; abcde3eTvb$6T DESCRI PTI ON METHOD FOR EVALUATI NG WAFER CONFI GURATI ON,
MAFER, AND WAFER SORTI NG METHOD 5 Techni cal Field: The preserm,W’wm !
relates to a nethod for evaluating a f(_)nfi guration of a wafer m&mm
by a silicon wafer, a wafer suitable Tor an exposure system and @kt i ng
“met hod for a good quality wafer. 10 Background Art: Recently, an
i'ntegration level in a sem conductor device has been becom ng increasingly

hi gher because of the renmarkabl e progress in the sem conduc i

t echnol ogy, and with this pr ogrfﬁz% ﬁﬂ%@ d for 15 quali ty”mwm mﬂ"ﬂ'ww
wafer or the |ike has al so been % re severe. As one of the

. a2 . N S50%

i nportant characteristics required to the silicon wafer as describead above,

there is an issue about surface configurations. This is because a higher

integration |ey ' or_devi ce_has brought about

mini aturi zat i mﬁbfg@%@&gﬁ tTa{Nﬂ} MFERSCQ%EI,GéﬁA@PﬁONnduI ation or
the 20 like on a siljcon wafer may lead to faults in a device pattern
during the photol it hBgEERyANR WAFER FOREINGMEMH@Bdi tion, in order to
effectively use a wafer, there is required a wafer which has excellent high
f1 at Mess up to the utnost outer peripheral portion (the very limt of the
chanfered portion) of its main surface. 25 There have been conventionally
used sitteghniealdsieldsased on the front -2 _ side reference, SFQR (Site
Front Least Square Range) and others as the index for evaluating flatness

of the wafer ndiitd @resentbdueent3biRrélates Tumaoimetdndl Y6 Hallugsing at he
respective maxi num di spl acenents in the plus side and m nus side fromthe

r ef er encenfiganetivhiofla wafer fepaésepiteddyi £ sHicohtwaferORtviafRs SubMbtakgRul ating
data with the nethod of |east squares) which is evaluated for each site. A

si ze of drhexposiee isgsigamnandld sortihg e KUMPI® a0Food YNtV afee; D sclosure of
the I nvention: 10 | nprovenents have al so been reali zéd on precision, etc,

of a0 exposure systemalong with the progress of the high integration |evel
as descri bed above) while troubles have frequently occurred that the

exposur eBackground Art:

Recently, an integration ievel in a semiconductor device has been
becoming increasingly higher because of the remarkable progress in the
semiconductor 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

its main surface.

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



system stops in the course of patterning on a wafer. These troubl es have
been consi dered caused by a factor of the 15 exposure system and an
influence of a fine configuration of a wafer used in the exposure system as
wel | . However, the wafer is of a | eve®t which becones no i ssue when
evaluated wth an index such as SFQR, therefore, a clear cause for the
troubl es has been unknown. Consequently, there has arisen a necessity for
eval uating a wafer configuration using a factor other than 20 SFQR to
supply a_waf not ¢ j the, tr |l es ,in the_expqsure system Wen

eval uat st\al\% I%Eerglg& ﬁmgsﬁt? E%mé’gulg‘?sﬁzr$%eaﬁéné‘? ﬁhdpﬁ%@rﬁtasdlhe f1 at ness
in an in].tr;]('a‘[,ilr]g Zi de port.i Orﬁﬁi(‘)if t he fer, is evaluated with good precision,
wher eas Fdoy evajuating flgtness ohthewafonmentiongdiaborer SHQRsa assuofed in a
peripheral portion of the wafer, especially in the vicinity of a 25
boundar Y20 Yiseralyes 94 the rrepprativenmanimanndisplaceniats iof théelwabice. -3 -
Wth the foregoing difficulties of the prior art in view, it is an object
of the pieddnimysnsidet from the pefaredee pland tvdsichais #\dtupldmgi® @k gur ati on
of a wafer froma different viewpoint fromthe conventional SFQR or the
liked a ddpiedibycaledlatingodatee withn the meplosliog leystt eguavest hehichk@, and a
sorting 5 nethod for a good quality wafer. In order to achieve the above
obj ect , evahpateddorf eactesitd.uAtsizeopftheadteris gonétadly’ 20 R s@hatder 25 gHANt

i nvention conprises the follow ng steps of: obtaining plural wafer

confi gursgiase. profiles of fromthe central portion of a wafer to the edge
portion thereof along the entire periphery thereof at a 10 prescri bed
angul ar space providing a first region for calculating a reference line for
each of the profiles in the central side of the wafer cal culating the

r ef er end®istlodfird Hf tHeCIfviehdiont €01 on further providing a second region in the
peri pheral side of the wafer outside the first region extrapol ating the

ref aoence |inelgprsvtmé®d havé NSIshi bedn rr‘égiigg* Logl S)I}gcﬁﬁ)ghgn&cr & on

anal yzing a 15 value (an actually neasure areférence vg?ue)

obt ai nedxpysebbyRehl Abrd &ifie RS ﬁﬁ%gﬁéé'sg@f[ glge{ﬂwlggggﬁggﬁoéajeﬁgg ash Lhe

second region froma confliguratio e a fn the

second rREEQPed Abse a‘%h{elg t}mlggﬂa%rﬁg‘ﬁl%ﬁg’aﬁg‘gﬁﬁé%@ ues _as a surface

characteristic A and m ni nmum val ue EXRUW¥Ece

port pher st ss Fifhei Rt RYE oA P RB oI ace characteristics A and
the varer. 1n CRECORIMIPy HAE BBeR wsrust i dised Wareriatr ab8hPs di vi ded
25 151 e eRatis Sk SR ARt emsr o papiancrehe Tion f  MAEH0ed i8i nce a

refer €Nthe éxposure system as well. However, the wafer is of a level which becomes
no issue when evaluated with an index such as SFQR; thereforé, a clear cause

for the troubles has been unknown. Consequently, there has arisen a
necessity for evaluating a wafer configuration using a factor other than

20 SFQR to supply a wafer not causing the troubles in the exposure system.

When evaluated with SFQR or the like as described above, in

particular, flatness in an inner side portion of the wafer is evaluated with

good precision, whereas there is a case where exact evaluation is not always

assured in a peripheral portion of the wafer, especially in the vicinity of a

25 boundary between a chamfer portion and a main surface of the wafer.



-4 plane is prepared in a narrow area, the SFQR was averaged within the
plane it is often inpossible to performexact evaluation on deterioration
of an actual configuration or the |ike. Especially, in this conventional
eval uating method, a configuration ofSthe peripheral portion of the wafer
-cannot be evaluated 5 accurately. A surface characteristic A (hereinafter
also referred to as A paraneter) and a surface characteristic B
(hereinafter also referred to as B paraneter) obtained by the nethod for
eval uating a we%,e onfigur.ati according tq the present invention can
preferably perf rlﬂ} &&{Prg&%ﬁ dggicé‘ité%ﬁkﬂkﬁﬁ@f’r arisiiy Ylawe licisrdn gbieat i on in
t he peri Bﬁﬁ{al portion of the wafer. Esgeci ally, by analyzing plural
surface SRieSPR I veatiandq providea methed furavalvating agonfgaratson af ong t he
peri pheral portion of the wafer as perforned in the present invention,
confi gur AtWHRT Grom ardiffeventrviewpopdrfrpneahal copwenfionalof FQReomiHeclike,an be
evaluated. At this tine, it is preferable 15 to evaluate the configuration
uni f or m wafemwithe lgrer irphbleal inpantdxposafe shstewnberthbriike, aamd fof s6:2nee bet ween
t he maxi num val ue and the m ni num val ue of the plural surface

char a&t emeghod forra gbodhgnalityt wafdre peri pheral portion of the wafer (this
configuration uniformty in the peripheral portion is referred to as A
parameter peri dneorder pohthiete the hB6VE sbjbet, AdnEtHIdBY EPARmatAlg 4 Wated | MB, it
is preferable to evaluate the configuration uniformty in the peripheral

portion ednfifirativhesf ftherprsehf fiveR6EEn DERBed BB BNbIA V&éﬂ& gnd the
m ni mum val ue of the plural surface characteristics B obtarned in the

per i pher abtap@inigl slaref whbg sl rﬁﬁibﬁiéﬁﬁlbfsicﬂ'%d%itﬂ@ ééﬂitxtaqweﬁirgi nldt 4 €

peri pheral portion is referred to as 25 paraneter peri pher portion

i f ' b ' t th f

Char act er o = S8 R R, Heret ARl 0 SR RN T URIOREF ot i st c
haracteristic A | EAOGAS at

Cont | gut B TeRoL A FRERL (PRSPt ABECHaES (o AENARRG o SPEriE

varue- of ERaonPatE bt U PREDed TG bbb B BT et e ateti BB .

val ue of the ace characteri sti waf er

f i ' i iformty in the,.periph ti, f th
vl or s armeR M, BB SRRy R Fugoher Sop ViR A BEFOrL ORI Hor § on
i f ' fi ' i f ity in th i ph I
por 1 on PP SUE" of, UAE R Blfelle Mo Beeioheli mviammberEnSr pl ural
f i Sti f h i sti B diff
Cher obot a0k Sie el Bt Bt Dhe BRI GR 1o Hhs Solondieioms AnelEapEm pher o

porti.on of. the wafer as variations. Here, the wafer configuration neasured
Wi t hi5g pY%lélgr ?%éda‘gﬁﬁﬁg Welaﬁflﬁe‘fh\éal\ﬁéf er s Pfezence sVEtinspI%éémdt kyhei ght or
roughness&bti n the *1)5 d%recti on yertical to the wafer surface or a wafer

t hi cknesPHERSME Ehe relshendrding (e getarenee yaluehin the esondmegiontfroml to the
waf er surface. nakes it possible to perform eval uation based on the front
si de ref%r‘é‘ﬁgﬁeg.ur%'rophéﬂ}e eYAPalyi geasiredevakedr in hithsk rresendrakesiont

possi bl g@éo perform eval uati on based on the back side reference. 20 The
prescri c‘élﬁ JRAxBRYMayAlve among Wiecyalbley as ansnrdacd dwmattaristin excess
of O mm, The prescribed angul ar space to obtain wafer configuration

profi | eshiand,ths gHiapnym valug amopg theswaltsatasi o suxfres shataderistice) .

Espe%%i ally, an_ index for the.confi_gxl;rati on uniformty in the 25 peri pheral
por t3%n #1d evaluating confignration ainifntiyy ant thenipegipblenalapostiod atethe

wafer from plural surface characteristics A and surface characteristics B
obtained along the entire peripheral portion of the wafer.

In the conventional SFQR or the like, a wafer surface is divided into
areas (sites) each about 20 mm square or about 25 mm square in which a

25  reference plane is prepared for evaluation, but in this case, since a reference



-6 - characteristics A and surface characteristics B along the entire
peri phery (along the peripheral portion of the wafer). Further detailed
description will be given of the method for evaluating a wafer
configuration of the surface charactefistics A and surface 5
characteristics B. In the nethod according to the present invention, as
shown in FIG 1, a reference line is prepared in a gl obal (extensive)
region (a first region) for calculating a reference line froma wafer

configuration (each of. profiles), and the reference |line is used by being
ext r apol Qiaetﬁelts TEPIRESi 9P ?%r@&’c‘)&ﬁ?&» {‘}éﬁgégﬁbRW@SB@emldu&ﬂbm@mhlam;the

peri pherat1l. p%}ti.on of &he waf er for 10 anal yzing the surface

char act el 1§©HER 1GPaspible krprrdonne graet, e vahwation badetotienadionafiast agtaabf t he
region being eval uated. Measuring a val ue obtained by subtracting the

r ef er enceonigiratiogan the likst UBspecwmilyi, guthis mnvéationst eralliatingasethed, val ue -
a reference value), the calcul ated maxi numvalue is evaluated as a rise (A
in FIG a)coafiguration aif dhe aieripheral wortivalafehaswafesaginkot B évalob&d 1). I n
ot her words, in the nmethod according to the present invention, wthout the
use di taecuratalgnti onal SFQR or the |ike wherein evaluation is perforned on
each site, areference line is prepared in an extensive specified region (a

first region) cb suratercisuaéteertic M dhersSinaftedl 8Rol fERBFed NRAN 5N site 20
size to be evaluated by the SFQR or the |ike the surface characteristics in

a regi onpararhetegy ahdaf Serfhce SRAMMREAAY BVhePbRG ol r%Eb FO8ridd &f af @91 OD 1S

eval uated based on the reference line prepared 1 n the extensive sSpecified

regi on (paearhétes) obf4inea) ' o ur.e. system can
be defi n%d by 25; Se??grg‘riri l?l}é%?ﬁg&r@rg}tlﬁ?% %?h%%g*lﬁazai ;hv&?% \%‘?@é‘u gh(ﬂygur ation
of the psiesed Tithd i ield i suke system (such as a
m sal i glr[:ment glgcﬁ?rghdc%?%a%tﬁgﬁ‘éé?lt%{é]&a&d{e&f%ke@sgpfg}eﬁor%yYFariynIe§afﬁle to the
surfare rafSi & f er-ab, . n avera valug of its
U e ShAUBELATY batite (hiBnBbfion U Y85PherT RoPiEh Mindirderal st o
or the \ElSecalf, W SUNAHY bluRPCAMGl A bhat dreduent, ponorIml St ons

or the IiKe occur i'n a case ere there’is hange

in val ue rfa ' terigtic B obtained.b val uat i t he

per i pher%é}%gfr If's(gf]cg()?. §ﬁt§%\/}\§4 gﬁog%c%\edpﬁﬂp%rﬁ hBo‘('eréquc?g ’ﬁlﬁ’r ﬁgtﬁti ng a
waf er ¢ i iQn gf the present j.nventiqn. To be copcrete, frequent
abnor m?ﬁ%#%ﬂp%g%cﬁhrﬁgd Rrﬁsgntcdélé{empe niiguaation, amalorsmty hin nﬁ)% nmum

val ue and the mnimum val.ue of plural surface characteristics B obtained
within t ee“%?@ Pg%%@thm eR CAl bg Ay ‘t‘atﬁér AbtBisiimee it is prefexabler mity) is
Iargl%r tthan iﬁoo ng}_‘ Therefore, a r\,xﬁ];er' most suitable for the exposure
system hesSYHEAL Fhe ronfigusatign miomnity das thaymespheral martior\ofl thet i on i s
per f or ned gth a d‘i\H erenct{e betvvegn a 15 surface characteristic A and a
surface ‘gﬁ_rrafﬁqlﬁrai erenge hetyeepdhe maxipyua valve and she mingmpm vaBle, waf er s
to be us in the exposure systemcan he precisely sorted into good wafers
and poorohitiecR uralpurtace; characigristics Arehitamed: ubthe periphhralepqromur ef syst em
has thestg]jeffe ence betyeen the maxi num val ue and the m ni num val ue of
pl ur al %R rgﬁ&?&@? ghrations upormBy ipctherpezipleatahpottion iheefemfedr surface
(the CA - B),paranmeter peripheral portion uniformty) of preferably 500 nm
or |ess Rt Hrppsametsrpempheradportion unifosmityNot e t hat t hose val ues of the
above surface characteristics A and B are evaluated by using data with a
boudfary Can afhirthemmonsosat i this Xpinbet vikeis teférabld tegivailuand fHee second
region at a position having a distance

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).



25 of 30 mmfromthe peripheral portion of the wafer excluding 1 nmof the
- 8. peripheral portion of the wafer (excepting a chanfer portion). The

waf er described above has not extrene_sags and |ocal sags in the peripheral
portion of the wafer when eval uated wWPth the surface characteristics A and
B. 5 Wiile there are conceivably a variety of wafer manufacturing processes
for manufacturing the above wafer, for exanple, where a wire sawis used in
a slicing step, slicing is perforned such that no abnornmal cutting-in.by a

Wi re occurs in erkpher al tion of the wafer. In an etching step, a
contact area of@?%&!rg#egaﬁyh aaﬁl?%tr%‘?en etyvesm the suifppoeharasteristioadfer is 10
mnimzed. ;l.n a case incl ydi.n urface grinding step, no grinding

striati oﬁnfistﬂﬁesﬁéfaézﬁé%‘?rggﬁglsgﬁ% S‘H&?‘Fep‘%é?frapt%tﬂttq @n—-&) inebtaahet due to
| appi ng are prevented fromgenerating. There are avail able a process for
manuf act g“r‘ﬁnhﬁa& ﬂgf]& Ptﬁfﬁéfﬁ 1 gvange, iand theponiighratopumsfounstom the
peripheral portion of the wafer in a polishing step and other steps. As
descri beBetipboral pextiosuef tie wafrroiscenelatedafrohe aadifferaiest betvideepshef a

waf er _manuf acturing process, and hence no specific limtation is inposed on
t he nn umé%tlmumgagxeom ¢hé printrhemwedlee of e pluvag Busfave tRardcteiBiigd act ur ed
by nmeans of various nethods as described above, it is difficult to

per f ect | (A raBlifohtaimed inafher wafal $urfigeen(thiy BordziragiondAsFoARRYeindgser | bed
therefore there are sorted wafers each having a difference between the

nmaxi num pettipberigortion of thewafards hersihafiee réfovFed tody @@Qﬁ)?ﬁ‘?ﬁﬁ%@f istics B
(the B paraneter peripheral portion uniformty) of 600 nm or [ess obtained
by the uperiphetdieporeiohodnifermRyn| Mbiedder MRS BinfEARGEIU Ahif0Pmid"§, sorted
waf ers being preferably used iz an expogure sysr% em ggﬂFﬁHfE@lrn rlgl, t here

are pref thealjeriptarhk hortibar of edieh wiakt NG 4 be—gvaﬁiﬁlfté FSHHe stBSM’ere the

maxi mum val ue and the m ni mrum val ue of thé obtained plural” surfa

charkrt edévihti6fis (of pluBll §6M8cd CharddteRAGATRL es'ilrf’a%%i ﬁlﬁ%g&seggs%{%i i

uniformty) of 500 nmor |ess, the sorted wWafers being norexposure

e, el el O, o L

bet ween t he maxi num val ue an e m ni mum val ue

surface_mmaggbﬁ&ﬁgfg Wa@rtagst‘pffri:gﬁ%%s.e’) par anet er peri pheral portion

uniformty) of 400 nm or T[ess, e sor waf ers being used in an exposure

system Thus, h nethod for eval uaj,ing a wafer. configuration
10 of the presg{ﬁ?fei 2\1}551‘??%%,50&12@@8Pem§8?? With Bherewried SRacers are

di t b |, st f li ke of th
Syt om o iE R R R A p R R dheie o ronehmestr a thps.

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
is 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



15 FIG 1 is an explanatory view show ng schemat i cally three-dinensional
Telations between a reference line and a first region and a second region
in the nethod for evaluating a wafer éonf iguration according to the present
invention FIG 2 is an explanatory vi®ew 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 explanatory view showi ng an exanple of a
region for evaluation in the nethod for evaluating a wafer configuration

ording to the present . inventign 25 FIG 4 is a graph showing relations
g_gtc ween %@W%ﬁ@nﬁ‘ and surfage chargcterigtics B pﬂ%@@&%hécﬁntimnPWPhemaf er S1

nd each,qf A and B pargneter vaglues in Exanple 1 FIG 5 is a graph show ng
?el ationgaci%g %He’&pﬁ%%?gtﬂoéﬁﬁﬁto%b? wafen). a peri pheral portion of a wafer S2
and each of A and B parameter values in 5 Exanple 2 FIG 6 is a graph

showi ng rel ati %ﬁ‘tbé! vitatailed ndesaripgiemiwilbibe given perihehenethofofs on of a
wafer S3 and each of A and B parameter values in Exanple 2 FIG 7 is a
graph shevalugtinglaawatrsonfignestion ofitlas suefren th MiceéristicslA shdoairtaker al-
portion of a wafer S4 and each of A and B paraneter values in Exanple 2

FI G 8 icharagteafsticshBwi iy thel atdthod dredrbap m@tz#@@éf&ninm'dbtn,'a{b a

peri pheral portion of a wafer S5 and each of A and B paraneter values in

Conpar at $hevicia¥iGe 11a ¥eferbfice Bné $s prapa2pd is RoMbbhal @xBM®REIREE Pher al
po?Pi on uniformty in each of the wafers S1 to S5; FIG 10 is a graph

showi ng first-reBjord Foncaicelatiiny o RbfrahcePRA XM ldﬁkr&fé&%hﬁﬁh?&nﬁé’ﬁ Qe t he
wafers S1 to S5~ FIG 11 is a schematic side view show ng an essenti al
st r uct uref prbfides), and the reference line is used by being extrapolated to a region (a
second region) to be evaluated such as the peripheral portion of the wafer for
10  analyzing the surface characteristics of the second region, the surface
characteristics of the region being evaluated. Measuring a value obtained by
subtracting the reference line from the actual configuration (an actually
measured value — a reference value), the calculated maximum value is
evaluated as a rise (A in FIG. 1) and the calculated minimum vlalue as a sag
15 (Bin FIG. 1).

In other words, in the method according to the present invention,
without the use of the conventional SFQR or the like wherein evéluation is
performed on each siie, a reference line is prepared in an extensivg 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
evaluate_d 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



20 first enbodi ment of an apparatus for evaluating a wafer configuration
according to the present invention and FIG 12 is a schematic side view
showi ng an essential structure of a _s?(_:ond enbodi ment of an apparatus for
eval uating a wafer configuration accofding to the present invention. 25
~11 Best Mdde for Carrying Qut the Invention: Enbodi nents of the nmethod for
eval uating a wafer configuration according to the present invention are
described in detail below with reference to the acconpanyi ng drawi ngs. 5
FIG 2 s hemat i_cal,l y_a,,confi gurati on, of fer W CGenerally, a

peri pher %&go ‘poft i¥8 dofn g the \ﬁé‘Pg?uW isé’s@l%néél\ﬁﬁdaﬁ 08 pRsalignmeent ki ng or
the like, a _chanfered port.ion g\m.bei ng forned. Usually, this chanfered
portion Wﬁqrgelim&ngx;e egﬁy HNaPultyiRg RA risc grinlyudatei tm thaneurface of an
obj ect of, neasurenent. 10 Eval yating a wafer configuration (a wafer
profile) C]P%rf’&?%r ?Flcpgﬁnf pE{erakle graferomnaavenagesvalvacef W sirfate wafer W
which is forned by excluding an area with the width of about 3 nm or about
2 mm f r ofRARStEREIfeA dgsmeller thaibOmm.hdsar an abhoraebyp, orrtediltd y it i S
required to evaluate the region which is forned by excluding an area with
t he v dt of Bfe aysemy dnbadamel gleah thd tefrequetr abmornoal sthes o tholikt @céhe very
limt of the boundary between the main surface and the chanfered portion.
Ther ef or 1 aghsd whehethereds inwallypresdritanlagge thengyal Wil Bf {1RIG B Tace
(especially, the excluding area), considering measuring precision and the
anal yzedchimtatqristii Bi abtained bjievahegond t18é pbeiphbralSpiRCs Pl E wiale,£val vat e
the region forned by excluding an 20 area with the width of about ITmm FIG

L schemaemading shiksnibihed feomiliatiflg hvakicamfurduistIdane grﬁieséﬁ'ce Ll
W A main purpose of the method for evaluating a wafer contiguration

accor di njvieatiohe Tu b6 edticretd/ Frdquent iabnbmdl 8pls obets ich are
easily generated on an area wt theal \111\,1 dth g#btp'g%ﬁliih?gqﬁ% ?ﬁ}é‘g\%s

per ixher aldiffeyeintcd® of the tl¥skiMRig valddafdhé ﬂﬁhilﬁﬁnf b?ﬂjee({ ubQY |dr¥g£| o

-12 In the method for evaluating a wafer configuration accor o the

present dinuenidtitics28 WMo pEln the ALELCLENGE: | (e BO LR, pbenar o

within an extensive region ( rst region : . {
W he ropep il hOFR SSRGS LARL lin 80 Sl ThARE e Bomateregi on) v
For anal 3o nae bF P Bhrt By PR bR BnCuttotEntEaltion Payonleste for
actuat |y meacuP S OSFn I} BhiaRonds petiotmsd sl AU temACepeTBER ot i ng t he
et 08 1y et B . atles, EhRsaturTne Thrihatni Rmsiid maxi mum
e sags WRRPUREL B HRr Sutori,f 1 onrdain thecsRPgRIE i Sbgmven bea cont ral
Poundar Y issRalERSEAS 1R1d 00 afiters BAd paRD Wafers ol I 0150, wewabn ch
' suitable for the exposure system has the difference between the maximum
value and the minimum value of plural surface characteristics (A — B)
20 obtained within the wafer surface (the (A — B) parameter peripheral portion
uniformity) of preferably 500 nm or less and more 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 distance

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



is provided at an arbitrary position. In the nethod for evaluating a wafer
configuration by preparing a reference line, a configuration of a wafer is
nmeasured with a prescribed space on a_surface of the wafer the neasured
waf er configuration is successively 28°stored a confi guration profile of
fromthe central portion W of the wafer Wto the edge portion W thereof
as showmn in FIG 3 is obtained fromthe stored configuration there is
calculated a reference line up to a boundary X of the first region W
provi ded_at. ﬁn r bi E.rar¥ osition away fromthe central portion (in the
radi al dPFERLPH RFUPRE \ﬁg? Fraferipxcepfang a chiamfer pariaomet wveen a 25
configuration (an actually neasured value) at an arbitrary position (in the
-13 direction othq Walerdeseribpd ebnes bys notiextremesags anddoerlengeiveigie) of
the reference line 10 at this position is analyzed to be cal culated as the
surface BeEPheralripmrtion. ofhdhpr evafer bavherpasudantt wRACetAN §lgamaf er
surface should be 5 preferably within 1 mm The space is naturally nore
than 0 nehatsgteristigseh iodB.ng eval uati on with the smallest possible space,
nore accurate configuration can be quantified. The reference |ine nay be

appr di mat ed byWhilet théghtre | @RiceivablE W W%&'iétgnﬁf Wsfer eﬂmxrfgétllﬁ'ﬁ%/ng a
configuration of the central portion of the 10 wafer W but usua t he

central procebses fof niditufuefi@indNhe aPe¥d WARS R c&alih i » SO
that the reference line is fully approxi mated b{?1 tlﬁg’ é’lthr%g?gh rF?ﬁ? Her e,

an ar bi tisatsediasi dlicig ¥opf shcilgyn darniriiel WGER thikend bbbrh SELARM AN the

second region W2 is preferably provided at an arbitrary posi

radi al dby ackire %c@ixstiBQhW&pr@/rﬁggo%thl?ﬁf He afe?&ll\?\i;]agrfg ¢ grrlg 8£qr})gﬁfeir ;|St sag

region is as extensive as possib e war er

nor ri Segd . LAt anc s..and..the.like.occur in the
area Ou"[?csdingg.&g? F%%gﬁtq Yggﬁwg@agﬂfagw%g}%%rﬁg%&p Orgaéeth@fwﬁff’é" afer, so
20 st T aalbd) Yn gk RO R RS g Rt PodgRte SRR or . 1t
is pref r r reference line o reference plane at a

pos!oti oﬁilégé ;65%%}?&% ](f?lro P%@ﬁ%ﬁ‘?ﬁP&Ftl%P@tﬁ?}W&f% Ee\XﬂHéPPIinlg 3%e case of
an 8 in 0 in_di ter) and. a positign of 120 nm away from
t he cen:;é]r g}@%ge{dtlfrg% $%T%rﬁ§n§a?§%5? €8y aflﬁlglﬁ’ %\/E’F%es% arifacturiaget er) .

However , sition.may be.freely changed so that the wafer qualit
can be eva Lfg. ég‘dgg-co Q’oﬂl%étpoj@i’ﬁ?%ﬂ’ pypure on the peripheral portion qu Y

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
wafer.

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



In the nmethod of calculating the specific surface characteristics to be
eval uated by preparing a reference line, a configuration profile of a wafer
Wof fromthe central portion W to the edge portion W is obtained a
reference 5 line of fromthe central.ortion We to an arbitrary position X
is calculated then there is anal yzed a val ue obtained by subtracting a
reference line at an arbitrary position in the range of fromthe arbitrary
position X to the edge portion We froma configuration at this position [a
configuration at an arbitrary position (an actually neasured value) - a

7 ef er enggrdib A% HotdBod A" BlEALE RASLE! B (AT Sligrence walueld g and the

maxi mum val ue anong the ana yzed val ues " (usua y HmeB’mv

di spl ace 0 ess c s calculated as
t he surfgigtre&tné ag%aelr %Isl%ﬁge rAgH('Si ri sesl)splcgkqlﬁ Lﬁcjf Q&‘ @Ea dArametey
quantit S nfi n on the peripheral portion
of the méﬁﬁhé(%%%@gﬁ%yﬁs 6’38?3&6 BF iﬂsﬁ’l eoglorlfqdo‘ﬁﬁg%é bewrg neg portion
W of er Wto t gﬂn@P %il‘g is obtained a reference |ine of
fromt hemc%’ﬁFFB?S‘HSrSW t Yioxg Pretsrablys fherssareisorted wafezapach hawing hen
ther §J¥zed vaI ue obtained by subtracting a reference |line at an
ar bi t ar?a‘ﬁ gfancsnbetyaerethe maxisrum readue randathe tminipyrosvaluerofxtheo t he
edge port.ion froma 20 configuration at this p05| tion [a configurati on
at an ar%t?t@mf;ﬁﬁ Ruzalt purface chavactaristicseds ur &) (theu) — B) pefkemedae |ine at
an arbitrary position (a reference value)] ~ and the m ni nrum val ue anong

t he anal wéﬂhwllnégtlmyugfpmlwef #2Qani velesaxtihesorted wefers beirad asddat ed as
the surface characteristic B (sags). This surface characteristic B

quant i t 2t AR EYPOSWRENBEM.25 a saggi ng configuration on the peripheral

portion of the wafer. -15 - In the present invention) in order to

eval uate the widlus, hafthe usprofitheinnethadforieahluayingf a wWadéRtorfasationd
positions as indicated by the dotted line in FIG 3, configuration profiles

of filbm afithewrrtsentcimventibnpeafiremrieotiedtdrel S60SorBEAT Wadbys\Wre(§aedl jidi Ng t he
chanfer portion Wr) are obtained for 5 each given angul ar space (8 ) and

such a cneesipostreisystdmaalhoresl dtsp® e the M dfGheS3%] uration
profiles, thereby the surface char%cterl stics eﬁ‘ﬂ‘i’ sgfeel %1%&8 Hfal ed. As a

result, hﬁwxﬂhr]&m&ag@u@daar acteristics A and B are obtained al ong t he waf er
peri pher al portion. It is especially preferable to analyze a 10
configuration profile radially along about 400 |lines. (at an angul ar space
of about 1 degree or less) within the wafer surface. Wile the value of the

angul ar Bﬂaﬁgegélﬁﬁéﬁlbg{;ﬁé/])lrgw figess of 0 degree, very exact evaluation can
be performed in t waf er peri pheral portion with the angul ar space of 1

degrige or |esspifotejthagt i, i I p eval uat | ch udi ng
parts 15 i ncl udi ng alno%chahan%g |en%{n[a’b ew% Sﬁg‘%@leﬁ#’gfﬂa&q ed with a

I Mo

Coce mnkobacalsih b aRs: bUOR PRI OIS S b A0S, S,
| uat t ddi t

oval et ol g S o Y S LB S P R St o

peri phergl Qééx}t(ﬂvgiitlgﬂal yzing surface characteristics A and B along the
waf er peri ﬁera

FIG. 2 is an explanatory 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 explanatory view showing an example of a region for

evaluation in the method for evaluating a wafer configuration according to

the present invention;

25 FIG. 4 is a graph showing relations between a measurement point in



Next,. an eval uating apparatus for performng the above evaluation is
descri bed below. FIG 11 is a schematic explanatory view show ng an
essential structure of the apparatus _for evaluating wafer configuration 25
according to the present invention. AR ‘apparatus 20 for evaluating a wafer
-16 - configuration shown in FIG 11 is an apparatus used for neasurenent
and anal ysis of displacenent of a surface of a wafer W which conprises a
test stand 22, and a di splacenent nmeasuring unit 26 having a di spl acenent
gauge 24_egqui pped. with a laser. oscillator of an automatic focusing 5
mechani sfhP4! H%LP%W%?% giafer Eﬁcﬁlﬁg%@hpf E:\ Eméﬁ&mwmﬁer weluas whe

di stancefrom.t He previously calibrated reference point as the

di spl acefEATPI? 1> t he embodi nent shown in FIG 11, the displ acement
measuring unit 26 functions as a configuration measuring unit. The test
stand 22 is a H&hd Wetrapdrshowin welativmsdetwaes almemsurenforit pbihtihas an
obj ect to be neasured. The displacenent gauge 24 is an apparatus for

i rradi at # P§rphezglepotisanefiv wafer PReat edddoSAans] Brjarameter hahesth a
silicon wafer Wplaced on the test stand 22, and for instance, a HeNe | aser
or tHe |Example 8sed as the | aser beam The displacenent gauge 24 is

equi pped with an automatic focusing nmechanism (not shown), and this

automati ¢ focudily 615 angrapanheming relagiondedtwbém a thédsurBieM $8intdnCCD
(Charge Coupl ed Device) camera (not shown), an automatic focusing circuit

(not  shoavppriphesalopdéion, ofd) & aFen S8 W &4 d ' crefl ect ed
fromthe silicon \C/?af er 0(12 the | aser beam%%%ﬁl{(}s)Bﬁartg&%g¥ lrvgﬁ%ft%hlé | aser

osci | | atBxample2di spl acenent gauge 24 neasures the displacenment froma 20
reference point when focused by the automatic focusing nmechani sm and

oS e, O S G I8 B rdBharioif AR ATMFLer § md RN SR | o

equi pped with a CPU (Central Processing

MVermay ) . a peripEM 1R oYY = T Q?ggter 28 .1 nt o, whi.ch the

di spl acerrgnt dat a out Sut far %%%;&ngp%ézge&r@qnt% gpaaﬁagleiﬁr X?Blerqﬁﬂut, r eads
the analggisppy @9ramstored in the ROMusing the -17 RAMas a work area,

and cal cul ates the surface characteristics A and B of the

FIG. 8 is a graph showing relations between a measurement point in
a peripheral portion of a wafer S5 and each of A and B parameter values in
Comparative Example 1;
15 - FIG. 9 is a graph showing B parameter peripheral portion
uniformity in each of the wafers S1 to S5;
FIG. 10 is a graph showing (A — B) parameter peripheral portion
uniformity in each of the wafers S1 to S5;
FIG. 11 is a schematic side view showing an essential structure of a
20 first embodiment of an apparatus for evaluating a wafer conﬁguration
according to the present invention; and
FIG. 12 is a schematic side view showing an essential structure of a
second embodiment of an apparatus for evaluating a wafer configuration

according to the present invention.

25



waf er quality according to the present invention fromthe input

di spl acenent data with the CPU. The surface characteristics are paraneters
especially used for eval uation of a_gi[ipheral portion of the wafer. 5 In
ot her words, the conputer 28 conpris a storage neans for successively
inputting and storing configuration data obtained by the displacenent
nmeasuring unit (the configuration neasuring unit) 26, and a surface
characteristic calculating unit for reading a configuration data (an

actual I'yg I r.omst he enIraI portion of the wafer Wto the
10 edge por |oﬁg?%ﬁlﬁgg&?$g) ttﬁg IH’B’P 88 device, calculating a reference
line (a refere fr th ent tion of the wafer to an
arbitrary porti “h‘ztﬁ ‘[gPﬁ gogé{)ﬁéveﬁwa&aawiermsﬁgmtm ue - a
reference val.ue ob ai ned by subtractl ng the reference line or the

r ef er enc®PF {9 orRearegasitt Faentings jarf ofescaihedc in cdatatli hglavhewithal yzed
difference as the surface 15 characteristics. FIG 12 is a schematic

expl anat'isrerice ip $he areRsnpansg dmawangsst ruct ure of anot her embodi ment of

t he appar at us for eval uating a wafer configuration according to the present
i nveg i on. A6t Reshomrarshematicallyra candigapptiontofia water 8Valealeraldy,a waf er
configurati on a thickness may be 20 neasured with a flatness neasuring
uni t baseperipharaleidgetportivataf the syzfer Vaicehay firednts préveigaratkisigsdy acenent
of the wafer surface. The flatness neasuring unit based on the

el ect r osthat like caprhain ferek paytioeWins befigd famel. t UGBS ShiaRamgsRAt unit 34
equi pped with a thickness gauge 32 conprising electrostatic capacitance

type of pompien Whd iscigabreabins @valddmg 32Wall @fﬂf?g@ﬁﬁﬁoﬁuﬁhdt@@% of g wafer W
is held between themas shown in FIG 12, -18 and neasures the thickness
of the valdjest dfihyagiamentng t he di stances between the sensors 32a, 32b and
upper and |ower surfaces of the wafer W respectively. As the flatness

Teaslr i ng uni t Hatesking aeleP b ENRI & WARE PkbANS f SIS BkronEATeN i al

non-contact type of wafer thickness, ness an measuring unit

such as dd 4 regicalega rﬂgﬁpstﬁ&'%%doflﬂie %eﬁw V&hl&?ﬁ ié?m%a%gr excligidRpar at us

30 for evaluating a wafer configuration s oNnpri Sés a wafer

hol di ng dd drelf wfifk tH8'1H4PE of ABLE'S W |HIRRRVE rMEALIORRO A D EGSS

measuring unit 34, and a conputer 1’5 Ut

thi ckness, rﬁfontwwwwmegwtﬁswsw,g%mg 0 rﬁgggg\fﬁg#e ﬁﬁ.t thi ckness

nmeasur i ng unit unctions as a confirgura any
t f d t t fi t tion,
o ovi ded ERa AicHiTBARER b ﬁ%@?&‘f%&g@% Peth R irm ophe
(898 ki ol 5 %%él%}v goéﬁ‘rfz? i B e éreyrn@%m' Sendhas
d b f f | cul ated b
moans. oftiFitb SHEEASEOR) eachY BRARCROHI of RDPolotehonBileTHiErer by 8 as (o

t he spa n_whi ch,data reto be sanpl ed, finer, the bette
Speci f i gglP%hog qu’Op@re reé'ﬁg‘éatf%‘? f‘f%o%p §’F?53]|¥b dthpe exchading oﬁfrelagsss Next ,
t he conf tion_eval uation ysing t e surface characteristics A_and B
act ual | OO g (@Eﬂnzﬁt QP B e PEYPAP R 33 f%‘re %&Yaaéu tRfaapygsipncemithgur at i on
according to t resent ntion described below. FIG 1 is a view
showi ng F&S’F?}bts WFB‘?W ’r?ep"s‘iﬁ‘?’i%’ t‘?:ﬁ&?lléﬁt%rthgtrpé@npfoamdd%ﬁxgludtm@m bed 25

, and a . LI gur%ﬁfnbproflle on a cross section thereof. In an
ana&;ba Qarea wigh t gt dpoutnkmByr f ace characteristics cal cul ating means,
an equation for cal culating the surface characteristics Aand Bis
programmed f or Fé&e h sphematisallyghewe displacement tmitHigknessmf agnuatadesofa
sof tware_eval uati_ng an

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).



aver age val ue, a standard deviation, a maxi mnumvalue and a m ni nrum val ue 5
of plural surface characteristics AL Bor (A - B) obtained fromprofiles
al ong a peripheral portion of the maigt. In the anal ysis 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
fromthe central portion thereof 10 toward the edge portion then a
reference line is prepared using the thickness data in an extensive first

regi on by nmean t f least squares.a difference between the
reference i neiréghe;ntl]@gﬁﬁifggggﬂugﬁmgna ¥ agg%f)‘?f&ig‘br@it@f‘? %%‘Oﬁﬁnwa Sted is
cal cul at erg eﬂfl th? maxi n}ém val ithin the area js, analyzed. 15 As for
the sur fACECTIHAVEEPQR; 8 pROWN 1p e dsredererceding 19 jsrnyerperd widunsi | i con
wafer are read with an ﬁ;?itrar 33&? (about 1 %on the silicon wafer
from t h L ERERSIVesBIh IR BiRstieston A far erlculating thr referencedinein ef er ence
l'ine isverﬁgare ugi ng i"h t hi ckness data in an extensive first region by
means of"#E 8 BdrYR the hesicscondieasation of the wiafer Modheyrefaenciinact i ng t he
reference |ine froma_configuration in a second region to be evaluated is
cal c8l atihis exfgapolated te surasion (@ serand regihn) 240 te evedligteedon Ehe anal ysi s
descri bed above is conducted on each profile along the peripheral portion
of the werdrherglpentitn/of the wafet sued hasedctherest faranilgzidgBhokuafaeed from
the plural profiles) uniformty (variation) of a configuration in 25 the
per i pherchiargaderistios obf t blee wedcondi segioml UBRdfor TanedyAapCthbe suefs@buation is
-20 perfornmed on an average val ue, a standard devi ation, a maxi nrum val ue, a
m ni mnumecharasderisticovfithesregfiorsW2.ace characteristics A and B or a difference
bet ween the surface characteristic A and the surface characteristic B
(herei naf ter nAydiee (i ectuadlytmeasurad valdaca rehaensd ealug) btided b) or (A -
B) 5 paraneter). Wth the apparatus for evaluating a wafer configuration

accdfdi mybtracting pghes esferdrivée Mineor1 0d €5 CFéfBRchRD Y Bue) D¥rdngagh iyl 2

conput er and anal yzi ng di spl acenent data neasured using a | aser beam or

t hi cknessnflgtifaticraéi @@tuwzrm@amﬁb&%h@toﬁh& pgagpggrr@by&ﬁenpsn&%&k”ess

nmeasuring 10 instrunent, there can be calcula ace characteristics A

and B, GR&fduibd 3hhLitn &Rl §A0E1E YvhidthE RekLRNE! Fhe ROLLLL04 ?:gl‘gxei%ﬂﬁr s. As

descri bed above, according to the present Invehtion, a surf

confi QURALLOBeiRly &/aMRARID aLSRRCB Akt i¥ 8 b%eﬂdtga ehat iﬂoﬁdfg.cdlﬂf egfﬁrrga%]éﬂcan be

eval uated accurately on the basis of a specific Stan fferent

15 vi ewpgi W i§ GAntAA r@?{r}}ﬁﬁ%?iaqggfe# Rl GHES eZ#é;@%ogii%ﬁigsWa%n addi tion, by

obtai ning and anal yzi ural surf:ace charac IafBfg the

per nphengls PREGA BlkyHethiden WRE Blot %ﬁ#%i Qﬂ%?ﬂ? ggci%];fd%%rgg({r{)%, ﬁ}iﬁgﬁr mty of

t he wafer peripheral portion can eal’l ze tain nore

effecti \IgPi.(;Uig&{rmiaﬁna gtragn@ggiﬁgnto t he conventional evaluation for the 20
nte

waf er contiguration, an probl ens in a device fabricating process
or cover - {ne. Sehd BdtBe Mo FRRRE R X P Pnte R g B arpardiiter  for
o S SRR ERb 2 5 i BRGS0, e
o6t o1 B £ SERE 3 R el m e SR Wtk conflgiation 1¥ Sucessaively
20  stored; a configuration profile of from the central portion We of the wafer W to
the gdge 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



(Exanple 1) Description wll be given of an exanple of the configuration 5
eval uation nethod of the present invention. In this exanple, evaluation was
conducted on an 8-inch m rror-polishﬁg wafer (200 nmin dianmeter and 0.5 mm
in width of a peripheral edge portion®being a chanfered portion)
"manufactured in a common manufacturing process. The wafer is referred to as
S 1. 10 In the configuration evaluation, the wafer thickness was neasured
at positions with a space of 0.95 nmon the whol e surface of the wafer
(excl udi the chapfere ti;on of an area with 0.5 mMmmin width of the

per i pher@?e?)tb% iognsrﬁet W&‘*ﬁﬁi@%‘%‘%}fﬁa@@ﬂ Ph?’%&‘ﬁeg% 1gfqranee rvalue)ot dbei vel y
stored confi gur IioP progiles_qf the wafer of fromthe central portion to
the 15 e‘EfS%f B 11M5n1Q a8 thispesitiay 16 aaalxaed todim ealculsded iagrthessiréwewn i n
FIG 1 re read fromthe stored wafer thickness data a reference |ine was
cal cul at@rastestptiche val ues fromthe central portion (in the direction of
the wafer dianmeter) to an arbitrary position X (7?0 mm away fromthe central
portion and 30 The pxesgribed medmurenigat spacé on)theywhfer swefivedshofuld dast 20
squares then the difference between the thickness at the arbitrary position
and Phe Megferabl withinr tiremendhe spaee(ia naturaly mbre kives 9) ma, bhe byane
position was anal yzed and the anal yzed difference was cal cul ated as the

sur f ace performingr esaluasion wich hlte warallest t fessible f a5fceC habACtRELS{eCS A and
B are the maxi mum val ue and m ni mum value in the second region to be

eval uat edndifigustich cambeqihtiiedn respectivel y -22 These val ues were

anal yzed using plural profiles fromthe center portion of the wafer to the

edge portion tMeepdferdhcealihdl mey NecbbpRSeintbdaly % sﬁ‘ﬁ}%ﬁaiiﬁﬁicﬁ- Was

performed on 400 profiles obtained at a prescribéd angul@ar space( 8 ). 5

Then, t heireed@ing RB& WeHkerlRetinp A Ei@ﬁ_tcﬁ'rtihitdg%lgrag @gﬁgﬁ Zf,g%&l%i ned from

the profiles. Wile the surface characteristics val ues,

evallgat ivwafel W Bef ud@slPend e6iRd] ﬁéﬁiﬂb%@?ﬁé@mg p&)ﬁ@?ﬁ& ko \Q"}hgﬁ wer €

obtained fromprofiles intersecting a no ere areé shown

changes figinésdliel BILANThE oA NRAL i AIRVAIIBLL AR AR HLOOS o1, the

eval uated surface characteristics. s the
eval uat gghfosition A The position 8 is obtained by plotting val ues
eval uated rotating the wafer in the range of 360 degrees in the cl ockw se

direction at t o, : deqrees~ The, ordinate indicat he A and B

par aneter val uggr?’néﬁ%rﬁl%%y ﬁ‘%“’\}@‘%%‘%‘??chmi%‘?w hedwegn theitirskregian t her e
can be fj iformiyv 4 the peripheral ,pprtion of the wafer based on
the sur ﬁggedl{cdgg}%aécbtqgilﬁgghoé Wka]ﬁc?r%g’r hﬂ'tWé’V\}\%&g?é @9:911'8&?%’&’ POfIEOR| e, a

| ar C IRt B, par ter is.observed at a positiopn al npst opposite
(1888degrﬁgg§)ra al Gireckion qf d"’i\fﬁfﬁ 2hdiinian area,an W?@r‘@ﬂ?lf?ethﬁaﬁ@t S1 was

| oaded into_an exposur.e syste he .syst em st opped frequently. As the
exposur & 8P I8 A es(g%qsé‘ﬁ?)@%/ pf’ﬁsqblcfbrﬁgwgg‘éf ro\?’ %ﬁ%Eee%P%Pb?ﬁléég iDO! exposur e
systen) was. used ip V\,hntch.the wafer s repeated|y_ stepped and exposed to a
pr oj ect &tFS egfRegpted. nHox instange, uguallyesags ang ihe dike)occns intbesressur e
system there I;m b sed a 25 scanni ng exposure system The present

i nvent outside © @ép}lg&&r?m awsy 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



- investigated the abnormal stop of the stepper and conceived that the stop
ifray be greatly influenced by the uniformty in a peripheral portion of the
B paraneter obtained using the above thod for evaluating the wafer
configuration. 5 This is considered ngause 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 i npossible of control by

aut o-focusing, so that a focus error arises to stop the system abnormally.
Ther ef or%, Sg\éﬁéua#}}on was perfornmed on an average value, a 10 standard
deviatio A% val ue, a mi ni num val ue and (a maxi nrum val ue - a

m ni mum val ue) of .plural suyrface characteristics A B or (A-B). Results of
the eval uation I&#@‘*%%Y%&di Cfrfgm?%tnig thy ppeciiip awrface ¢hanactarisics)toibe t he
parameter gan be visually observed when the graph as shown in FIG 4 is

pr epar eo‘?vaaHéFﬁdi by prerariie preference ineah sonfgursidroprefile mf aowhfirWng (t he
15 maxi mum val ue - the mninmumval ue), the standard deviation and others.
In the piidsem:thernpaimalmortion Ve te thmedgrpirtioneWds sbthigudni iréfsrate
uniformty of the configuration in a peripheral portion of the wafer. -24
Tabl & 1 lieehifeom the alenhtal qoriten We o dinaflsitysryypoeiti6e N iQedlatiandi n Vaf er |
Peri pheral Portion (nmeasurenent object: wafer S1)

Maxi nunithennthekexs analysvé nagdte abteindd by ub@yatingVh Rbfevek &YIhEaYIaat i on( M (
m AO. 135- 0. 0290. 1640. 0380. 028ar anet er B- 0. 183- 0. 9190. 736- 0. 4800. 143ar aneter B

) 0. 9420. 2D3Gra¥}t YosHidDinl Hearangs of fiont EkambRrdy hosifioHex t%)och%géﬁéﬁf m t he
ured I

above findings, evaluation was perforned on waféers manufac pl ural
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eval uating a wafer configuration. To be cOncrete, wafers were nanufactured
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val ue of a peripheral portion in the par anet er. era
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crystal ingot with a wire saw or the eto arn a I'n"a k- shaped
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(rises). This surface characteristic A quantitatively indicates a rising
configuration on the peripheral portion of the wafer.

15 Also, a configuration profile of from the ce.ntral portion Wc of the
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)l; and the minimum value among the analyzed Qalues
(usually the negative maximum value) is calculated as the surface
characteristic B (sags). This surface characteristic B quantitatively indicates

25  a sagging configuration on the peripheral portion of the wafer.



flattening step of surface grinding or the |ike an etching step that
renoves nmachi ning deformation remai ning behind in the so chanfered and
flattened wafer a polishing step of king a mrror surface of the wafer
and a 20 cl eaning step of cleaning the polished wafer to renove an abrasive
slurry or -25 _ dust particles deposited thereon. Various nethods are
concei ved as the above steps in the manufacturing process to inprove
uniformty of the peripheral portion in the B paraneter. For exanple, as an
i nprovenent in the slicing step,.it ijs not to 5 ke irreqular cut-in in
the peri pheral %’oﬁl? cH"Feé?I?tt AR ‘E’yoé(?%‘ 23 tgsthey whalg reatesw and t he
like. It is,aiso t r;h,iitce the wafer so as to inprove a wafer confi&;uration
such as BrHBNLERD Y of rastial meaguringositions as idicated hyddefdatte
controlling a slurry tenperature, a feed rate of a wire and others. As an

i npr overnding InAFiGha, eonfigunation profies of friom the peféncentyal poitian We nd
mrror-chanfering while taking care of uniformty in chanfering. For this
end, it the edgp@ottiom Whadestlading ithe chemedsr pordontWel) s dbotaihyd doont act
pressure of a grindstone, a buff or the like. It is also to control it with

t he nuinbeachofgiven aanguiaof spdve (@f emndantichha gneddmbaspnabudisysis the |ike.
As an inprovenent in the etching step, it is to take care of 15 uniformty

of et chi pgrfofmmpédcial lepicht b teC Rbifighfatiti frofRek, CoidreBl! kRO swyifhey My
streans of the etchant. For this end, there is a nethod to control the

speed of clifiaatdrivtical A andeB GRidoktaimegnd others. It is also to inprove it
by reducing a contact area between the etching drum supporting wafers and
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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
is 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



5 portion of a wafer in polishing, that is a change in a size of a work

hol ding plate, polishing such that the central portion of a work hol di ng
region is of a harder quality mhile_? peripheral portion thereof is of a
softer quality and the peripheral po ®ion is vacuum chucked; and a back
-surface coat is forned 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,
wherei n thickness of the back surface coat is different between the

peri pheral .portj.on and the ntral portion. in polishing. By changing a

ol | ohi rigngiessatiph v BIG Lds An BERAIASHS HRCR TORECABYAm RS ABdS,

peri pheral sags can be contrqlled. There is also usable a polishing nmethod
i n whi creralyesmidjsplasement of sosndacerpt a walex Wemhipk campstresintests 15
controll ed independent|y of the central portion by changing a polishing
head. | nStands22xang| @ displacement measoing ginitt26o s ving acdisplavethardi nly with
a process including: a slicing step ; a chanfering step ; a surface

gri ndi nggaugep 2 esncpperty withp aa laser dmodlpdor ampi vy stematic facpsinigshi ng
step to obtain wafers S2, S3 and S4 manufactured by three different wafer
20 minufmethanism, proogases 28T ote. , wafdorpticatlyem essireatshiftancthiieddistarice t he

nmet hod for evaluating a wafer configuration of the present invention to

obt ai n giremhtheoprdvicsly daliblatedSBferencé point uafthe displasadert.GIX theaf er S4)
in respect of the above three processes. A wafer configuration eval uation

net hod | embbéinsaiteshatd ih BEG ExBRAb dishlacemeit MohSOMBE undt/'26 Fikdidnse
eval uation was perfornmed on the average val ue, the standard devi ation, the

nexi num yab denfigh@atiBmnMinddsaMakumit.and (the maxi mum val ue - the m ni num
val ue) of the surface characteristic A the surface characteristic B or the
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are shown in Tables 2 to 4. The above wafer Into a stepper, no
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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), etec. 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



A Paraneter Peripheral Portion Uniformty

Maxi mumM ni rumvaxi numAver ageSt andard(gym (gym - M ni nunm(gyn) devi ati on( m (
m Wafer S2 (Exampl e 2)p.330-0.0070. 3?1%0 1100. 079Waf er S3 (Exanpl e

2) p. 241- 0. 0240. 2650. 1040. 055Vaf er S4 “(Exanpl e

-2) p. 253- 0. 0200. 2720. 0930. 060WA er

S5( Conpar ati ve0. 105- 0. 0280. 1320. 0320. 024Exanpl e 1) Waf er

S10. 135- 0. 0290. 1640. 0380. 028 -28 Table 3 B Paraneter Peripheral Portion
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Portion Uniformty Maxi nunttandar dMaxi munM ni mun:
M ni numabesdipreaaleationphwperiphpralyargipmaf thy wetfer. S2p 636251 0384
00. 4190. 074( Exanple 2)...Wafer S3
5 In other words, the computer 28 comprises a storage means for
successively inputting and storing configuration data obtained by the
displacement measuring unit (the configuration measuring unit) 26, and a
surface characteristic calculating unit for reading a configuration data (an
actually meaéured value) of from the central portion of the wafer W to the
10 edge portion thereof from the storage device, calculating a reference line (a
reference value) from the central portion of the wafer to an arbitrary portion, |
then analyzing a value (an actually measured value—a reference value)
obtained by subtracting the reference line or the reference plane from an
arbitrary position, and calculating the analyzed difference as the surface
15 characteristics.

FIG. 12 is a schematic explanatory view showing an essential
structure of another embodiment of the apparatus for evaluating a wafer
configuration according to the present invention. In another embodiment for
the apparatus for evaluating a wafer configuration, a thickness may be

20 measured with a flatness measuring unit based on an electrostatic
capacitance system in place of displacement of the wafer surface. The
flatness measuring unit based on the electrostatic capacitance sysfem is used
as a thickness measurement unit 34 equipped with a thickness gauge 32

comprising electrostatic capacitance type of upper and lower sensors 32a, 32b

25  arranged such that the wafer W is held between them as shown in FIG. 12,



619 0 215 0 404 0 0.404 0.069(Example 2)...Wafer S4p 579195 0385

00. 3800. 070( Exanpl e 2)...Wafer S5(Conparative0.9300. 2820. 6480. 5410. 157Exam
le 1)Wafer SI0.9420.2230.7190. 5180. 14] (Conparative Exanple 1) Then,

eval uati on was perforned on a wafer nufactured in a -29 conmon wafer
‘manuf acturi ng process as Conparative Exanple 1. The wafer manufacturing
process conprises, a slicing step of slicing the single crystal ingot to
obtain.a thin and di sk-shaped wafer a chanfering step of chanfering a

eri pheral , edge port,on,.of. the er obtai.ned through t sl.icing step to 5
P even: e pesnies anertsdie PR watee Woby b esiiing dheoisfiBeon s b
this wafer an etchi ng st t hat renoves hi ni n eforpation remainin

behi nd | RptPesn _ec%&%?@r a?:ﬁ’ %‘ﬁy@aem@ﬁogebéﬁr Pﬁ@gz}ﬁ%&’f’é?r ﬁzki ngga

mrror surface of the wafer and a cleaning step of cleaning the polished
waf er t orespagiveelsn Asr the flataesy measurmgs ungtabaped con dbposleetaastatisr eon. The
waf er 10 manufactured fromthe conmmon wafer manufacturing process was

r ef er r eccapactangs . syBtery gt jcommercigle moorepatadn typre ofawafers3hickoessli ng t o
the nethod for evaluating a wafer configuration of the present invention so
as t @ obflainesa gndpBOW/WAMRIh mea&hixing Sunfusubkr aer Vltrqudkdide €908val uati on
results are 15 additionally shown in Tables 2 to 4. A configuration

eval uat i produeedbg ABEtCerps aray bsubschnpl e 1. The wafer S5 was | oaded into a
"stepper with the result that abnormal stop of the stepper was observed at a

rate of 100 % THe dipphedtRd@O foeeveRiatinita WfdmaonficairdtioaRtowieinIG.num val ue

(the B paraneter 20 peripheral portion uniformty) of plural surface

char act e12 SdonfsridesORt #af¥d heling 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 rahge 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 evéluating a wafer
configuration according to the present invention is described below. FIG. 11is

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



a wafer was 682 nm Uniformty of a peripheral portion in the surface
.characteristic (A - B) was 648 nm Evaluation results of the wafer S 1

eval uated in Exanple 1 are al so addii&qnally shown in Tables 2 to 4.
Abnormal stop of the stepper was al so“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 -30 local change in the B paraneter exerts a large influence on
stop of the apparatus. As for wafers S1 to S5, there are shown the

peri pheral porti uni fprm t he, maxi nym.val ue - the mni numval ue) in
Phe B portagerer of fhé el bt BEisTEr | AGIARNErerEn iSO T e

maxi mum val ue - the m ninumval ue) . in the (A-B). paraneter én FIG#O. It is
found t Healcwlatimge Fheyisuptach echmrggiesinticar Apapd pRetsaproggammed for recki ty of
600 nmor less is good and a wafer with the (A - B) paraneter peripheral
porti on Rrefler nfuythernwoe, bhe emalyys nregramwdls aosqitwargplesaBlatEgan n t he
waf er manufacturing process shown in Exanple 2, the B paraneter uniformty
was not adrage vabe, acdacdard devhatiperd srtinuddvalvwe and & esipimier yaliiengl v,
waf ers were eval uated according to the configuration eval uation nmethod of
t he @@ esefipluralanfacercharasteriséids g Beos(Av-tB)ichtamedStaperofiles albhg apr esent

i nvention and thereafter, the sorted wafers were | oaded into a device

pr ocess. pérapherat poetien ef thewafsr. havi ng t he surface characteristic B

peri pheral portion uniformty of 600 nmor |ess (these wafers had the

surface charactlgr ithéi enéWrsis Brogeimpher dbr pdiet isanfacai Elodmsictaristic 40 nm or
| ess) were | oaded into a stepper process and operations of the stepper were

obser vedihifeneid dathesTW mirtdr piiishe@iliddewalfditdre hRadswabpeh asbiragt st opped
at all. (Conparative Exanple 2) Wafers manufactured in a common wafer

manuf act 44 AA(PbAE &S iPlof tIRAEAkh T BLEPRRE BhHGE SSortiohhthdresPr ting of
the wafers. As a result, abnormal stop of the stepper was observed. Stop of

B L S T e
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portion h'ﬁfetrgﬁgg Bé(tvef&ntﬁf\e §elf51te%%g 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 region 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



characteristic (A - B) (the maxi numvalue - the m ninmum val ue) was also 5
600 nmor nore. Note that abnormal stop occurred or did not occur for

waf ers havi ng the peri pheral portionzblr_liform'ty in the surface
characteristic B of the order in the"range of 500 nmto 700 nm Wen this
'value is 600 nmor |ess, 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 paraneter alone. By evaluating wafers with

t he peri t [ 1LY, e [f. characteristic (A - B),
the nar ditiaitied B Ay e iAo sPab ¥y Wby BEPar R AR upSVafRen 2 1 o
val ue of_ the ordern of 400,nm or |ess gause no, abnor mal, stop,...Jhere is a
case whePLEHEE, YRiEe & pOQBSIéSSO%%“F HeEC r?%ﬁ”’ﬁ“\ﬁé?bf“ﬁ@ Ragi diffetenee

peri pheral portion uniformty in the paraneter qf 600 nm or, norg and

t her ef orR® “%ﬁpl the  syrface,cha %%‘é?lFlg aBf c Bhs etrriang; Cgﬂﬁa(@&U%Cfgr stop of
a stepper is limted to the above factors, it may be conceived in view of

t he aboVbereingtter mpay be geferead to as asarfase sharacteristipldseBl or entBlon exert
a large influence thereon. 20 That is to say, in the stepper process, the
peri @herlaﬁl‘amﬁtﬂ)on uniformty in the B paraneter is especially inportant

and it is found that abnormal stop of the apparatus is reduced using wafers
with (the maxi Withvdleiapparabes fomevaluatiagiewadér éndfigurasion axsrdimgng t he
peri pheral portion configuration uniformty. Using wafers with (the maxi num
val ue - tohthe2present muventadmalescribed abpre,- bB)repdingniitera eoimfpater apdof 400 nm
or less, stop -32 of the apparatus is greatly reduced, resulting in

i mpr ovenmrdlyzimgadipplademment detadmeasuedd usihgra lagenbeem, ontlevkhestdata of t he
peri pheral portion uniformty, stable evaluation was ensured when an

arbi trarpeposteldi ot Gin télectruslatint icapabitivet tgge Othick@eds eaRAkutigention is
set at a position of 30 mmfromthe wafer peripheral portion and

neager enpetrudfient)ethrbecasopéi elcalatod &erfR& fRapRetertiog dat®mdols ai ned
froman area excluding 1 mm of the wafer periphery (excluding a chanfered

porti On)oonﬂéugéﬁéﬂidﬂifoh‘nﬁfy @m@béﬁﬁﬁmlEerﬂi&%ﬁw&heié.~pi cal effects of

the present invention wll be described below D splacenent or a thickness

measured with APPEKEHACThSRAGRMNYIRG B ﬁiesﬁfé%%ﬁﬁ‘iﬂ{'el%oﬂ,h& f%c;e using a

measuri ng means can define a wafer configuration nore precisely
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i ndi cating f Ial ~since the peripheral portion
uni T or 1 o1y ftdd BcdArBRNGBH The BUML B W ARLLER drkBbie # RIS Sflrebdnican be
determ ned surely whether a wafer 1s goot or poor on a prescribe ,
Critgri Xlewpoint from the conventional techniques such as SFQR. In addition, by
obtaining and analyzing 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



In the configuration evaluation nethod.of the present invention, 20 quality
that has not been precisely evaluated until now, especially quality of a
peri pheral portion configuration of waf er can be quantitatively

eval uated, and thereby a wafer conflgAratlon nost suitable for |ithography
-can be defined. By defining wafers with val ues of peripheral portion
uniformty in 25 the B paraneter and the (A - B) paraneter (the nmaxi num

val ue - the -33 mni mum val ue of eval uated val ues), preferable wafers for

a device n be sorteg,TS si,n e surfac haracteristic
bt at nod B OB AGTOEHE Sxuar e e Sl PE soBouPediIoR ROy RGBT ¢ he
pr esent thentlon eval uation can be 5 nore precisely than conventi onal
waf er QEﬁﬁ%EW@ﬁeevaluation and hence abnormality in a device process is
preventeq Lng in inprovenent on a product yield. 10 -34 CLAI M 1.
A net hod Eé? %I ating a wafer configuration conprising the steps of: 5
obt ai ni ng plural wafer conflgh;atlon profiles of fromthe central portion
of a wafer to tDescadgonpovill die tgieereoif anoweyamiple coff ithe penfigiwationt her eof
at a prescribed angul ar sgace providing a first region for calculating a
r ef eriencevaluationanethadivfshe presqutdhvemson.nIn beisexample, svalaatibntwes waf er 10
calculating the reference line in the first region further providing a
second remiducted ohham Banclpmeiradr-polichedf whiee (200ennoiti didiaetdrearfd 0§ regi on
extrapolating the reference line calculated in the first region to the
mm in width of a peripheral edge portion being a chamfered portion)
manufactured in a common manufacturing process. The wafer is referred to
as S1.
10 In the configuration evaluation, the wafer thickness was measured
at positions with a space of 0.95 mm on the whole surface of the wafer
(excluding the chamfered portion of an area with 0.5 mm in width of the
peripheral portion); the measured wafer thickness data were successively
stored; configuration profiles of the wafer of from the central portion to the
15 edge portion (98.5 mm away from the central portion) as shown in FIG. 1
were read from the stored wafer thickness data; a reference line was
calculated using the values from the central portion (in the direction of the
wafer diameter) to an arbitrary position X (70 mm away from the central
portion and 30 mm away from the edge portion) by the method of least
20 squares; then the difference between the thickness at the arbitrary position
and the value of the reference line (a virtual thickness) at the same position
was analyzed; and the analyzed difference was calculated as the surface
characteristics. In other words, the surface characteristics A 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



second region 15 anal yzing a value (an actually neasured value - a
reference val ue) obtained by subtracting the reference line (the reference
value) in the second region froma cgafiguration (the actually nmeasured
value) in the second region cal cul ating the maxi num val ue anong the val ues
‘as a surface 20 characteristic A and the m ni num val ue anong the val ues as
a surface characteristic B~ and evaluating configuration uniformty in the
peri pheral portion of the wafer fromplural surface characteristics A and

surface char acteyese tvalaeBwakb aliidgzal a8thd PRuaMtprbRldiefrbRN ehdlceRyt | On Of
the wafer. 25 2. The nethod for evaluating a wafer configuration according

Lo clai Bortiohfthe WHEE b tHd\EISORSH B Nk HTRURN MitobtioRs! G rRAY pher al

portion of the water 1s evaluated froma difference between t mum

ot i ned T ATEHE DA R on 408 Bl o Ar B B RRGIEL Bheifuc

eval uati%%cg fer configuration according to claim1, wherein the
confi gur ‘1 niformty in the peripheral portion of the wafer is

eval yated fro di fference between .the maxjnum.al ue and the m,nimum val ue
of tie plural CtileE?'laW%lEﬂ é‘r"i\g@ﬁeés &W%cﬁe@@rﬁcfeﬁ@tﬁérgpﬁ@#a portion
of the fer 10,4. The nmet hod r, eyal uating.a wafer configuration

accor di \é%’tﬁal%# from the ‘R/ﬁ‘étf‘l@Pn ‘&%&Pf rN e(‘ﬁ‘%ﬂ?@ﬁ@gcéhﬁﬁﬁgtgﬁb%ﬁei c (A -
B)) between the surface characteristic A and the surface characterjstic B

i s obt ai HYY vakuRs @aeﬁw&orx rﬁpgmaSegerfamed egchshing ghit Heluss thereef mity in
t he peripheral portion of the wafer is evaluated froma difference between
t he naxiWhigh/wpreokiginedfromspratiesrintevsactimson natehpl ural surface
characteristics (A - B) obtained in the peripheral portion of the wafer. 5.
The nethod for IevEiGuat ithareaangshkowsn shanges wx AcndBaaraimefer yaluesiah 1,
wherein the configuration uniformty in the peripheral portion of the wafer
i s el venaduatipn Ipositionsafor theevaluated swfrfase nhalracteristice. dMer alosoissast i cs A,
20 surface characteristics B or differences therebetween (surface

char act eofi EIGc4 ifdicatdd) pheobvaluated positiva @erThEhpositiopdd is ohtaified gy waf er .

6. The nethod for evaluating a wafer configuration according to any one of
cl ai s Iplottiby vaherseevaluhtedvadtatingotifei wafeat inotheprarigd ef B60 degpdageinreasur ed
with a prescribed space within a surface of the wafer, and 25 di spl acenent
in the dilreedb¢lomise@litdctivh dtothiehsotehfagr0 degrbas.eThe crdidutekndivaterf the - 36 t he

waf er . _
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 exbosed 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



7. The nethod for evaluating a wafer configuration according to claim®6,
Mwherein the prescribed space for neasurenent is 1 mmor |less. 8. The nethod
for evaluating a wafer configuration according to any 5 one of clains 1 to
7, wherein the prescribed angul ar sb%gé to obtain the wafer configuration
‘profiles is 1 degree or less. 9. A wafer evaluated by the nethod for

eval uating a wafer configuration according to any one of clains 1 to 8,
wherein a difference between the nmaxi mum val ue and the m ni num val ue of
plural surface 1 haracteristics B.obtained within a surface of the wafer
(the B pAvasiaeaie ptﬁﬁ phroramal gop; rthensteppes epd)canseyed thatdhe ees. 10. A
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0 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 periphe_ral :

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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103f #1 0% (12e irregular cut-in gl)the perlfﬁﬁzra portlo(rz of the wafer by a wire when

using a wire saw and the like. It is also to slice the wafer so as to improve a
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 éontrol 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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back surface of a work, t e 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

256 Example 1.
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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 plurél 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 ..
(um) (um) — Minimum (ym) deviation
(um) (um)
Wafer 52 0.330 ~0.007 0.337 0.110 0.079
(Example 2)
Wafer 53 0.241 ~0.024 0.265 0.104 0.055
(Example 2)
Wafer 54 0.253 ~0.020 0.272 0.093 0.060
(Example 2) _
Wafer Sb
(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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& #109& ()-9! 109& (1\)[ 9 109 () 109& )N&mﬁ&ﬂ"& () -} Ut | ~~\ dEsndard
Y"10%yS5S! 10%&' () - a(x 1m)um 1?1m)u | _ Minimum A\(rera)ge deviation
Hm Hm (um) Hm (um)
Water 52 0.002 —0.553 0.556 —0.309 0.111
(Example 2)
Wafer 53 ~0.124 0515 0.390 ~0.300 0.073
(Example 2)
Wafer 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 | Minimum Mﬁ.’“mum Average gtapda}rd
(um) (”m) — Minimum (p.m) eviation
(um) (um)
Wafer 52 0.636 0.251 0.384 0.419 0.074
(Example 2)
Wafer 53 0.619 0.215 0.404 0.404 0.069
(Example 2)
Wafer S4 0.579 0.195 0.385 0.380 0.070
(Example 2)
Wafer SH
(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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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
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
manufactured from the common wafer manufacturing process was referred
to as S5.

- 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
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 fhe 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
peripheral portion uniformity) of plural surface characteristics B obtained 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

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 parameterv 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

25 a frequency of the order of 10 % of processed wafers. Evaluation on a wafer



\ Z"109%& ()-_ \\ Z"10%& ()-_ \ Z"10%& ()-_ \ Z"10%& ()-_ /K@"\ Z"10%& ()-_
del/\ Z"10%& ()-_ \ Z"10%& ()-_ \ Z"10%& ()-_ \ Z"10%& ()-_ \ Z"109%& ()- _
[ K@\ Z"109% ()-_ |]1>/\ Z"10% Z"10%&-()-_ "\ Z"109%& ()-_ \ Z"109%& ()-_ \
Z"10%& ()-_ /K@"\ Z"109%& ()- _

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 more. Noté 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 redﬁced 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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mirﬁmum 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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1. A method for evaluating a wafer configuration comprising the steps
of:

5 obtaining plural wafer configuration profiles of from the central
portion of a wafer to the edge portion thereof along the entire periphery
thereof at a prescribed angular space;

providing a first region for calculating a reference line for each of
the profiles in the central side of the wafer;

10 calculating the reference line in the first region;

further providing a second region in the peripheral side of the wafer
outside the first region;

extrapolating the reference line calculated in the first region to the
second region;

15 analyzing a value (an actually measured value — a reference value)
obtained by subtracting the reference line (the reference value) in the second
region from a configuration (the actually measured value) in the second
region;

calculating the maximum value among the values as a surface

20 . characteristic A and the minimum value among the values as a surface

characteristic B; and

evaluating configuration uniformity in the peripheral portion of the
wafer from plural s.urface characteristics A and surface characteristics B
obtained along the entire peripheral portion of the wafer.

25 2 The method for evaluating a wafer configuration according to claim
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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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14. The wafer sorting method according to claim 13, wherein there are
sorted wafers each having a difference between the maximum value and the
10 minimum value of plural surface characteristics (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.



