis used as a thickness neasurenent unit 34

equi pped with a whdckness, gﬂgﬁa%y%gﬁg@@gﬁ%?@%{ﬁ%%iat%ﬁg?g%?(#&mce

type of upper and | ower sensors 32a e wafer W
i's hebd bebyrenid NMASHSHMN ol My TR Lgkness

of the mafegEVbe nmeasuri ng tﬁe Efgﬁgh%égﬂﬁgﬁggﬁﬁgﬁ e sgﬁgﬁgéﬂggg?h§2b and
upper and;ﬁ@&ﬁﬁiﬁVé%ﬂ8ﬁ§ of the wafer W respectively. As the fl atness
measuring unit based on the electrostatic capacitance system a conmerci al

non. cont act {ypersh. Wakein bhLGAGST v LAOPERS A AN BN WRPLIRBAYEL NG, LNt

such as Utra Gauge 9900 produce appar at us

30 for eyaelﬁﬂdt% ?rh‘gfig %eﬁ%ﬂfﬂogg&gwa?&xegs hayRrely Q:oﬁkigur%%ﬁ t%hgggljﬁg 3 & waf er

holding jig 36 ding a wa above  -mentionée 'ckness
measuri ng i L onmputer 28, and is used for 10 neasuring a
thicknesstg p%ﬁ%ﬁ&ﬁgggneﬁﬁ1n t he enbodi nent shown in FIG 12, the thickness

measuiisng unit 341HUnGL 'ex%'ilgpﬁ%hgw%?gn{'élgﬂggé bon, dBAS W R, LnLL, point in




Thus, ‘any type of evaluating apparatus may be used w thout any specific
limtation, provided that it can finely and accurately eval uate
configurations (irregularities) of the wafer W 15 The surface
characteristics A and B are eval uate n the basis of the displacenent or
t hi ckness neasured as descri bed above. Specifically, the reference line is
a line calculated by neans of the nmethod of |east squares and other

nmet hods. Therefore, as to the space with which data are to be sanpl ed, the
finer, the better. Specifi.cally, prqper. range f t he space should be 1
20" mm or 1 BSSPEREHOEGRR A nr i St POl SoAI DL AOH BeEGTERd SuRrace
characterjisti ijarﬁ and B actually cal cul ated by the apparatus for eval uating
a waf er Btfrati on according to the present invention is described
below. FIG 1 i g‘%bvi_ew show ng values for the surface characteristics A
and B of a pres A éds 2ragh showang relatigns bgtwean amepseremenbpoimténoss
section thereof. In an anal ysis -19 program of the surface

char act erd geripheral rartigni ofp wedersS2 amdeepeht dfoh andr Barenleder ngluekénsur f ace
characteristics A and B is programmed for each profile. Furthernore, the
anal y$ s Bregpda?i s a software eval uating an average val ue, a standard
devi ati on, a nmaxi num value and a m ni nrum value 5 of plural surface
characteri sti cs BFAG.B ism graph sBpwahg aclatidnt betw e irh@suabmegt poprinpher al
portion of the wafer. In the analysis program as for the surface

char act er & gerphAral portionesfsa datfer 88 amdédchosf AelndsBathraldtepnawrkan are
read with an arbitrary space (about 1 mm on the silicon wafer fromthe
central pBxhainple Rhereof 10 toward the edge portion then a reference line is
prepared using the thickness data in an extensive first regi on by nmeans of

the nethod of | €RIg}. migudE@Rphastbinihe ERERNRPWREM hIBedRFr8ARRESoltNg and a
configuration in a second region to be evaluated is cal cul ated, and the

maxi mum ValgeeipMet- Al Portthtd G £avdfer BRAINEELE dOAASd B i
char act erisﬁéi CI)MB, tﬂickness dat ar of a mrror pgﬁ} s%e@ﬂéﬁég%%aﬁv\%fselgl are
read withgagpabirary space (about 1 nmm) on the silicon wafer fromthe
central portion thereof toward the edge portion then a reference line is

prepared using tﬁﬁ}téqfs%élxeag)% ﬂ?og{’\nlgr}gga[r%io%tb%@%%ggBfﬂléiéurce%ga:n%%o? teirrrleans of

the nethod of |east squares a valu alne subtra

reference,_l ] - i LR I.n econd region to be eyaluated is
cal cul at ea,ﬂegﬁaﬁe[rggb%rtgoﬁpné%g\%ar ulé%vc\’/i a1 %a ﬁ"h%{D‘g‘rae!‘}af?%spB:alrr"i"é???}?’ééf.aill’llar‘?emanaI ysi s
descri bed ove 1S nduct on each profile along the peripheral portion
of the m@%paéﬁklgﬁﬁwpﬁlﬁegurface characteristics A and B obtained from
the plural profi , uniformty (variation) of a configuration in 25 the
per i pLgr al porti tﬁé'ofgut]ﬁe AR aph; §38W§F%a§ec§’.arff’6‘eb%r Rspghharal eEtiosation is
20 perforned.on.an. ave a%e val ufe, standard devi ati on, a maxi mum val ue, a
m ni mum v oY O &fﬂeé‘(ﬁ‘ﬁé&gléﬂ acteristics A and B or a difference
bet ween t he surf?,ﬁ(g characteristic A azg the surface characteristic B
(herei nafter mayfHeé ABflerd gpnly shawing (hiad8 ravameater pespherglaport®n or (A -
B) 5 paraneter). Wth the apparatus for evaluating a wafer configuration
accor di ng WalorRdtipireeash of thearalesn Sdée &% bed above, by reading into a
conputer and anal yzi ng displ acenent_ data nmeasured using a | aser beam or

t hi ckness dat a nﬁﬁ‘éuigéﬁ aisthermptis|sids Yiest shaveinggnessential sypetuty dfleness
measuring 10 instrunent, there can be cal cul ated surface characteristics A
and B20codfrstuarabodimemi oormi eyparatusefgyeevanetialg pomtafen canfigotatéors. As
descri bed above, according to the present invention, a surface

conf i gur atdcoerdafg &o ved presees pecirdgidry aadper i pheral portion thereof can be
eval uated accurately on the basis of a specific standard froma different
15 vi ewpoi nt frolMlEha2¢onwehemanialsideview suesinguoh essnSEQRruatueddi 4i on, by
obtai ning and anal yzi ng plural surface characteristics A or B along the
peri pher alsepord ieorbasfimene ofedrerappavaiusafdroevadnatiogf & guafat i onfigordtomi ty of

t he waf er peripheral portion can be realized. It is possible to obtain nore
ef fecti ve dcabotingtto ohe aseseanpaveadtido t he conventional evaluation for the 20
waf er configuration, and hence problens in a device fabricating process
such & a process using an exposure system and ot hers can be sol ved.

Mor eover, the surface characteristics can be fully used as paraneters for
anal ysi s of various experinmental data, too.



Exanpl'es 25 The present invention wll be further described nore detailedly
by -21 way of the follow ng exanpl es which shoul d be construed
illustrative rather than restrictive. (Exanple 1) Description will be given
of an exanpl e of the configuration 5 gyaluation nethod of the present
invention. In this exanple, evaluation was conducted on an 8-inch
mrror-polished wafer (200 mmin dianmeter and 0.5 mMmmin wdth of a

peri pheral edge portion being a chanfered portion) nmanufactured in a conmon
manuf acturi ng process. The wafer is referred to as S1. 10 In the

confi gur éBéegirMedalsraCanging Datwat énvémiickness was nmeasured at positions
with a space of 0.95 nmon the whole surface of the wafer (excluding the

chanfered porti @mbbdiaderatad tMel hePhod TR eRaMdidy Af white RRIARNRSER
portion) the measured wafer thickness data were successively store

confi gur aéd'c@f‘dilﬂrgogti)'ﬁ}% Yhredcdh® WA afrb Oﬁ%éc%eﬁe% F@ltaBOLE R Ryt he 15

edge portion (98.5 mmaway fromthe central portio as shown inFIG 1

were rea Cfrfél%mcgqgtﬁg% e@ﬁgﬁ#hg@@@% data a reference |ine was

cal cul ated using the valu ntral portion (in the direction of

t he er di anet ptrar 0Si tJd on 70 mm fromthe central
port ;N?}] and 30 nilﬂqrda'\/\Z/tas;:}mf%{é o%ﬁl?ﬁleatggélgpap%qlﬁ%?é@#ﬁéﬁ ?(‘%\fl\%d erailet 20
squares then_ the difference between t he_thickness. at the arbitrar osition
SO 1R A Echar e S A S L A A e

position s..anal yzed and.the .analyzed.difference was cal cul ated as the
sur f ace cﬁ@er &%Fefli E}Ieg'reqiﬁ)OSYlH%?\k’% ing doranedr f %@i%éh&ﬁb?@ﬂe@s A and
B are the Xi val ue ag(g,m' ni pum val ue in the second region to be

eval uat edPRIE VB Hhidnores 18 %ﬁ#gﬁ“é%%@cﬂaf%ﬂ gonfiguratipRe sadyarues amer e
anal yzed using plural profiles fromthe center portion of the wafer to the
edge port POIRCt BfULeMeHdi al directions. Actually, an analysis was
performed on 400 profiles obtained at a prescribed angular space( A). 5
Then, 19 her e war E¥HER{REHR VRtersonfigutatiom (aveadr mofils) 180fad Brimedned from
the profiles. Wiile the surface characteristics A and B have 400 val ues,
eval uat i oAnEHregEwT olmmate stivfane Wertthewalpr I8 whikhes farherddof exdliidimgner e
obtained fromprofiles intersecting a notch. In FIG 4, there are shown
changes i anfargadwBhpdreawidtdr ofvabbargs3 ahmlr ebahtudtrhonfpesihé ehanffored he
eval uated surface characteristics. The abscissa of FIG 4 indicates the
eval uat edpprison Vom & theheafeo 3Vt iIHswérersrapheiyrieds mgutal td eenlvatdigs

eval uated rotating the wafer in the range of 360 degrees in the cl ockw se

di rect i onregiohhehiehtis forase Dbypegladsng Fhared ditlatle WidiCa Bant Aenft@nd B
paranmeter values in ~munit. 15 Wth such fornms as shown in FIG 4, there

can bgscorhhimfekdystrtdhbrithe rBgioR&oRBE vBRETilit BOfH M ifary Betwed LEfnbased on
the surface characteristics A and B. In the wafer evaluated this tine, a

| arge changgin Butfaee BiRBIBBELE m e ® 8d afhdreRAS! W is OppOSi te
(180 degrees)n tlcl) th% notch. 20 nl%lot% t at1 In a cage V\htg;}gﬂ:f ﬁé@gé;a?%r Cgl was

| oaded i niBnRALIEXPORUItBeS kehRB I Ere¥it e@sﬁéégm d tfh%e%%ﬂwi%% t Afedne

exposure system a stepper (a common nane o st’eppi ng proj edtion éxposure

system vashuaes ifgnni/&aisﬁgngh ré&fi&E 4 ftﬁeeaq{aqgéyd %%?Q&ggcﬁbga,%p?ﬁeed to a

projected i mage of a mas attern (a reticle patter exposure

system 't '}ﬁéé‘er{faétapéaligﬁ?%e?ezx%%les%Qﬂlﬂgtee%ﬂ@?géign%%gﬁnbyT&?ch%i%%eﬁ% :

i nventors "have serio
20  area with the width of about 1mm.

FIG. 1 schematically shows displacement in thickness of a surface of
the wafer W. A main purpose of the method for evaluating a wafer
configuration according to the present invention is to quantify rises or sags
which are easily generated on an area with the width of about 10 mm of the

25  peripheral portion of the wafer (10 mm from the chamfered portion Wm).




i nvestigated the abnormal stop of the stepper and conceived that the stop
may be greatly influenced by the uniformty in a peripheral portion of the
B paraneter obtained using the above jethod for eval uating the wafer
configuration. 5 This is considered betause if there is a |large change in
the B paraneter (local sags) in a wafer as shown in FIG 4, a focus of the
exposure systemis displaced, which nmakes inpossible of control by

aut o-focusing, so that a focus error arises to stop the system abnormally.

Therefore, eval yatjon S rformed. on an .average val ue, a 10 standard
devi ation, a mai? ﬁh%n%%ﬁ]@g%ggeﬁlma 3 Hafer & g(lﬁ"aﬁﬁﬁi%ﬂ’i‘%}%gﬁé tﬂea

m ni nrum val ue), of R .ural Sﬁrfaceeﬁjgfracteri stics, A,_ B or (A-B). Results of
t he eval JHEPOR EVENSRBWAS PROTABR S - ]\Aﬁiqeéel@ﬁé?lg’é‘@ 1Ormrappeisyithant he

paraneter can be, visuall bserved when the graph as shown in FIG 4 is
pr epar ed, 2% GRS ?E\géo%gaa%ﬁ%ltt TegiPa LdPs salsalaang hersefersnceting in ag (t he
15 maxi mum val ue - the m nimum val ue), the standard deviati on and others.
In the pregeatsuriacedromrthediasivenrifigiretianind the Waferd thearfirbptadine
uniformty of the configuration in a peripheral portion of the wafer. 24
Tabl e 81 Ei%m%leétrﬂpElﬂaBdlatDimme@esdht®EOMirégilomD tW2ab Weoefdlgateat bnrthen Waf er
Peri pheral Portion (neasurenent object: wafer S1) M mmM m mvaxi num A
ast andar dgemphdral pprtids of thnwafer, a2dévs asédtiered fon MaA$one. 103%rEH40. 0380
028par aneter .B-0.183-0.9190. 736-0. 4800 143paraneter. (A

B) 0. 1410. 2Gc22BAicE19F. 5h80 sd@ardankigtin W EXanpi@ald)inkn thedefurfeconfirm
t he above findings, evaluation was perforned on

characteristics of the region W2.
A value (an actually measured value — a reference value) obtained by
10  subtracting the reference line 10 (a reference value) from an actual
configuration (an actually measured value) of the wafer is measured, and the
measured maximum value is evaluated as rises A, the measured minimum
value being evaluated as sags B. It is to be noted that, in FIG. 1, designated
by We is a central portion of a wafer, We is an edge portion of the wafer, and
15 Xis a boundary between the first region W1 and the second regibn W2, which
is provided at an arbitrary position.

In the method for evaluating a wafer configuration by preparing a
reference line, a configuration of a wafer is measured with a prescribed space
on a surface of the wafer; the measured wafer configuration is successively

20  stored; a configuration profile of from the central portion We of the wafer W to
the edge portion We thereof as shown in FIG. 3 is obtained from the stored
configuration; there is calculated a reference line up to a boundary X of the
first region W1 provided at an arbitrary position away from the central
portion (in the radial direction of the wafer); and then a difference between a

25  configuration (an actually measured value) at an arbitrary position (in the



waf ers manufactured in plural different wafer manufacturing processes by
nmeans of the above nethod for evaluating a wafer configuration. To be
concrete, wafers were manufactured altering wafer manufacturing processes
10 so as to decrease a uniformty val yg.-of a peripheral portion in the B
paranmeter. Generally, the wafer manufacturing process conprises, a slicing
step of slicing the single crystal ingot with a wwre sawor the like to
obtain a thin and di sk-shaped wafer a chanfering step of chanfering a

peri pheral 15 edge portion of the wafer obtained through the slicing step

to prevendir6&@ekKidiotaneya8i RBidchRE) hha walghea(d %Pér@%c@ltx%?u@fof fdhat teni ng
| Ke,;

this wafer: a flattening step of surface grinding or the an et ching

step that,JrermyesiBehiaRicAg JefianAat| N It0g ol Q

chanf er edr and f1 a%tenec?l1 waf e}? 5 pol %gﬁlﬁ%ﬁgﬁg?%?&l@%@g agr]['r}?lk:k&g?acs?urface
of the wafer,, ARk 20 cleaning step of cleaning the polished wafer to
renove an abrasive slurry or 25 dust particles deposited thereon.

Vari ous net hods e eived as the above steps in.the nuf act uri ng
process to inpr o@ée Bﬁelosp %?’ant?e%?urteﬁbe'%esipﬁﬁ%8Pa‘$‘ep%’ﬁfqro§1“?%et?@"‘Eg&&r amet er .
For exanp LNrovenentwin the slicing,.step, if is not to make
irregu arfnﬁe&?fafo%?{l}r]ft e?p%lrrrll‘ph'% LS 15 DA H‘?’h@%%Fé?n%ménmﬁPE en
using a wi.re. saw and the.like..It,is also to slice the wafer so as to

i mprove apﬁﬁngngaﬁWPbﬁﬁaﬁ}aﬁ“Qu?wfé%n%ﬁ%%mpgﬁ%b% §BRe, BGFe tHEUBiepose,
there are hod%.for ontroléh%% a slurry tenperature, a feed rate of a
wire and SUHEFEAURL CAR PGBV t in the chanfering step, it is to perform
grinding 10 and pirrof-chanfering while taking care of uniformty in
chanfering. For ﬂ‘ﬁ# gney dinesmay pergnpraximpatednbyrfa stragekib lias oo acont r ol
uniformy a contact. pressure of a grindstone, a buff or the like. It is

al so to cevwrved line mast velheeftearing a spnfigurationobthe bentwal portamdof tie
grindstone (buff) or the |ike. As an inprovenent in the etching step, it is
to takd ca#edenWV, Isitusivadyrtheyceotrad poniiog of Bspeeifal Wis pdlshetabinbighs
performed controlling uniformy streans of the etchant. For this end, there
i s a net hfdtnessdenel; oo thatethepmdéereate tiatds fdly appeoxistachd by tHe utaaagisk ot her s.
It is also to inprove it by reducing a contact area between the etching
drum suppbimei ng wafers and the wafers. 20 As an inprovenent in the surface
grinding step or the lapping step, it is to machine the wafer controlling

spar k- out becausHevgrdn aitbitrges pasididnk of akeuaidarg dstwyenenersdadwhen a
fixed grindstone or a lapping table are sparked out after the lapping is

over. |n Wie ssudrthacRcand Beliing, Wadk weéfePBly ipsoes A hPaMifity Hoski the
grindstone, a rotation speed thereof, a feed speed 25 thereo¥ so as to

generase @hitheiradia3diredtibARE tRE walter WOUREtn h8VEkaRRE SirbA Srhere TRE first
region is as extensive as possible) of the wafer W where no peripheral sag nor

rise is generated. For instance, usually sags and the like occur in the area

outside of about 10 mm away from the peripheral edge of the wafer, so that

the arbitrary position (boundary) X should preferably be provided at a

20  position of about 30 mm away from the peripheral edge of the wafer. It is
preferable to prepare a reference line or a reference plane at a position of 70

mm away from the central portion of the wafer in the case of an 8 inch wafer

(200 mm in diameter) and at a position of 120 mm away from the central

portion in the case of a 12 inch wafer (300 mm in diameter). However, this

25  position may be freely changed so that the wafer quality can be evaluated



There ‘are al so available a nmethod to renove the grinding striations by
adopting | ow damage | appi ng and ot her nethods. As inprovenents in the
polishing step, there are follow ng neasures: adjustnments of a polishing
pressure applied on a peripheral 5 pot4ion of a wafer in polishing, that is
a change in a size of a work holding plate, polishing such that the centra
portion of a work holding region is of a harder quality while a peri pheral
portion thereof is of a softer quality and the peripheral portion is
vacuum chucked; and_a back surface coat is formed on a back surface of a
wor k, thenogracchsatedy.d via the back surface coat and a front 10 surface of
the work is polished, wherein thickness of the back surface coat is
different. betwdenheneetpediopbelcalatpay theospeaifit duréa@ertarattepsitics o6 b n
pol i shing. By changing a polishing pressure on the peripheral portion with
t he abovevamthiedshy pewigriey alrefagscechne be comfgureltioadproMebe aivwalk Sp usabl e
a polishing nethod in which a pushing pressure applied on a work peripheral

portion id fidmahetceatiad@otticie Fenttettd adefpdrtionoFBtE 8htaRREd; LrefBYehangi ng a
polishing head. In this exanple, the above inproving nethods are conbi ned

mai nl ¥ wilishe af Boacehs cefdal Pob@on aVe ltb G EriiieRy HosaH & {sNh1stigR.f Surface
grinding step an etching step a | ow danage | apping step and a pol1shing

step 1o obicdl hetelienfafied §3/A06 obfhiRBABLAGHIL LMY, 3@9?&1&@% hpgh vater

20 manuf acturing processes. The ers re ev accor

hod f i - ' i - ' ti t
bt ai n g aps aey ool PheaR Db BEth B B b3 B RIRCK b S Bl o1 ")
ot hod | SPTRS s v 0K7e" S Ra5a° 56 il B B Tou e RhoR 1 B2 "

n ja
nethod is the sane as in reove

eval uati op. aas, - n_thenaver age val t he standard..devi ati on, the
maxi mim v%ibue, r?ﬁ“@e&%%‘:ﬁ&% %éécf‘lgg,} & ]feﬁ}ev?tiﬁ‘g?? U 5%@6%‘1@ HRE %5 APnum
val ueﬂO of e.surface characteri sti B or the

: teristi , t
surf ace C%%ﬁr@&%g:p{og% ?Ocnc %9 %e -er‘%‘clngélglﬁﬁh i MAXHRUT ¥ %f‘“(‘ff aPRBENIS| uat i on

are shownai 'ga(?l eﬁ 2 1o 4]; gge ab]%.ve waf er s re | oaded into a stepper, no
abnor mal &%% Ma %esa(ﬂ)lﬁlé? ¥ 42° parifiyespasimyey. diarlacement apguytor can be
seen fromTable 3,  a. difference hetween the maxi num val ue and the m ni num
val ue of Bﬁ%‘ﬂ%m%&hlfcgeé%ﬁéf%ewri1§t0ﬁle,€éﬂ@e(ip@ﬂm@%réacqo@hana@ﬁﬁwq drmity in
the B par&ﬂr,ret gr)gglbt ai ned on each wafer 10 was 600 nmor less, that is 556
nm 390 nHEsd sdeunnguriacepcharagsesisticupt geantitativedy wicdtes seerisingom Tabl e
4, uniformty of a peripheral portion in the surface characteristic (A - B)
was 500 nfRigUraSON arhthe perigherahppridon ofitheawdfe380 nm These wafers S2, S3
and S4 were good in a process using a stepper. 15 Table 2 A Paraneter
Peri pHeral Por t i 8soUai donfigurgtitpirefiteSof fmar divescentimal IfdrtiomiWic of the
M ni nrumAver agedevi ation(~, m (gym (gym( m( m Wafer S2p 330-0

wafer W to the edge portion We is obtained; a reference line of from the

central portion to an arbitrary position X is calculated; then there is analyzed
a value obtained by subtracting a reference line at an arbitrary position in
the range of from the arbitrary position X to the edge portion We from a
20  configuration at this position [a configuration at an arbitrary position (an
actually measured value) — a reference line at an arbitrary position (a
reference value)]; and the minimum value among the analyzed values
(usually the negative maximum value) is calculated as the surface
characteristic B (sags). This surface characteristic B quantitatively indicates

25  asagging configuration on the peripheral portion of the wafer.




007337 00.1100. 079( Exanple 2)...Wafer S3p 241 1-0 024265

00. 1040. O55( Exanpl e 2)...Wafer S4p 253-0 020272 00.093 0. 060( Exanpl e
2)...Wafer S5(Conparative0.105-0.0280,1320. 0320. 024Exanpl e 1)\Wafer S1 0.135
-0.029 0.1640.0380.028 -28 Table 3 Par amet er Peripheral Portion

Uni formty Maxi mum [ St andar dvaxi mumM ni rum M ni numAver age devi ati on(~
rr)(gyrr)( rr)(gyrr) ( mWafer S2p 002553 -0556 0-0 3090 111(Exanple

2) ... .. 0515 -0390 0300 | -00 073ple 2) (Exa..... Wafer S4_p 008494
- 0486 0- o 2880.

S5( Conpar at i ve- éOOégx ng??%éz%é’ﬁnﬁg\ggg{l Y dgE e srpate s whole wafer,

S51-0.183- Ig)ro%% 1(r)1g7a3p ugaﬁtsyoc())f I‘]é ?al measuring positions as indicated by the dotted

line in FIG.3, configuration profiles of from the wafer central portion We to

the edge portion We (excluding the chamfer portion Wm) are obtained for

5 each given angular space (0), and such a one-dimensional analysis is

performed for each of the configuration profiles, thereby the surface
characteristics A and B being obtained.-

As a result, plural surface characteristics A and B are obtained
along the wafer peripheral portion. It is especially preferable to analyze a

10  configuration profile radially along about 400 lines (at an angular space of
about 1 degree or less) within the wafer surface. While the value of the
angular space is naturally in excess of O degree, very exact evaluation can be
performed in the wafer peripheral portion with the angular space of 1 degree
or less. Note that it is preferable to perform evaluation excluding parts

15 including a notch, an orientation flat and a letter printed with a laser mark
because the parts cause abnormal data easily.

More exact evaluation can be performed than in a conventional
wafer configuration evaluation by using surface characteristics A and B. In
addition, evaluation can be performed on configuration uniformity in the

20  wafer peripheral portion by analyzing surface characteristics A and B along
the wafer peripheral portion.

Next, an evaluating apparatus for performing the above evaluation
18 described below. FIG. 11 is a schematic explanatory view showing an
essential structure of the apparatus for evaluating wafer configuration

25  according to the present invention. An apparatus 20 for evaluating a wafer



Table:-4 5 (A - B) Paraneter Peripheral Portion Uniformty

Maxi munM ni nrumvaxi numAver ageSt andard(wm (~, m - M ni nunm(gyn) devi ati on( m (

m Waf er S2p 6360 251384 00.4190. 074( Exanple 2)...Wafer S3p 619215 0404 0404
00. 069( Exanple 2)....Wafer S4 579 0 195 0 385 380 O I 0.070( Exanpl e
2)....Wafer S5(Conparative0.9300.2820. 6480. 5410. 157Exanpl e 1) V\af er

S10. 9420. 2230. 7190. 5180. 141 (Conparati ve Exanple 1) Then, eval uation was

performed on a wafer manufactured in a -29 common wafer manufacturing
process - - at | - . T fer. turing. process _
conpri se%,anggs %@{néﬁg‘?’géﬁor?i (g'l ?‘%llsngﬁt%@agé%g eyef:(flglogt%}leal lfgtler{ oa%%t ain a

thin and di sk-.shaped waf er hanf eri ng step of..chanfering a perjpheral
edge portainoaﬁlysolF 0? ﬁigs%?eeIPe ‘ggpgﬁrﬁéﬁ?ac%r%u%ﬁvﬁﬁléf\g’l W&%C@Pgﬁl%g aS%E‘ﬁPevent
crackin nd, chy ppi f the wafer a | apping.step, of, flattenjng this wafer
“an etchig agge%i’t%ﬁ%r M@%ﬂﬂ%’%i‘?ﬁ%‘?&rgﬁ H%hta?goha\”&%a?rfilﬁ@f%@meﬁ& in the
so chanfered and | apped wafer a qolishi ng step of making a mrror surface
of the vveﬁaélrgea% £ IOHRRES n‘ﬁltgtép BFeTC [CSEAARYY tHe 3¥ol FWRBMRtgafie¢usingr enove
an abrasive slurry or dust particles deposited thereon. The wafer 10

manuf &ct UREERATSR, AHETHOHADASWRIF e ALARRtTAlY wrearyirps shidtssinihe disthaceed to as
S5. Evaluation was perforned on the wafer S5 according to the nethod for
eval uat i igom Wsr Brevionfly gatihrited wsfenemee potatens the cisplacamento &s the obt ain
a graph as shown in FIG 8. Furthernore, quantified evaluation results are
embodiment shown in FIG. 11, the displacement measuring unit 26 functions

as a configuration measuring unit.
The test stand 22 is a stand used for placing thereon a silicon wafer
10 W as an object to be measured. The displacement gauge 24 is an apparatus
for irradiating a laser beam with a prescribed space onto a surface of a silicon
wafer W placed on the test stand 22, and for instance, a HeNe laser or the
like is used as the laser beam. The displacement gauge 24 is equipped with
an automatic focusing mechanism (not shown), and this automatic focusing
15  mechanism is provided with, for instance, a CCD (Charge Coupled Device)
camera (not shown), an automatic focusing circuit (not shown), and others,
and can automatically focus on an image reflected from the silicon wafer of
the laser beam which is emitted from the laser oscillator.
The displacement gauge 24 measures the displacement from a
20  reference point when focused by the automatic focusing mechanism, and
inputs the displacement data into the computer 28.
The computer 28 is equipped with a CPU (Central Processing Unit),
an RAM (Random Access Memory), an ROM (Read Only Memory), etc. The
computer 28 into which the displacement data output from the displacement

25  gauge 24 are input, reads the analysis program stored in the ROM using the




15 additionally shown in Tables 2 to 4. A configuration eval uation nethod
is the sane as Exanple 1. The wafer S5 was | oaded into a stepper with the
result. that abnormal stop of the stgg&er was observed at a rate of 100 %
A difference between the maxi num val ue'and the m ni rumvalue (the B
paranmeter 20 peripheral portion uniformty) of plural surface
characteristics B obtained on a wafer was 682 nm Uniformty of a

peri pheral portion in the surface characteristic (A - B) was 648 nm

Eval uat i sults of the fer eval uat.ed i.n Exanpl e are_al

addi ti on @Fgﬁa\%or?‘r?r?ﬁb?% Cglcl‘f?]tﬁg \{}lﬁ)ﬁ‘b‘?fﬁ% chgrgptes St%cﬁ(]éA %?‘g%‘éfft%ﬁ/as al so
observed with the wafer S1. Thus, the 25 wafers Sl and S5 _were poor in a
process u%f Cl“r?glt&aé%élﬁlg fq thespresaRbinveation fromibeppat dishiargaent the B
par anmet er _exert | arge influence on stop of the apparatus. As for wafers
S1 to S5, d%ﬂ@ew’éﬁﬁaa@e ZW&Jm Thee speferpiehpractpasticoarapatonetary qspheialimxi mum
val ue - the m ni mum val ug%a(i n the B paraneter in 5 FIG 9 and the peripheral
portion uRfgbtorievelyatien el patirhoraluwrtionied the mafeum val ue) in the (A-B)
paranmeter in FIG 10. It is found that a wafer with the B paraneter

peri pheral pdit obRevdrdsnmithy e6mpatemMSoreotmpstsess agettagadmaeanaf frr wi t h
the (A - B) paraneter peripheral portion uniformty of 500 nmor less is
good. 10 $Ecaspvely3)nividimg midestoaher comiigimcionr idaga poloeéssd skhowhei n
Exanple 2, the B paraneter uniformty was not able to be reduced to be

per f ect| ydGplacemart messuriAganriti(tigd sonfiairatisnwaegsevat uatigdo@cewd @i Ng to
the configuration evaluation nethod of the present. invention to sorted

waf ers wi tinfacd bhareopestld clculdten ®@SEMr +daMeRE a0 rddirhiehed{thetan t he
sorted wafers were | oaded into a device process. To be concrete, wafers

havi ng t hactaulfyaeeashaidecsler) sf BonB tREcRAGI Jorfih QR LWM&?W' tto}’th%f 600 nm

e
or less (these wafers had the surface characteristic (A - peri pher al

portiTm uBAEOLBHidn ChertOP AR Che lsE5S, ! | pf0cess
and oper ati%ng of thee st epper vveerse o)gg\é&%\?gcc?.’ Q%Iséﬁga&&%g ?elgegﬁe?lgigtq{n\ﬁag

confir medréfiadnden@il84)ERPRI thAAS n A1 fpg)%ﬁ@ﬂ%g};ﬁé wakdr to(aquﬁﬁﬁaatr&ér éﬁﬁgﬁpl e 2)

Waf ers manufactured in a combn wa manut act uri ng process Oaded

oo SETORSES NPUin SR8 VALY ANAKEWLD o,

abnormal stop of e stepper was obs t he "appararus

at 25 a f 0 % of processed wafers. Eval uation on a
vefor - STOMEREE bR he The et M B TR TR PR B Ak hows
that. the_wafer peri.pheral .portion. uniform i,n,t.he surface characteristic
8 aas 600 A ErvREh4ROR, Angb e B S A Rp b e oSl o8 e et 1y 1 n
the s éfacE ch%ract.eri stic (A - B) (the maxi mum val ue - the m ni mum val ue)
was al %o 5PBHRAF'HFBrS more. Note that abnormal stop occurred or did not
occur for wafers }g vilﬁg.the peri pheral portion uniformty in the surface
characteristic BEGF tieibrderhematifee¥RlAgatsy BBY HROFENZ0aN reRseviah t hi s
value is 600 nmor | ess, an Bcg,urrence frequency of the _apparatus stop is
great |y rSHHeEUre qharatier prabadiaenty of Ahe apRarays: or crvabratiparemeaiorr e not .
sorted precigely 10 with_ the B _parameter al one. By evaluating wafers with
the peri pleREEUIYN asrordingdorthe presentiaventipac & apathartiarbediment for B) |
the wafers are control | ed nore precisely. Especially, wafers with this

val ue of the ¥prEatey fapevakiasing eswvadel senfhgurasinay, nal thicksess Theyebé s a
case where abnornmal stop does not occur for a wafer 15 having the

peri pBEr almeasuredn Wik f ar fiatyessn mersuBinzr anit desed  600anmedectrmstatiand
therefore, while it is not necessarily conceived that the cause for stop of
a st epper capatitanecedystent he pleoweoff dEpla®emdntt ofiyhbewafemcennfeck.i NThé ew of

t he above natter that the factors evaluated in the present invention exert
a | arge i riidtnepcmenberisgmnilbaskdain tle ¢loctzastaticraphetshappetenriscssd, t he
peri pheral portion uniformty in the B paraneter is especially inportant
and it is dcoaridichress abaasuramestopiof34 kqumpedr withsaithicledisseghugsi B9 waf er s
with (the maxi mumvalue - the mninmmvalue) of 600 nmor |ess anong the
per i pher alcopmmisivg etephfdsganiatamaTitamict dyme dfuppdgiangl lnafeessnwdrtstB2at BBb maxi mum
value - the 25 minimnumvalue) in the (A - B) paraneter uniformty of 400 nm
or |egd, stwpnged such that the wafer W is held between them as shown in FIG. 12,



32 of -the apparatus is greatly reduced, resulting in inprovenment on a
product yield as well. Furthermore, in evaluation of the peripheral portion
uniformty, stable evaluation was en_stg_ed when an arbitrary position X of
the evaluation 5 nethod of the present invention is set at a position of 30
mm from the wafer peripheral portion and neasurenent of the wafer
configuration is perforned using date obtained froman area excluding 1 mm
of the wafer periphery (excluding a chanfered portion). 10 Capability of

Exploitatjon_ in |ndustry.: . ical. sf fect the present invention will be
descri beaarbde]lr%%suﬁgigh%\ct eSSrOfa&E%i“caﬁ]égg }ﬁ%argg?%ﬁlw tthea§$£%%?| bed
space usi,ng a displ acene or,t hi ckness neasurin ans n define a wafer
confi gur eﬁq%gﬁeﬂﬁi‘g Sﬁfl@?f‘isgiﬁay G Hgper 38833\‘,’? gH%ﬁ%ﬁ &Se( PafgaMeul at i ng
means than a ]{5 onventj.onal index indicating flatness such as SFQR
Especi al I3PSPEFIVELY t hé&SpEhg glﬁ‘ép%ﬁs pressmeu o baBed dm theeelaetestatmst er can
be quantitatively evaluated, it can be determ ned surely whether a wafer is
good or PEPRCHANGE PSR FedorMNewidlomonraontset by igfuwaférohizkakest i on
met hod of the present invention, 20 quality that. has not been precisely
eval udt edlafmess o, BOYYEYARR ymeasuing vhlta spehi phelitrapGranigen 9900
configuration of a wafer can be quantitatively evaluated, and thereby a
waf er corftoguced byrABsCorpumabbeusat. |it hography can be defined. By
defining wafers with val ues of peripheral portion uniformty in 25 the B
par anet er and tWbe@pparatiys J0afoaresbratirge wared comfigu@htien shbhe in FIG.

12 comprises a wafer holding jig 36 for holding a wafer W, the above

-mentioned thickness measuring unit 34, and a computer 28, and is used for

10 measuring a thickness of the wafer W. In the embodiment shown in FIG. 12,

the thickness measuring unit 34 functions as a configuration measuring unit.

Thus, any type of evaluating apparatus may be used without any
specific limitation, provided that it can finely and accurately evaluate
configurations (irregularities) of the wafer W.

15 The surface characteristics A and B are evaluated on the basis of the
displacement or thickness measured as described above. Specifically, the
reference line is a line calculated by means of the method of least squares and
other methods. Therefore, as to the space with which data are to be sampled,
the finer, the better. Specifically, a proper range for the space should be 1

20 mm or less.

Next, the configuration evaluation using the surface characteristics
A and B actually calculated by the apparatus for evaluating a wafer
configuration according to the present invention is described below. FIG. 1is
a view showing values for the surface characteristics A and B of a prescribed

25  wafer, and a configuration profile on a cross section thereof. In an analysis



33 m ni mrum val ue of eval uated values), preferable wafers for a device
process can be sorted. By using the surface characteristic obtained
according to the wafer configuration evaluation nmethod of the present

i nvention, evaluation can be 5 nore ptecisely than conventional wafer
configuration evaluation and hence abnormality in a device process is
prevented, resulting in inprovenent on a product yield. 10 -34 CLAIMS 1.
A nmet hod for evaluating a wafer configuration conprising the steps of: 5
obtaining plural wafer configuration profiles of fromthe central portion
of a waf @rogramhef dugeupfare icgaradterietits abbmdptinhe reedis, esrpeniiphienyfor her eof
at a prescribed angul ar space providing a first region for calculating a

r ef er encecallduletihgr tleachriate tdherpctetisties AnandeB denprogramingel dbr tthehwaf er 10
calculating the reference line in the first. region further providing a

second r ggiofite.i NFtithepmoir@htiialanaiydts @irogien waf &rsodiw siedevdln@tihigt 8h regi on
extrapol ating the reference line calculated in the first region to the

second r egieragd Sahnrabyzamdard deatiattod almagindakl yaleasidr£ehiMah s valde
reference val ue) obtained by subtracting the reference Iine (the reference

val uef i moftfiarslenofictercd@irastefistias a, B (AU B ohesinel TG baldsklsRagur ed
val ue) in the second region

peripheral portion of the wafer.

In the analysis program, as for the surface characteristic A,
thickness data of a mirror polished silicon wafer are read with an arbitrary
space (about 1 mm) on the silicon wafer from the central portion thereof

10 toward the edge portion; then a reference line is prepared using the thickness
data in an extensive first region by means of the method of least squares; a
difference between the reference line and a configuration in a second region
to be evaluated is calculated, and the maximum value within the area is
analyzed.

15 As for the surface characteristic B, thickness data of a mirror
polished silicon wafer are read with an arbitrary space (about 1 mm) on the
silicon wafer from the central portion thereof toward the edge portion; then a
reference line is prepared using the thickness data in an extensive first
region by means of the method of least squares; a value obtained by

20  subtracting the reference line from a configuration in a second r-egion to be
evaluated is calculated, and the minimum value within the area is analyzed.

The analysis described above is conducted on each profile along the
peripheral portion of the wafer. By analyzing surface characteristics A and B
obtained from the plural profiles, uniformity (variation) of a configuration in

25  the peripheral portion of the wafer is evaluated. To be concrete, evaluation is



cal cul ating the maxi num val ue anong the values as a surface 20
characteristic A and the m ni num val ue anong the val ues as a surface
characteristic B; and eval uati ng con_fé(p_urati on uniformty in the peripheral
portion of the wafer from plural surface characteristics A and surface
characteristics B obtained along the entire peripheral portion of the
wafer. 25 2. The nmethod for evaluating a wafer configuration according to
claim -35 1, wherein the configuration uniformty in the peripheral
portion qf [ i e e t i mum
Vel ue andeFise el Fan Suige YALEE SRR devPLEET BELURE STuL
obtained jn. i rti on.of the waf.er. 3. 1 ®he thod for

eval uat i r%ﬂléhlvq}a &%ﬁ%eg%g?gh}rl%%i Oz)fnS ugga(?(%rc Fﬁ%Ct? %lséFsagn'ﬁuf ﬁmeﬁ}iﬁerteﬁge
configuration unjform in the peripheral ,pgrtion,of the wafer i

eval uat egjeltWSFﬁla R f%f%ﬁcgh%‘&%‘gréﬁlghg ARG | Hemsvafase %lh%Fath%“fﬁ%iS%um val ue
of the plural. s&rface characteristics B obtained in the peripheral portion
of the wiPEFeiRAitaT myayebe B¢ iBRe o & A% ARElaes rharacheriatic BynfBher AdioB)
according to claim 1, wherein a difference (a surface characteristic (A -
B)) bt weRATamRieBur f ace characteristic A and the surface characteristic B
is obtained fromeach of the profiles, and the configuration uniformty in
the peripheral porthithe agparptusiiregvaluatdnalaugeatar sonfiguaatiphfasceriegbet ween
the maxi mum_ val ue and the 15 mni mum val ue of the plural surface

char act ertosthec pr¢sant iByenthomidescribed whevaeby phadialg mdetd oomphitethendaf er. 5.
The nmethod for evaluation a wafer configuration according to claim1,
wher ei n tdmealyomi djeplacemantidatomeiasyrdduding apesepherm| opdritkmessafathhe waf er
is evaluated with standard deviations of plural surface characteristics A,
20 surf acmeabuareglc twithstdarc selBetapstditicl empncieset hgpebehiskansy smehateng
characteristics (A - B)) obtained in the peripheral portion of the wafer .
6. THe neinsoehrhent, evidrgathngba waltelatednéudgadatdhanaaesetids ng tadarp, one of
claims 1 to 5, wherein the wafer configuration profile is a val ue neasured

with a presdiddetospadtrmitpintlee sevipBes] @briibe awafRhersand 25 di spl acement
in the direction vertical to the wafer surface or a thickness of 36 the

wafer. 7. The _maashq@sér%edem_a&wtadagrcﬁng%eﬁhe%mgeayriﬁtqémoﬁcgogﬁmg to
claim6, wherein the prescribed space for neasurenment is 1 mmor |ess. 8.

The met ho%ﬁf%ul‘ﬁ\ﬁ%hu@f NG e Mol §loch iagggflg%@fhla'gt%ﬁdﬁ Qgﬁfé?)far{bﬁxe%eone of

clains 1 to wherein the prescribed an space to obtain waf er

confi gur aEirélﬁaPé&faicE&%tjal&fB%% %grﬁéfsiQrofl £3ecitc faWRERL ! Yagiad Qy the

met hod for evaluating a r confirguration according to any one of clains
l1to ' ' ' \: d . M Ri_mum

val ue§50f ng‘eafﬂaﬁng#r% aggé ?%ﬁ%’gﬁ%@g??@@ﬁé‘g& éhg%{y gigﬁ%(ggwa? ?%H{;ﬁlo%lm ace of
the waf er og{aqﬁint %%r(iagggﬁfriing plural surface characteristics A or B along the

peripheral portion of the wafer, evaluation on configuration uniformity of the
wafer peripheral portion can be realized. It is possible to obtain more
effective information as compared to the conventional evaluation for the
20  wafer configuration, and hence problems in a device fabricating process such
as a process using an exposure system and others can be solved. Moreover,
the surface characteristics can be fully used as parameters for analysis of
various experimental data, too.
Examples

25 The present invention will be further described more detailedly by



peri pheral portion uniformty ) is 600 nmor |ess. 10. A wafer evaluated by
the nmethod for evaluating a wafer configuration according to any one of
claims 1 to 8 wherein a difference b iween t he maxi num val ue and the

m ni mrum val ue of plural surface 15 characteristics (A - B) obtained within
a surface of the wafer (the (A - B) paraneter peripheral portion uniformty
) is 500 nmor less. 11. The wafer according to claim 10, wherein a

di fference between the nmaxi nrum val ue and the m ni nrum val ue of plural

surface charaeteri.stics (A B.) oht.ained wfhin the er _surfac the (A -
B) par arreWg Ogéﬁ? Ecﬂéopv&pgfgawl%f &ﬁu%isg&ﬂ\rﬁ ’?‘%ﬁ‘inﬁt&uﬁ%@?ﬁ%ﬁw E%‘gl.élz. A
waf er sor%jagjg%e\r%zréﬁod, wherein there are sorted wafers each having a

di fferenc Yhe maxi mum val ue and the nini mum val ue of plural
surface characteristics B (the B paraneter peripheral portion uniformty)
of 600 nmiBraPeLslbyval uat ed by the method for evaluating a wafer 25
configuration according to any one of clainse 1 to 8, the sorted wafers
being -3? used§SRVIRHOBX FHsube gjdareml 23, eramaierofséhe i eanfrwraban wher ei n
there are sorted wafers each having a difference between the maxi num val ue
and t e n§YalrakPn apeidodof thepaeseagirwentiahalmthis exeminde, qvaluatB)n ptalse (A -
B) paraneter perjpheral 5 portion uniformty) of 500 nmor |ess evaluated
by the netdiskictest onveal aneh gnizravapdishednd afpu(200 onmaoc diacietgr tamdadp one of
claims 1 to 8, the sorted wafers being used in an exposure system 14. The
waf er sormmgimetidtll efcaoperiphetal ellgé morBpnwheingi & themdedepsais®d waf ers
each having a difference between the nmaxi num value and the 10 m ni num val ue
of pl ur al meunffacterehar achermsh imsn@fctur® g prdesé ATheByafearanefeeredpr i pher al
portion uniformty) of 400 nmor |ess evaluated by the nethod for

eval uati ngs&lwaf er configuration according to any one of clainms 1 to 8, the
sorted wafers being used in an exposure system
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1098 () - | 10wRacheripgegLp)athen gugds,)the surfaeg qharactegetics @ and B are the

maximum value and minimum value in the second region to be evaluated of

25 70 mm to 98.5 mm, respectively
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5 Then, there ware analyzed the surface characteristics A and B

obtained from the profiles. While the surface characteristics A and B have

400 values, evaluation thereof was performed excluding 13 values thereof
which were obtained from profiles intersecting a notch.

In FIG. 4, there are shown changes in A and B parameter values at

10  evaluation positions for the evaluated surface characteristics. The abscissa
of FIG. 4 indicates the evaluated position 6. The position 0 is obtained by
plotting values evaluated rotating the wafer in the range of 360 degrees in
the clockwise direction at the notch as 0 degrees. The ordinate indicates the
A and B parameter values in pm unit.

15 With such forms as shown in FIG.4, there can be confirmed
uniformity in the peripheral portion of the wafer based on the surface
characteristics A and B. In the wafer evaluated this time, a large change in
the B parameter is observed at a position almost opposite (180 degrees) to the
notch.

20 Note that in a case where the wafer S1 was loaded into an exposure.
system, the system stopped frequently. As the exposure system, a stepper (a
common name of a stepping projection exposure system) was used in which
the wafer is repeatedly stepped and exposed to a projected image of a mask
pattern (a reticle pattern). As the exposure system, there may be used a

25 scanning exposure system. The present inventors have seriously
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configuration.
5 This is considered because if there is a large change in the B

parameter (local sags) in a wafer as shown in FIG. 4, a focus of the exposure
system is displaced, which makes impossible of control by auto-focusing, so

that a focus error arises to stop the system abnormally.
Therefore, evaluation was performed on an average value, a
10 standard deviation, a maximum value, a minimum value and (a maximum
value — a minimum value) of plural surface characteristics A, B or (A—B).
Results of the evaluation are shown in Table 1. While changes (variations) in
the parameter can be visually observed when the graph as shown in FIG. 4 is
prepared, quantitative evaluation can also be performed by obtaining (the
15 maximum value — the minimum value), the standard deviation and others.
In the present invention, evaluation can be performed quantifying uniformity

of the configuration in a peripheral portion of the wafer.
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|10 (11 1) 100 ﬁ«%@@#“ yoedte! en?féfg(w el () - XLOVE ()-

10 10 10, 2, #109%&' | %I\ 2, #1D9&' () - )Xx‘(YNHaK{Iﬁh}n’\f A Standard .
L1 X - #1098 ()A St %i&flﬁ‘)mm i l@ﬂéﬁkm(c M?( 0y () i(?ﬂlﬂ)gs#lo%gévggﬁé?h 10%& () -
LY\ ] *FARA ALATAGAL 109%&: (@m)Y109& )07 pm ()
A 0.135 -0.029 0.164 0.038 0.028
parameter
B ~0.183 -0.919 0.736 —0.480 0.143
parameter
A -B) 0.942 0.223 0.719 0.518 0.141
parameter

5 (Example 2)

In order to confirm the above findings, evaluation was performed on
wafers manufactured in plural different wafer manufacturing processes by
means of the above method for evaluating a wafer configuration. To be
concrete, wafers were manufactured altering wafer manufacturing processes

10 so as to decrease a uniformity value of a peripheral portion in the B
parameter.

Generally, the wafer manufacturing process comprises, a slicing
step of slicing the single crystal ingot with a wire saw or the like to obtain a
thin and disk-shaped wafer; a chamfering step of chamfering a peripheral

15 edge portion of the wafer obtained through the slicing step to prevent
cracking and chipping of the wafer; a lapping step of flattening this wafer; a
flattening step of surface grinding or the like; an etching step that removes
machining deformation remaining behind in the so chamfered and flattened
wafer; a polishing step of making a mirror surface of the wafer; and a

20 cleaning step of cleaning the polished wafer to remove an abrasive slurry or
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wafer configuration such as a bow and a sori. For the purpose, there are
methods for controlling a slurry temperature, a feed rate of a wire and others.
As an improvement in the chamfering step, it is to perform grinding

10 and mirror-chamfering while taking care of uniformity in chamfering. For
this end, it is to perform the chamfering so as to control uniformly a contact
pressure of a grindstone, a buff or the like. It is also to control it with the
number of rotation of the wafer and the grindstone (buff) or the like.

As an improvement in the etching step, it is to take care of

15  uniformity of etching. Especially, the etching is performed controlling
uniformly streams of the etchant. For this end, there is a method to control
the speed of rotation of an etching drum and others. It is also to improve it by
reducing a contact area between the etching drum supporting wafers and the
wafers.

20 As an improvement in the surface grinding step or the lapping step,
it is to machine the wafer controlling spark-out because work damages and
the like are easily generated when a fixed grindstone or a lapping table are
sparked out after the lapping is over. In the surface grinding, adjustment is
made on a grain size of the grindstone, a rotation speed thereof, a feed speed

25  thereof so as to generate grinding striations at the lowest level possible.
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As improvements in the polishing step, there are following
measures: adjustments of a polishing pressure applied on a peripheral
5 portion of a wafer in polishing, that is a change in a size of a work holding
plate, polishing such that the central portion of a work holding region is of a
harder quality while a peripheral portion thereof is of a softer quality and the
peripheral portion is vacuum-chucked; and a back surface coat is formed on a
back surface of a work, the work is held via the back surface coat and a front
10  surface of the work is polished, wherein thickness of the back surface coat is
different between the peripheral portion and the central portion in polishing.
By changing a polishing pressure on the peripheral portion with the above
methods, peripheral sags can be controlled. There is also usable a polishing
method in which a pushing pressure applied on a work peripheral portion is
15 controlled independently of the central portion by changing a polishing head.
In this example, the above improving methods are combined mainly
with a process including: a slicing step; a chamfering step; a surface grinding
step; an etching step; a low damage lapping step; and a polishing step to
obtain wafers S2, S3 and S4 manufactured by three different wafer

20 manufacturing processes.
The wafers were evaluated according to the method for evaluating a
wafer configuration of the present invention to obtain graphs of FIG. 5 (wafer
S2), FIG. 6 (wafer S3) and FIG.7 (wafer S4) in respect of the above three

processes. A wafer configuration evaluation method is the same as in

25 Example 1.
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Moreover, quantitative evaluation was performed on the average
value, the standard deviation, the maximum value, the minimum value, and
(the maximum value — the minimum value) of the surface characteristic A,

the surface characteristic B or the surface characteristic (A — B) of each wafer.

5 Results of the evaluation are shown in Tables 2 to 4. The above wafers were
loaded into a stepper, no abnormal stop of the apparatus being observed. As
to the wafers, as can be seen from Table 3, a difference between the
maximum value and the minimum value of plural surface characteristics B
(peripheral portion uniformity in the B parameter) obtained on each wafer

10 was 600 nm or less, that is 556 nm, 390 nm and 486 nm, respectively.
Furthermore, as can be seen from Table 4, uniformity of a peripheral portion
in the surface characteristic (A — B) was 500 nm or less, that is 419 nm, 404
nm and 380 nm. These wafers S2, S3 and S4 were good in a process using a
stepper.

15 Table 2
A Parameter Peripheral Portion Uniformity

. .. Maximum Standard
Maximum | Minimum .. Average D
(1m) (um) — Minimum (um) deviation
(pm) (um)
Water S2 0.330 ~0.007 0.337 0.110 0.079
(Example 2)
7
Water 53 0.241 ~0.024 0.265 0.104 0.055
(Example 2) .
Water S4 0.253 ~0.020 0.272 0.093 0.060
(Example 2)
Wafer S5
(Comparative 0.105 -0.028 0.132 0.032 0.024
Example 1)
Wafer S1 0.135 -0.029 0.164 0.038 0.028
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Table 3
B Parameter Peripheral Portion Uniformity
Maximum | Minimum Ma.’“?““m Average Stax.lda‘lrd
(ym) (pm) — Minimum (um) deviation
(um) (um)
7
Wafer 52 0.002 ~0.553 0.556 ~0.309 0.111
(Example 2)
Water 53 ~0.124 ~0.515 0.390 ~0.300 0.073
(Example 2) |
Waler 54 ~0.008 ~0.494 0.486 ~0.288 0.100
(Example 2)
Wafer S5
(Comparative —0.253 —0.935 0.682 -0.509 0.154
Example 1)
Wafer S1 -0.183 -0.919 0.736 —0.480 0.143
Table 4
5 (A~ B) Parameter Peripheral Portion Uniformity
) .. Maximum Standard
Maximum | Minimum .. Average .
(sum) (jum) — Minimum (em) deviation
(pm) (pm)
Wafer 52 0.636 0.251 0.384 0.419 0.074
(Example 2)
Waler 53 0.619 0.215 0.404 0.404 0.069
(Example 2)
7 .
Wafer S4 0.579 0.195 0.385 0.380 0.070
(Example 2)
Wafer S5
(Comparative 0.930 0.282 0.648 0.541 0.157
Example 1)
Wafer S1 0.942 0.223 0.719 0.518 0.141

(Comparative Example 1)

Then, evaluation was performed on a wafer manufactured in a
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common wafer manufacturing process as Comparative Example 1. The wafer

manufacturing process comprises, a slicing step of slicing the single crystal

ingot to obtain a thin and disk-shaped wafer; a chamfering step of chamfering

a peripheral edge portion of the wafer obtained through the slicing step to

5 prevent cracking and chipping of the wafer; a lapping step of flattening this

wafer; an etching step that removes machining deformation remaining

behind in the so chamfered and lapped wafer; a polishing step of making a

mirror surface of the wafer; and a cleaning step of cleaning the polished wafer

to remove an abrasive slurry or dust particles deposited thereon. The wafer

10 manufactured from the common wafer manufacturing process was referred
to as Sb.

Evaluation was performed on the wafer S5 according to the method
for evaluating a wafer configuration of the present invention so as to obtain a
graph as shown in FIG. 8. Furthermore, quantified evaluation results are

15  additionally shown in Tables 2 to 4. A configuration evaluation method is the
same as Example 1.

The wafer S5 was loaded into a stepper with the result that
abnormal stop of the stepper was observed at a rate of 100 %. A difference
between the maximum value and the minimum value (the B parameter

20 peripheral portion uniformity) of plural surface characteristics B obtaiﬁed on
a wafer was 682 nm. Uniformity of a peripheral portion in the surface
characteristic (A —— B) was 648 nm. Evaluation results of the wafer S1
evaluated in Example 1 are also additionally shown in Tables 2 to 4.
Abnormal stop of the stepper was also observed with the wafer S1. Thus, the

25  wafers S1 and S5 were poor in a process using the stepper. It is found that a
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local change in the B parameter. exerts a large influence on stop of the
apparatus.

As for wafers S1 to S5, there are shown the peripheral portion

uniformity (the maximum value — the minimum value) in the B parameter in

5. FIG.9 and the peripheral portion uniformity (the maximum value — the

minimum value) in the (A—B) parameter in FIG.10. It is found that a wafer

with the B parameter peripheral portion uniformity of 600 nm or less is good

and a wafer with the (A — B) parameter peripheral portion uniformity of 500

nm or less is good.

10 (Example 3)

Even in the wafer manufacturing process shown in Example 2, the
B parameter uniformity was not able to be reduced to be perfectly 600 nm or
less. Accordingly, wafers were evaluated according to the configuration
evaluation method of the present invention to sorted wafers within the scope
15  of the present invention and thereafter, the sorted wafers were loaded into a
device process. To be concrete, wafers having the surface characteristic B
peripheral portion uniformify of 600 nm or less (these wafers had the surface
characteristic (A — B) peripheral portion uniformity of 400 nm or less) were
loaded into a stepper process and operations of the stepper were observed. As
20  aresult, it was confirmed that the stepper was not stopped at all.
(Comparative Example 2)
Wafers manufactured in a common wafer manufacturing process
were loaded into a stepper process without sorting of the wafers. As a result,
abnormal stop of the stepper was observed. Stop of the apparatus occurred at

26  a frequency of the order of 10 % of processed wafers. Evaluation on a wafer
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causing abnormality according to the present invention shows that the wafer
peripheral portion uniformity in the surface characteristic B was 600 nm or
more. Moreover, the wafer peripheral portion uniformity in the surface
characteristic (A — B) (the maximum value — the minimum value) was also
5 600 nm or niore. Note that abnormal stop occurred or did not occur for wafers
having the peripheral portion uniformity in the surface characteristic B of
the order in the range of 500 nm to 700 nm. When this value is 600 nm or
less, an occurrence frequency of the apparatus stop is greatly reduced,
whereas there was a case where preferable wafers were not sorted precisely
10 with the B parameter alone. By evaluating wafers with the peripheral
portion uniformity in the surface characteristic (A — B), the wafers are
controlled more precisely. Especially, wafers with this value of the order of

400 nm or less cause no abnormal stop.
There is a case where abnormal stop does not occur for a wafer
15 having the peripheral portion uniformity in the B parameter of 600 nm or
more and therefore, while it is not necessarily conceived that the cause for
stop of a stepper is limited to the above factors, it may be conceived in view of

the above matter that the factors evaluated in the present invention exert a
large influence thereon.

20 That is to say, in the stepper process, the peripheral portion

uniformity in the B parameter is especially important and it is found that
abnormal stop of the apparatus is reduced using wafers with (the maximum
value — the minimum value) of 600 nm or less among the peripheral portion
configuration uniformity. Using wafers with (the maximum value — the

25 minimum value) in the (A — B) parameter uniformity of 400 nm or less, stop
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of the apparatus is greatly reduced, resulting in improvement on a product
yield as well.

Furthermore, in evaluation of the peripheral portion uniformity,

stable evaluation was ensured when an arbitrary position X of the evaluation

5 method of the present invention is set at a position of 30 mm from the wafer

peripheral portion and measurement of the wafer configuration is performed

using date obtained from an area excluding 1 mm of the wafer periphery

(excluding a chamfered portion).

10  Capability of Exploitation in Industry:

Typical effects of the present invention will be described below.
Displacement or a thickness measured with a prescribed space using a
displacement or thickness measuring means can define a wafer configuration
more precisely by using a surface characteristic calculating means than a

15 conventional index indicating flatness such as SFQR. Especially, since the
peripheral portion uniformity in the B parameter can be quantitatively
evaluated, it can be determined surely whether a wafer is good or poor on a
prescribed criterion.

In the configuration evaluation method of the present invention,

20  quality that has not been precisely evaluated until now, especially quality of
a peripheral portion configuration of a wafer can be quantitatively evaluated,
and thereby a wafer configuration most suitable for lithography can be
defined.

By defining wafers with values of peripheral portion uniformity in

25 the B parameter and the (A — B) parameter (the maximum value — the
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minimum value of evaluated values), preferable wafers for a device process
can be sorted.

By using the surface characteristic obtained according to the wafer

configuration evaluation method of the present invention, evaluation can be

5 more precisely than conventional wafer configuration evaluation and hence

abnormality in a device process is prevented, resulting in improvement on a

product yield.

10
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evaluating configuration uniformity in the peripheral portion of the
wafer from plural surface characteristics A and surface characteristics B

obtained along the entire peripheral portion of the wafer.

256 2. The method for evaluating a wafer configuration according to claim
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(A — B)) obtained in the peripheral portion of the wafer.

6. The method for evaluating a wafer configuration according to any
one of claims 1 to 5, wherein the wafer configuration profile is a value
measured with a prescribed space within a surface of the wafer, and

25  displacement in the direction vertical to the wafer surface or a thickness of
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between the maximum value and the minimum value of plural surface
10 characteristics B obtained within a surface of the wafer (the B parameter
peripheral portion uniformity ) is 600 nm or less.
10. A wafer evaluated by the method for evaluating a wafer
configuration according to any one of claims 1 to 8, wherein a difference
between the maximum value and the minimum value of plural surface
15  characteristics (A — B) obtained within a surface of the wafer (the (A — B)
parameter peripheral portion uniformity ) is 500 nm or less.
11. The wafer according to claim 10, wherein a difference between the
maximum value and the minimum value of plural surface characteristics (A —
B ) obtained within the wafer surface (the (A — B) parameter peripheral
20 portion uniformity ) is 400 nm or less.
12. A wafer sorting method, wherein there are sorted wafers each
having a difference between the maximum value and the minimum value of
plural surface characteristics B (the B parameter peripheral portion
uniformity) of 600 nm or less evaluated by the method for evaluating a wafer

25  configuration according to any one of claims 1 to 8, the sorted wafers being
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.37.

used in an exposure system.

13. A wafer sorting method, wherein there are sorted wafers each
having a difference between the maximum value and the minimum value of
plural surface characteristics (A — B) (the (A — B) parameter peripheral
portion uniformity) of 500 nm or less evaluated by the method for evaluating
a wafer configuration according to any one of claims 1 to 8, the sorted wafers
being used in an exposure system.

14, The wafer sorting method according to claim 13, wherein there are
sorted wafers each having a difference between the maximum value and the
minimum value of plural surface characteristiés (A - B) (the (A - B)
parameter peripheral portion uniformity) of 400 nm or less evaluated by the
method for evaluating a wafer configuration according to any one of claims 1

to 8, the sorted wafers being used in an exposure system.



