19 August 2005 1 DESCRI PTION 5 METHOD AND APPARATUS FOR EWALWATHING WAFER
CONFI GURATI ON, DEVI CE FABRI CATI NG METHOD, WAFER, AND WAFER™ SORTI NG METHOD
Technical Field: The present inventi gr) relates to a nethod and an appar at us
for. ‘evaluating a configuration of waf er represented by a silicon wafer.
The ~ 10 present invention also relates to a sem conductor device
fabricating nmethod, especially to a wafer enabling inprovenent in a yield
in a device fabricating process using an exposure system and a sorting

met hod for the sarme. Backgroun@i&é'gﬁ (SJRQventionally, a met hod for
manuf acturing a silicon wafer B IONs e conductor substrate materi al
generally conprises a crystal gromh process for producing a single

crystal ingot by a Czochral ski (CZ) nethod, a floating zone nelting (F2)
met hod or the |ike, and a wafer manufacturin process for manufacturing a

waf er by sli CMETH@E ANNRABPARATHS F‘DBgEV PTONPr WABERNg at | east one

mai n surface thereof into a mrror-like surface. To describe the process

mor e det ai ICSINVFIGTRRATRON, DIEWIEEF ABRIGAFING METEHOD Ws&EER3 slicing step
~of slicing the single crystal ingot to obtain a thin and disk-shaped

waf &r; a chanfering st AN WABERSSORTINGMEDEORB! edge portion of the
waf er obtained through the slicing step to prevent cracking and 25 chi ppi ng
of the wafer; a lapping step of flattening this wafer; an etching step 19
“August 2005 -2 :

Technical Field:
The present invention reléte_s fo a method and an apparatus for
evaluating a configuration of a wafer represented by a silicon wafer. The
10 present invention also relates to a semiconductor device fabricating method,
especially to a wafer enabling improvement in a yield in a device fabricating

process using an exposure system, and a sorting method for the same.

Back;ground Art:

b _ Conventionaily, a method for manufacturing a silicon wafer used as
a semiconductor substrate material generally comprises a crystal growth
process for producmg a single crystal mgot by a Czochralski (CZ) method a
floating zone melting (FZ) method or the like, and a wafer manufacturing
precess for_ﬁlanufacturing a wafer by slicing this single crystai‘in_g.ot and

20 processing at least one main surface thereof into a mirror-like surface. To
describe the process more detailedly, the wafer manufacturing process
comprises, a slicing step of slicing the single crystal ingot to 6btain 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

25  chipping of the wafer; a lapping step of flattening this wafer; an etching step




of renmoving machi ning deformation remaining in the so g@gﬂ&gﬁggoynd | apped
wafer; a polishing step of nmaking a mrror surface of the fer; and a

cl eaning step of cleaning the polished wafer to renove a polishing agent or
dust particles deposited thereon. Th& main steps of the waf er manuf acturing
5 process are only listed above, and sonetines other steps such as a heat
treatnent step may be added, or the step sequence nay be changed. :
Recently, an integration level in a sem conductor device has been beconi ng
i ncreasingly hjgher because of the remarkable progress in the :

sen corffuEeBeVIey Machiae, defyyynation) remaining énpihsyse schamafededeandl f or 10
quality of a silicon wafer or-the |ike has also been becom ng nore severe.
A sem derpeé aferiapelishingfsdbp o€ makingp miiroy sarface obthepvhfehaddwaf er whi ch
has been subjected to the single crystal producing process and the wafer
manuf actleaning giepaésieardingtthe peidhed Waferi toatenngreps Qodishingagé@pof form ng
a resist pattern is repeatedly perforned 20 to 30 tines. Recently, a

hi gher diistipureigleatdeposited ¢hefonsh. Tlghaiaip etdperofahe &vdfBr taRIFhGARIIET OF
integrated circuit has been advanced remarkably, and in conpany with this

t engenqrocesDhLe Iﬂihlc}i Hstiéd ZHove) adld SdrhEtiinesPEH® f8pk SucBWE LeHeatl aki Ng a
DRAM (dynam c random access nenory) as an exanple, in a 64M bit DRAM t hat

i s nowrbAtAsd Gt Yn Rf BEUdedN or 8hd S&pSleqhh to 0.20 pmis
dr awn. 50 In a ph%t oﬁthogrgphgrsteg‘%ba ﬂrg %‘i%ﬁ@?e P%%gg&{nwavel ength = 248

nm of ultray.eheflyr Qﬂiiﬁ%%ﬁi@f HRRf il Qeﬁi@)rsﬁtdu%%ir dévid® E{as}cl%e%gxfem ly.

Further, with mniaturizat of patterns, al'so inprovene nmensi on
Germnd HePiting MHEL R AL HGRY houh BT b A% rehiathbleS bR AEsE S0 70,
a. devi g 035, RERSE: bcﬁa%?ég REHTRE1S 2,5ai51 Vith tﬁlgs 'f‘)‘%ggursétss,zgoae%and for

10 quality of a silicon wafer or the .li_ke has also been becoming more severe. A
semiconductor device is fabficated by using a mirror-polished wafer Which.r
has been subjected to the single crystal producing process and the wafer
manufacturing process. In the device fabricating process, a step of forming a

| resist pattern is repeatedly performed 20 to 30 times, Recently, a higher
| 15  integration level and higher performance in a semiconductor integrated
. circuit has been advanced remarkably, and in company with this tendency,
more miniaturization of circuit patterns is required. Taking a DRAM
(dynamic random access memory) as an examp-le, in a 64M bit DRAM that is
now m quantity production, a resist pattern of 0.25 um 10 0.20 pm is drawn.

20 In a photolithography step, a KrF excimer laser (wavelength = 248 nm) .of
ultraviolet radiation is used as a light source most frequently. Further, with
miniaturization of patterns, also improvement in dimension accuracy and
overlay accuracy is required. With this progress, also a demand for quality of
a silicon wafer or the like used as a base for a device has been becoming more

25  severe.




That is, this is because a higher integration |evel of 1@A§Eﬁgt§@(§gjgctor

devi ce has brought out mniaturization of a device size, and for i nstance,
-slight undulation or the like on a silicon wafer nay lead to errors in a
device pattern during the photolittdgraphy step or other steps. In
addition, in order 5 to effectively use a wafer, there is required a wafer
whi ch has excellent flatness up to the utnost outer peripheral partion
(the very Iimt of the chanfered portion) of its main surface. As one of

- the inportant characteristics required to the silicon wafer as described
above, there Thasipridi erberhusbadeghenbintegratien dofel of heewsitenduddr shape
quality includes various paraneters such as a dianeter, a thickness,

par al | eeiie hab diroeght outrenibentizakion Wit d devicdl sizbyahi foprigstarnesc! e named
sori, bow, warp or the like, irregularities with a cycle of several nm

named slgHyhaidu0atian Gr $Hb e QUINARSFaféeRatibYd theriotsfih Y
evaluated by quality nanmed gl obal flatness of site flatness based on a

back sipd@ieraf BISAS Ehe iaﬁoﬂihtﬁo%étﬁrl]{ Sétbfl%rro%fég.é SRES, ﬁtaggisesi 8% ogae; | at ness.

Especially, as the index of f s, the g )aste ~on the

. ' . ' d . . ; s 1S
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f Wi b . ' i tional. dis cenent and

et et TERBSE w89 Rl B BUS R DR IO AT LenP o et

- cor r-esgﬁgﬁsf%%e'od g\él’r\é(bon();r E%L‘ngﬁgﬁ ss Variation) which is a conventi onal

speci fIC fitss based on the back side reference is
Froquent Iy usBl o Qb EOr UL o6 GRS S TR e o oo P EFoR Fageied s 5 25
;?I ':r ﬁgg%?ghgiggé%vgz{:ﬁqurisaé p?o ClgmS Io% ghgpg lq?lg?it;r- rtltﬁ;!algjedolf.n _I?e Sv%rf]'etarer of t-he'
10  shape quéﬁty includes vé.rious parameters such as a diametef, a thjcknéss, _
parallelism, ﬂatness, irreg'ularities with a relatively longer cycle nameld sori,
bow, warp or the like, irregularities with a cycle of several mm named
undulation énd surface roughness; recently, it is frequently evaluated b_y
quality named global flatness or site ﬂéfness based on a back side reference
15 or a front side reference as an index of flatness.
Especially, as the index of flatness, the global flatness based on the -
_ 'back side reference is named GBIR (Global Back Ideal Range); this is usually
defined, assuming that a reference plane is prepared within a wafer'surface,
as a width between the maximum positional displacement and the minimum
20  positional displacement against the reference plane, and corresponds to TTV
| (Total Thickness Variation) which is a conventipnal specification.
Also, the site flatness based on the back side reference is named’
SBIR (Site Back Ideal Range), and corresponds to LTV which was quite

frequently used in the past. When a back surface of a wafer is used as a

25 reference plane and further at each site a plane including a center of the site




is enployed as a focal plane, the SBIRis a sum of abs @b uluguyabyes of the
respecti ve maxi num di spl acenents in the plus side and mnuS side fromthe
focal plane in the site, which is evaluated for each site. Usually, in case
of an 8-inch wafer or the like, thi%# value is evaluated in an area havi ng
a site of the 5 order of 20 mmx 20 nm The size of this site varies
dependi ng upon a dianeter or specifications of a wafer. Mreover, the site
fl at ness based on the front side reference is named SFQR (Site Front Least

Squar es. Ran c this s umof a ute values of the respective maxi mum
di spl ac‘érf‘éﬂgﬁ’%'ﬁﬂ The %Fﬂﬁpi‘?}% é‘ﬁo‘gﬁﬂﬁﬁ a gum @b abselute valves of shee pl ane
which is a flat plane in a site obtained by calculating data with the

met hod 1§EPeetHe megimuss distpeamentscipatheaplag side and ohinusigide franhithe a
prescribed site. Further, quality named nanotopography has been taken

ser i oudpsal plane imashesipowhaghis ¢wlluataddioe danh oo Addumily), imeassof an
irregularities with a 15 wavel ength of the order of fromO0.1 mMmto 20 mm

and an Snphi vafte crfthelikey thirvalhe fis evalsevet al anmrt® ha0haakitk bty al uati on
met hod therefor is perforned by evaluating a difference of altitude of

i rr8guloxdet o€ 20( RV \20 wen. ([hakKsize ofafHie\siteOPafedalePbndisd @.P@niéﬂ a range
of a square block having a side of the order of fromO0.1 mmito 10 mm or

of a cidighedér & gsdeificenticits & AliwaFat er of 20 the order of fromO0.1 nmto 10
mm (this range is naned WNDOW SI ZE or the like). This PV value is also

named Nanot OpBidigbedl, {1 @it AatndRCHAIME o the LEIANG! OEROLARNY, 1€ 1S

desired that the maxinmum value of the irregularities presen n the

cva eiadhan QR T ek, 1R el Wi Ve @ P,
?\SIal uatyl, phe Obf ﬁeme'éf)@tjzﬂi\tré/ nfxifl lfﬁsﬁ’fa&éh%ﬂ%sqyl? b Bﬂl\él 9 %niligm'ia\rlljlgsu st 2005
10 side from the reférence plane which is a flat plane in a site obfained by
~ calculating data with the method of least squares, which is evaluated for each
~ site within a prescribed site.
Furthe;', quality named nanotopography has been taken seriously.
The nanotopography (also named nanotopology) means irregtﬂarities with a
15 wavelength of the order of _from 0.1 mm to 20 mm and an amplitude of the
order of from several nm to 100 nm; the evaluation method therefor is
performed by evaluating a difference of altitude of irregulal;ities (a PV value;
- peak to valley) on a wafer surface in a range of a square block having a side of
the order of from 0.1 mm to 10 mm, or of a circular block having a diameter of
20" the order of from 0.1 mm to 10 mm (this range is named WINDOW SIZE or
fhe like). This PV value is also named Nanotopological Height or the like. As
the nanotopography, it is desired thét‘ the maximum value of the
irregularities present within the evaluated wafer surface is small. Usually,
‘this value of a wafer is evaluated by the maximum value among PV values

25  obtained through evaluation of a plurality of blocks with a squaré having a




side of 10 rfm'and when this value is 60 nmor |ess, iltl'giugg%g?gg ned t hat
the evaluated wafer is a good chip: Up to a design rule o . pmin the

o device fabricating process, it was enough to manufacture a wafer that

meets standard requirenents under %Sbevaluation with the above-nmenti oned

I ndex, but as recently. the design rule has been becom ng increasingly
severe with a specification of 0.15 pmor even 0.13 pm when a wafer that
neets the above standard requirenents was used for fabricating an actual
device, there sonetines took place decrease of its vyield. Accordingly,

t here a¥idepédlimey andwhen thisrlae tisi60 myn e férsditan dederkfingalf hmt ¢kal uat i ng
nmet hod in which a wafer is prescribed by factors other than the -

above- nemtlirateebwiafidexs esgauddctgpeci f i cati ons of severe design rules are
carried out without any problem Especially, with the above-nentioned GBI R,

SBIR SFQR, orUphe a Hédign rallé bp0UIB {indinehs @M@ﬁb@i&@irﬁﬁi&@sé}%t ion of a

waf er can be precisely 15 evaluated, flatness at a peripheral portion

t her eofwageREGER S Yn B TREHIrER WRfdrtBaY %@ﬁie@é Eﬁﬁfdafara r@@&ﬂ‘éﬂ:{e)th Sheen a

chanfered portion and a main surface of a wafer Is sonetines not eval uated

Pregi sedvalulifbniwithaheSbdvl-thBRLHRYA ‘iﬁ%&gﬁ%ﬁé& niéc bl 5 desi processing

machi nes such as an exposure system an Be! nées are uhg : ang a20
ithid i : Use ne an -
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R | ind h GBIR, SBI R, FOR., 25 There are now
Foqui r SO PRbSRGne L RAEE) e TuslP hmptimes CRk Al hdsimesaouatss |

vield. Accordingly, there are required a wafer manufacturing method and a

-

10 Wafer evaluating method in which a wafer is prescribed by factors other than
the abofre-mentioned indexes and sp;eciﬁcations of sevére design rules are
carried out without any problem.

Especially, with the abovementioned GBIR, SBIR, SFQR, or the
like, although flatness at tﬁe middle side portion of a wafer can be precisely

15 evaluated, flatness at a peripheral portion thereof, especially a portion in the
vicinity of a boundary between a chamfered portion and a main surface of a
wafer is sometimes not evaluated precisely.

For instance, in the device fabricating proéess, many processing
machines such as an exposure system and other machines are used, and

20 c'ompatibi]jty between a wafer holding chuck used in each machine and a
co_n_ﬁguration of a wafer to bel procéssed has been becoming an issue.
Matching between undulation and a peripheral shape of the chuck and those
of the wafer is important, but it is impqssible to evaluate the matching by the -
conventional indexes such as GBIR, SBIR, and SFQR.

: ‘25‘ There are now required indexes_'which can precisely evaluate the




conpatibility and the |ike between each device fabri cag'gmwgt 865s, nore
particularly a chuck used in each processing nmachine and a wafer to be
processed. Especially, when a severe specification of the design rule is
applied to a wafer, it is necessary. 40 nore precisely evaluate the

peri pheral portion of the wafer. Especially, there is a stepper (a popular
name of a reduction projection step and repeat exposure system wherein a
wafer is stepped and, expgsed repeated]y.tQ a prqjected figure through a
mask pa(focnéPﬁg ity dncs tae Fiﬁ%f»'t g@F‘y?eri €aGhRsdqHite RSN IRFOBERSIBPE t o sort
out wafers, which are usable in the stepper in ternms of configurations

t herer d?awllilﬁfiﬁéﬁe@‘éﬁ]éﬁl%%l urorchprocessing maching apdya wafer 3o0k&inni ng
exposure system _Disclosure O The Invention: Wth the foregoing,

di f fi cuprocessesy Esregipllor when pnseyesq, spacification obj her design: maleei@anpl e
enbodi ments to provide a nmethod and an apparatus for evaluating a wafer
conf i guarRliegihtaniveafer, by ie paresgarigoquare pyecisely exatuate therparipheel on from a
different viewdoint fromthe conventional SFQR or the |ike, are capable of
nmor e prRWtiosl of theavaigri ng t he peripheral portion of the wafer to

manuf acture a wafer suitable for each device fabricating process and

i mprove pr odispacullef fhaieensya i stepiper dievimpulabrhamei of prosbsgiend t he
subsequent processes. Anot her object of the exanple enbodinents is to

provi derajaisncstepfeadsl rapeat egpoettosystemafteareimadvalenid steppedtdml net hod
which, by evaluating quality of a wafer configuration froma different

vi ewpoiaxipoked meptdiedio by enprajectd SigpReothrvoheghl a keaslsipagterhqaateticte ment i oned
eval uating 19 August 2005 -7 method and apparatus, are capable of nore
preci salatted)y dt wakimg nevesdaily possible to sort out wafers which are usable in

the stepper in terms of configurations thererof by indexes such as SFQR. The

same is also true for a scanning exposure system.

Disclosure Of The Invention:

With the foregoing difficulties of the prior art in view, it is an object
of the example embodiments to provide a method and an apparatus for
evaluating a wafer configuration which, by evaluating quality of a wafer

- configuration from a different viewpoint from the conventional SFQR or the
like, are capable of more precisely evaluating the peripheral portion of the
wafer to manufacture a wafer suitable for each device fabricating process and
improve production efficiency in the device fabricating process and the
subsequent processes.

Another object of the example embodiments is to provide a device
fabricating method, a wafer, and a wafer sorting method which, . by
évaluating quality of a wafer configuration from a different viewpoint from

the conventional SFQR or the like using the above-mentioned evaluating




on a wafer surface and the peripheral portion of a wafgy AL @,§4ppsy a wafer
suitable for each device fabricating process, especially a~process using an
exposure system and inprove production efficiency in the device
fabricating process and subsequent_-processes. According to a first aspect
of the present invention, there is provided a nethod for evaluating a
waf er configuration conprising the steps of: neasuring a configuration of
a wafer at positions with a prescribed space. within a surface of the
waf er ; BEBRHPAG apnaratls, @agicenable of moreProgisdy evalnatingeupgrlatigteul ating a
reference line or a reference plane fromthe nmeasured wafer configuration;
cal cul @m fgwalferefwsifagecandithe rarinheral epeiier oflcawalsmta fePrli 2 stafeegi on;
provi ding a second region to be evaluated outside the first region;
ext r apotuitablg fph@aﬁbﬂg‘r@ﬁ; ébrieading pregessenspegifing pooqass wHogmnN r egi on;
anal yzing a difference between the configuration of the second regi on and
the refxposhee systam, emd shpramqeoghaiien wifidkmeyt hetlsedevide falyiicatingind
calculating the analyzed difference as surface characteristics. In the
above iproenss andretdsedpenhpromseesl region is provided in a range of froma
boundary of the first region to an edge portion of the wafer, differences
(actual | y neasordohgvad adist ebpectindethegbnesent betentmm, chafd Fupadvideds at a
plurality of arbitrary positions within the second region (actually
nmeasur ed mathes foartraliingfeneaee danfgmirationetempnsinglthaesteps dfhe
positions (reference values) are anal yzed, and the nmaxi mum val ue anong the
‘val ues ratasuttieg anadryz@dadohif &F &neger (dthsogdisnd mdth rRpIresoribbids phacement
anount or the positive maxi mumthickness difference) is calculated as the
sur f acewithhinracheficst b the (Wake) protdingg talrst Hegiotuitita efarageeristic A
(rise) 19 August 2005 -8 may be called paraneter A)

surface for calculating a reference line or a reference plane from the measured

wafer configuration; calculating a reference line or a reference plane in the
first region; providing a second region to be evaluated outside the first region;
~ extrapolating the reference line or reference plane to the second region;
analyzing a difference between the configuration of the second region and the
reference line or reference plane within the second region; and calculating the

analyzed difference as surface characteristics.

In the above inventive method, the second region is provided in a
range of from a boundary of the first region to an edge portion of the wafer,
differences {actually measured values-reference values) between configurations
at a plurality of arbitrary positions within the second region (actually
measured values) and the reference lines or reference planes at the positions
{reference values) are analyzed, and the maximum value among the values of
the analyzed differences (the positive maximum displacement amount or the
positive maximum thickness difference} is calculated as the surface

characteristic A (rise). (Note that this surface characteristic A (rise)




In the above inventive nmethod, the second region is pr I range of
froma boundary of the first region to an edge porti on?%fﬂ?ﬁswm? er,

di fferences (actually measured val ues-reference val ues) between
configurations at a plurality of argitrary positions within the second
region (actually neasured values) and the reference |ine or reference
plane at the positions (reference values) are analyzed, and the m nimm
val ue (the negative naxi mum value) anong the val ues of the analyzed

di f f er eW@¥Pq calledi parpmieter 44  t he surface characteristic B (sag). (Note
that this surface characteristic (sag) may be called paraneter B.).
Accor di ng tollvat%@@émeaz@ﬁéatw@fm@ﬂ@dp eptcdne, segipBnis prsided dnprovi ded a
met hod for evaluating wafer configuration conprising the steps of:

measur i Fege efowpingarheuinsiary fof shedirsl regiopdeisn edge mpttmraObﬂ@%weifqred space
within a surface of the wafer; providing a first region on the wafer

sur f acediffgrences [(aafihally n@aaureeif waluas-efeianee oralues) dbebyveamceordigaretibnem t he
measured wafer configuration; calculating a reference |line or a reference
pl ane iat teheplhiralgy of @bdmammoaitiﬁmﬁg vditiihe tha c escanet weginnt ectneller ence
line or the reference plane and actually neasured values within the first
r egi on; measucd valhas) agd dhe stefardacal lide voratéferenoe gflahb eat ofhieaposdtods f f er ences
as the surface characteristic C (undulation). (Note that the surface

char act (eefesdrice @alussyludunat iama)yzedy ded thel Imthipamamedlere @he hegativé he waf er
configuration neasured at a plurality of positions with a prescribed space
Wi t hi n mbrinsafrevalady iidongithe dakpisaf ehe ahalyzed glifferences Bughtneasyd as t he
direction vertical to the wafer surface or a wafer thickness. Eval uati on
on the Giespirfaenitiratterisie Bl{sagk (Nofe tHek thixadurfacd émrwtfeefsu&tgt

August 2005 -9 makes it possible to perfor m eval uati on based on e front
si de rehayPRCRiled parameter B.).
According to a second aspect of the present invention, there is provided
a method for evaluating wafer configuration comprising the steps of:
measuring a configuration of a wafer at positions with a prescribed space
within a surface of the wafer; providing a first region on the wafer surface for
calculating a reference line or a reference plane from the measured wafer
configuration; calculating a reference line or a reference plane in the first
region; obtaining differences between the reference line or the reference plane
and actually measured values within the first region; and calculating a
standard deviation o of the obtained differences as the surface characteristic
C (undulation). (Note that the surface characteristic C {undulation} may be
called parameter C).
Here, the wafer configuration measured at a plurality of positions with
a prescribed space within the wafer surface is displacement (height or

roughness) in the direction vertical to the wafer surface or a wafer thickness.

Evaluation on the displacement in the direction vertical to the wafer surface




Further evaluation on the wafer thickness makes it poss$ghlgudi@operform
.eval uati on based on the back side reference. It is preferable.to nmake the
reference line of fromthe vicinity of the 5 central portion of the wafer
to a boundary of the first region widhin the first regi on by reading a
configuration profile (that is, obtaining a configuration profile) of from
the central portion of the-wafer to the edge portion thereof. The surface
characteristics are preferably analyzed with a value obtained by averagi ng
co.nfigu.rg]t{i on profjles of fromthe central portion of the 10 wafer to the
edge pdrtkenli Ressible thperformeevalyation bagsnduen theyfront guls referencen t he

waf er surface. It is also possible to analyze the surface characteristics
from rBusber ievelwaiidn gur dr¢ onaler ofhitkmesshinudkesr & pessdblet ta petforad i ty of
positions of fromthe central portion of the wafer to the edge portion

t her eofevahmti@bbased d5 the bavlke sidperefatereef rom a plurality of the anal yzed
surface characteristics. Further, the reference plane of the first region
i s preferabl ylniderefdrabbe tatrealichidie soferameading dhfromt t1e eixirans of chavaf er
surface of fromthe central portion of the wafer to the edge portion

t hek eofcentral thaetien mfehs vifet tSaUD R drieos! thiseirsd replofr wiRUih 266 first di vi ded
into 20 areas (sites) each about 20 mm square in which a reference pl ane

i S prepagRel b Q6adivdl 43bhABurdtitn phokildl GHhGRSE obthNHS %E&ﬁﬁg&f}ﬁ; P! ane is
prepared in a narrow area to be averaged, it Is oftgn I npossi ble to

accur atehi3 bRk She dEhGHL ?Bﬂti&f’ﬂf Elfu? dafactdale (ﬁ%&fﬂ&'ﬂfoﬁt e the |ike.

Especidlly, in this conventional evaluating net a contfirguration of the

Ragust 2005 - T es, St ol AT IR AR AR AR H TR . "o

shown i

oBtained by averaging configuration profiles of from the central portion of the
10 wafer to the edge portion thereof which are read at a plurality of positions‘ on
" the wafer surface. |
It is also possible to analyze the surface characteristics from
respective configuration proﬁles which are read at a plurality of positions of |
from the central portion of the wafer to the edge portion thereof, and obtain
15  an average value from a plurality of the analyzed surface characteristics.
Further, the reference plane of the first region is preferably made
from data that are read within the extensive wafer surface ﬁf from the central
_portion of the wafer to the edge portion thereof_'.
| In the conventional SFQR or the like, a Wafe'rr surface is divided into
20  areas (sites) each about 20 mm square in which a reference plane is prepared
for evaluation, but in this case, since a reference plane is prepared in a
narrow area to be averaged, it is often impossible to accurately evaluate
deterioration of an actual configuration or the like. Especially, in this
conventional evaluating method, a configuration of the peripheral portion of _

25  the wafer cannot be evaluated accurately.




FIG 1, a reference line or a reference plane is prepaqggF%aﬂaoggobal
(extensive) region (a first region) for calculating a reférence line or a
reference plane froma basic configuration of a wafer; the reference |ine
or reference plane is used by extrapolating it to a region to be eval uated
such as the peripheral portion of thh@-wafer (a second region) for

anal yzing the surface characteristics of the second region, or the
reference line or reference plane is used in the first region to analyze
the surface q@%h@mﬁa'ﬁomng% fd %kallfn hhbddiaRid NSs shothd fifrence
between the reference Iine or reference plane and the actual

confi gur@ld.on.a kiereiRasineest ApXefBHBeVRhHE id Brepiabdlah @dsiaBal(ckictRivef | N FI G
1), the measured mninmumvalue as a sag (B1n"FIG 1), and the dispersion
of  roughkerss(d firsétheedibmjsfor €dicAhtikg aNrditfenct)1idé oindukhirefde plige

undul ation in the exanple enbodinents is evaluated and quantified froma
di f f er enfrompaibzsiotonfigwatibntdfen vafere tihé oefatentedineadr eeferdnwegilhee isvor ds, in
t he nethod according to the exanple enbodinents, a reference line or a

r ef er encasegl byeextmppladpry gdtd A mgiextebsi ealeged $udd asribgi periphertl r st
region) on a wafer surface, which is an area larger than at |east the site
t o be ewrfirtigned thy waler tosreend region) Sroralyzingdheigwsfacerhasaeteaistics
characterjistics in the first region or,in a region to be evaluated (a
second qfe%aeoﬁecoe BELARR RS SIS dingi on referencs) plansdsgisdyitbthe he

ERA MECAREEC S ST AR O M
o L SRR TSRS R AR, O AR p B 1 LBERRNEE LU0
(gl obal ) MRLELA G ThEYhak ASERL G ihe ! cﬁ&@%cﬁsé’b\\l\gx?%‘rléf esent

( 4 8q i@l
I nvent i on, rthere I’S pl’ oVvi c}% an appar at us ?OI’ eval uat | ng a

confi gurgt H (e TR SIAGim@mCRhE B4 ALAP ps iRRgU ﬁh%dlﬂ{et disBEriB@epri ng a
configuration of a wafer at positions with a 19 Algust 2005

roughness in the first region (C in FIG. 1} as undulation. The undulation in

the example embodiments is evaluated and quantified from a different
point of view of the conventional undulation.

In other words, in the method according to the example embodiments,
a reference line or a reference plane is prepared in an extensive specified
region (a first region) on a wafer surface, which is an area larger than at least
the site to be evaluated by the conventional SFQR or the like; the surface
characteristics in the first region or in a region to be evaluated (a second
region) other than the first region is evaluated based on the reference line or
reference plane prepared in the extensive specified region (the first region).

As for the evaluation reference, a two-dimensional reference plane
and a straight or curved reference line may be used, but it is necessary to use
such a value as represents a whole (global) wafer configuration.

According to a third aspect of the present invention, there is provided
an apparatus for evaluating a wafer configuration comprising: a configuration

measuring unit for measuring a configuration of a wafer at positions with a




-11 prescribed space on a surface of the wafer; a storageq deyubaesfor
successively inputting and storing configuration data neaSured by the
configuration nmeasuring unit; and a surface characteristic cal cul ating
unit for reading the configurationjidata of the wafer fromthe centra
portion of the wafer to the edge portion thereof fromthe storage device,
calculating a reference line or a reference plane in a region of the wafer
fromthe central portion of the wafer to an arbitrary portion_thereof,
anal yzi wgesama# FEREMER pEYIfRENOL Hie Wafai andierags Aevige Tohaureissi@ite pl ane
and an arbitrary position, and calculating the analyzed difference as

sur f acTPMAHRE 8n¢l ssiorng erefigimideneiatromeasussd ikyuthe i emigBaatien ng uni t
is preferably a displacenent neasuring unit for mneasuring displacenment in
the di rEeasyang wveianl arguince fharastesictis qedailating nnibforareadingiélee of t he
waf er placed on the test stand wthin a wafer surface, or a thickness

nmeasur i ¢Riplighration daje £ thengalgr framciheeesntsd]l porighee! Hed wvafsr to Hle er

holding jig within the wafer surface. The apparatus according to the
exanpl @Wrﬁl@ﬁ@ feain dhe ajengs| devicse dalapating prigfergnositine oy avet hod
according to the exanpl e enbodi nents. In a device fabricating method

accor dineterence hlanexiang regioe i dlié mexfitrsfromhtine tabirat poirtion af deeivedeon a waf er
wi th an exposure system the device is fabricated using the wafer having

t he surtbaae achdragyt portiiri thekeof, rarsdyziog - Biffenenar béweencthieaefatec: by t he
above-nenti oned eval uati ng nethod and apparatus. Thus, the effect of rise
i n the ljyer ophteatef@ente gulané andvaire arbsrayyepdsition, bhe daleubeirgaliie cati ng
process using an exposure system it is preferable to mnake a value of the
sur f ac exrcipredcdiffetedice sAuifdceehaphdtatistics.by the above-nentioned eval uati ng

met hod as small as possible. Especially, it is effective to fabricate a
devi ce usi ndlen abwpesneinyst eonfgtuatwahersuringd tmit is preferably a
displacement measuring unit for measuring displacement in the direction
vertical to a surface of a test stand of a surface of the wafer placed on the test
. stand within a wafer surface, or a thickness measuring unit for measuring a
thickness of a wafer held by a wafer holding jig within the wafer surface. The
apparatus according to the example embodiments is advantageously used for
carrying out the method according to the example embodiments.
In a device fabricating method according to the example
embodiments, when fabricating a device on a wafer with an exposure system,
the device is fabricated using the wafer having the surface characteristic A
(rise) of 150 nm or less calculated by the above-mentioned evaluating method
and apparatus.
Thus, the effect of rise in the peripheral portion of a wafer is great in
the device fabricating process using an exposure system; it is preferable to
make a value of the surface characteristic A (rise) obtained by the

above-mentioned evaluating method as small as possible. Especially, it is

effective to fabricate a device using an exposure system with a wafer of A =




19 August 2005 -12 150 nmor less. It is preferable to; Iﬁgusrtbgogi si ng
conponents as small as possible, but it is not preferable ™t o nake saggi ng
too large, so that the lower |imt thereof is about -20 nm Further, when
fabricating a device with an exposung .system it is preferable to
fabricate the device using the wafer having the surface characteristic B
(sag) of -300 nmor less, especially of -300 nmto -900 nm cal cul ated by
t he above-nenti oned eval uati ng nmet hod and apparatus. It is nx‘x)%ﬁ,} i nport ant
for thelSfamen %’s‘@ﬁs-i]ﬁlﬁrpr@?ﬁ%'%@rfé’ Bk ey BSINGROMPRNGHS 22 8MEHeASer i pher al
portion thereof, but too |large sagging is not preferable, and the degree
of sli grssilggbalitils gtarelcanble tomake sagaing o9 kaggs, sopthet dhgdpwer or devi ce
fabrication a wafer of the order of -300 run to about -900 nm especially
of t he lgpddhersof isgoowt #0t@Mm. 600 rim wi th the above-nentioned indexes. The
waf er according to the exanple enbodi ments has the surface characteristic
A (rise) of Fsthen, nwben| @bsicatingt Aedeted avigh charexPosvrestsystedy,( #agy  of - 300
run or less. In brief, it is preferable that the surface characteristic A
(rise) preferable tpnfahridags sthendlavine dwifigcthe wafaet bavisgi ¢he gedgge i s - 300
run or less in a wafer wused in the device fabricating process with an
exposurchasgstesistic B fsag) tafe 300 mmner tasal evpdaally of AP0 el toat28Y bin t he
above-nenti oned i ndexes, nany sags are found in the peripheral portion
t her eofcalddatednisy thrcabovenmehtioned eedtiating| methiodrarichappdoates.par aneter A i s
negative (-200 rimor |ess) and the paraneter Bis -700 run or |ess. Wen
the sags areiehiost idipetiaint dor thevekadr, usdibinvaherzposuragystem fvakiave ri si ng
configuration and the above paraneter A beconmes 200 rimor nore.

no rise at the peripheral portion thereof, but too large sagging is not

preferable, and the degree of slight sagging is preferable. Thus, there is very
preferable for device fabrication a wafer of the order of -300 nm to about -900
nm, especially of the order of -500 nm to -600 nm with the above-mentioned
indexes.

The wafer according to the example embodiments has the surface
characteristic A (rise) of 150 nm or less and the surface characteristic B (sag)
of -300 nm or less.

In brief, it is preferable that the surface characteristic A (rise) is 150
nm or less and the surface characteristic B {sag) is -300 nm or less in a wafer
used in the device fabricating process with an exposure system.

Since the conventional wafer is not evaluated by the
above-mentioned indexes, many sags are found in the peripheral portion
thereof. For instance, in the conventional wafer the above parameter A is
negative (-200 nm or less) and the parameter B is -700 nm or less. When the
sags are eliminated from a wafer, the wafer is apt to have a rising

- configuration and the above parameter A becomes 200 nm or more.




19 August 2005 - 13 However, since it is difficult to §9%5§%¥265§
above-nentioned wafer quality by the usual polishing, Tn e exanpl e
enbodi ments the wafer peripheral portion is polished especially carefully
to manufacture the wafer having thqgparaneter ranges as described above.
There coul d be conceivably various nethods for neeting the above

requi rements: for instance, a first nethod in which a work is polished in a
state that a coating filmmade of material having a polishing rate slower
than that of Howeyst, isingeoitnisd dcwlh conertist dhe pilegvermeptongd wafeadj ust a
polishing rate thereon; a second nethod in which a work is polished in a
manner qURlity By theprusved peliing.oin hBlediesgmploorrbedimgrgp oty wafgat is t he
size of a work holding plate is inproved, or a work is chucked at its

per i pheperiplpal portidsy is polished tespesialy paaefullyi tohmanmiaeiuse dhe avadgort i on of
a work holding region and a soft peripheral portion thereof, and a third
met hod havingithé pardineter rangdsaaededcritedwirdvei s polished in a manner that a
back coating is formed on a back surface of a work and the work is held at
t he back coat i Tigreamaild rbet énrsceimetbip draripesimbdods fongeeatang dhe abbee
controlled by differentiating the thickness of the back coating between

t he perieghéesienmsar fordnseincehea fimt anetiod irhevhdentar whrk psrdalished heraof to
change the polishing pressure on the peripheral portion thereof. Further
t her e astateatznur tdntivey fikhg nadenbl ainteriai ladhe a Edlishing tee slbetotlead he
primary polishing is made | arger than that of the finished product and

sags i nthhbef pewbih iy irmiedrdn the arek qMpherhlesortyncivandjerst agpdlivdingf er  w th
decreasing the dianmeter thereof after the primary polishing; a fifth

met hod riaffe Wérebnaa Wabetid infetholiiineHichNa SitER i8 palighédah DindrAranang t he
polishing head the pressing force against the peripheral portion of a work
'S an improved means for holding a work is employed, that is the size of a work
holding plate is improved, or a work is chucked at its peripheral portion by a
work holding plate with a hard central portion of a work holding region and a
soft peripheral portion thereof, and a third method in which a front surface of
a work is polished in a manner that a back coating is formed on a back
surface of a work and the work is held at the back coating, and in this method
peripheral sags can also be controlled by differentiating the thickness of the
back coating between the peripheral portion of the wafer and the central
portion thereof to change the polishing pressure on the peripheral portion
thereof.
Further there are a fourth method in which a diameter of a wafer
before the primary polishing is made larger than that of the finished product
and sags in the peripheral portion are controlled by chamfering the wafer
with decreasing the diameter thereof after the primary polishing; a fifth

method in which a wafer is polished in such a way that by improving the

polishing head the pressing force against the peripheral portion of a work is




19 August 2005 -14 controlled independently fromthe Cﬁ@%ﬁ@ﬁt@@6§i°”
thereof; and a sixth nmethod conpletely different fromthe®above nethods in
whi ch a peripheral configuration of a work is controlled by plasma etching
t he peripheral portion thereof aftqy polishing. However, even if a wafer
is polished carefully under the manufacturing nmethods described above, it
is frequently necessarily inpossible to manufacture the wafer satisfying

t he above paraneters A and B with certainty. Accordingly, manufactured

waf er s eardrelad independenly fpm tha conjralgeartieasthgreds; ane g stifmmetiod t he waf er
sorting nethod according to the exanple enbodinents is for sorting a wafer
on whi ctrrapleiddes differentbiroant it ahave dnctigessune whichers neEPREMIt here i s
sorted the wafer having the surface characteristic A (rise) of 150 nmor

| ess evetnigugatitry of hevertkoisecandraliedriadplasusd etohing) the peophenal peviigre, a waf er
is evaluated and sorted in ternms of the parameter B. That is, the

i nvent i thereudfadier polishimg. met hod is for sorting a wafer on which devices are
fabricated with an exposure system wherein further there is sorted the
waf er havi ng tHewsuarf acecrchaff agt evafet i ts Bpokslg)d otareBiily nomder | €ss

eval uated by the above-nentioned eval uati ng nmethod. Thus, by sorting wafers
pol i shemannfddteringf enecthedsf atdtsaribed pboeessit is hérequeatly baicotdsarihed waf er s
nore suitable for the device fabricating process, and the fabrication

yi el d ciampdasitlbeo hanufgptave the Wwafadstitisfpimng thiengbiver ggranastets Asarah a waf er
surface naned nanotopography are becom ng a problem too. The sane

i nf or meB ivdth a&rthidey. above quality can be eval uated by using the surface
characteristic C

Accordingly, manufactured wafers are sorted before fabricating
devices with them. That is, the wafer sorting method according to the
example embodiments is for sorting a wafer on which devices are fabricated
with an exposure system, wherein there is sorted the wafer having the surface
characteristic A (rise} of 150 nm or less evaluated by the above-mentioned
evaluating method.

Likewise, a wafer is evaluated and sorted in terms of the parameter
B. That is, the inventive wafer sorting method is for sorting a wafer on which
devices are fabricated with an exposure system, wherein further there is
sorted the wafer having the surface characteristic B (sag} of -300 nm or less
evaluated by the above-mentioned evaluating method.

Thus, by sorting wafers polished in the wafer manufacturing process,
there can be obtained wafers more suitable for the device fabricating process,
and the fabrication yield can further be improved.

| In addition, fine irregularities on a wafer surface named
nanotopography are becoming a problem, too. The same information as the

. above quality can be evaluated by using the surface characteristic C




19 August 2005 -15 In addition, fine irregularities on;@a \rggﬁserz gyrface
named nanot opography are becom ng a problem too. The sa m?ormatlon as
the above quality can be eval uated gy using the surface characteristic C

“ (undul-ation) of the inventive eval aa ing nmethod too; the surface 5
characteristic C (undul ation) of 20 nmor less may lead to a wafer with an
excel l ent surface state.” The values for the surface characteristics are
eval uat ed usi ng data obt ai ned by settl ng a boundary (an arbitrary position
X) between the 1“?{4 ﬁ@reg on an e second region to afp03|t|on of 30 mm
away from the d; Pal %%fé’P Fed&ipenEHriage Ramad
configuration 10 |s based on the dat a obtai ned by excluding the area wth 1
mm i n RARACRAETABLY 1aTe hRcPpREaprglem; dep-ofl hetramairiormaiionuad the t he
chanfered portion). Brief Description of the Drawings: Fig. 1 is an

expl anabove qiielitys i rhe syabmtedchy| ysings thar serfdterenisiraciziistiel & | ons
‘between the reference line and the first region and the second region in

t he net(hnduiatmrﬁvadaﬁjathmglmremim evattiagimgat inethodic tos;di thg tautfhe present
invention; Fig. 2 is an explanatory view showing the first region and the
'secBnd chaegiteristie € Hentelitich)f of 26 vah watloagnmykher tcanf4fuReth o accor di ng-
to the 20 present invention; Fig. 3 is an explanatory view show ng an
exanpl exeéllent enef:dbTeRGE ONAthy aaleds FoF tBuakudhbo tHarabieidilhag f or
evaluating a wafer configuration according to the present invention; Fig.

4.is a%vﬁ&iﬁt@&ﬂis%g/dﬁtaﬁ%t%ﬁ'ﬂéuﬂﬁséﬁﬁg@%hﬁdﬂy @an £rbit4Ry PbSRfde Pnal region

for evaluation in the nethod for evaluating a wafer 19 August 2005
between the first region and the second region to a position of 30 mm away

from the peripheral edge of the wafer; measurement of a wafer configuration
10  is based on the data obtained by excluding the area with 1 mm in width along

the peripheral portion of the wafer (excluding the chamfered portion).

Brief Description of the Drawings:
Fig. 1 is an explanatory view showing schematically
| 15 - three-dimensional relations between the reference line and the first region
- and the second region in the method for evaluating a wafer configuration

according to the present irdvention;
Fig. 2 is an explanatory view showing i:]ie first region and the second
'region in the method for evaluating a wafer configuration according to the

20  present invention;
Fig. 3 is an explanatory view showing an example of a
one-dimensienal region for evaluation in the method for evaluating a wafer
' .conﬁguration according to the present invention;

Fig. 4 is an explanatory view showing an example of a

25 two-dimensional region for evaluation in the method for evaluating a wafer




-16 configuration according to the present invention; gy t'Pgogm'
expl anatory view show ng anot her exanple of a  two-dinensional region for
evaluation in the nethod for evaluating a wafer configuration according to
the present invention; 5 Fig. 6 is  &schematic side view showi ng an
essential structure of a first enbodinent of an apparatus for evaluating a
“wafer configuration according to the present invention; Fig. 7 1is a
schematic side view showi ng an essential structure a second enbodi nent of
an apparatus for evaluating a wafer configuration 10 according to the

pr esenconfgeratianacdirdingta theapfdsent tireantticationi ng an exanpl e of a process
sequence in a device fabricating nethod according to the present -

i nvention; anBigi §. i9 drs expijaapiorg heigw gslwiagabnathen exasyplle of at he
surface characteristic A in various manufacturing processes in Inventive
Exanpl ewd:-dikerBestialMediorf for &ailuyiing iuthet ethdl it dwitnatinpedivaget s of a

nmet hod for evaluating a wafer configuration according to the present

i nvent ok tsh aeRR B thesrdseht eddntidily out the nmethod are descri bed
in detail below with reference to the acconpanying 20 drawings. Fig. 2

shoys schemat foald ys 2 eRBIHY &lb AR sibWiakein WsdRDA! @b-hdture dFRET | pher al

edge portion of the wafer Wis chanfered to prevent cracking or the liKke,

anor o a0 oL PpRRANR for M Abdting  SuERETO SIS B0 O o

ignored in evaluating a I guration,

measur gggo'}tdingl?o ﬁ%'egHPetse%g PRvention;

Fig. 7 is a schematic side view showing an essential structure ﬁ
second embodiment of an apparatus for evéduating a wafer conﬁ.gurai;ion
10 according to the present invention;
Fig. 8 is a flow chazt;t showing an example of a process sequence in é
device fabricating method according to the present invention; and
Fig. 9 is a graph showing an evaluation result of the surface

- characteristic A in various manufacturing processes in Inventive Example 1.

15
Best Mode for Carrying Out the Invention:

Embodiments of a method for evaluating a w'afei' configuration
according to the present invention and an apparatus used for carrying out the
method are described in detail below with referencé to the accompanying

20 drawings.

Fig. 2 shows schematically a configuration of a wafer W. Generally,
a peripheral edge portion of the wafer W is chamfered to prevent cracking or
the like, a chamfered portion Wm being formed. Usually, this chamfered
portion Wm is ignored in evaluating a wafer configuration, and out of an

- 25  object of measurement.




-17 Evaluating a wafer configuration is often perforned;qn,a.hg84 on of a
mai n surface Wh of the wafer Wwhich is fornmed by excl udi né'?san area with
the width of about 3 mmor about 2 _gm_ fromthe chanfered portion Wnof the
wafer W However, recently it is required to evaluate the region which is 5
formed by excluding an area with the wdth of 1Immfromthe chanfered
portion or the region to the very limt of the boundary between the main
surface and the chanfered portion. Considering neasuring precision and the

li-ke, in the p : Lt | .er. | uat e t he reqgion forned
by * excl udi ng gﬁﬁgﬁgé\tﬁa%%fe? ﬁghﬁﬁg%‘%’fuﬁ ?ﬁlﬁ%#?’gr# ?Wgac%%?§$ga%;§%rt I on Whn
10 Fig. . l.s tteal Ly sho I-spl.acement i n,thickness of a surface of a
waf er \ﬁ&]ﬁ &n%? pﬁ‘fﬁtéh%f“"a\ﬁﬁ%méiﬁ lgg?r ?}gPﬁft’ﬁCﬁ’dﬁHg\ﬁ&f @rea Wil i gurati on
accor di t.g,{h resent inventi is to quantify rise or _sag_ whjich is
casi | y the Toleh 5 BREES a2 hon® i e o ARG WeO!
peri pheral portion of the wafer (10 mmfromthe chanfered portion Wi. 15
In t he%ﬁ%t“f?@ar Wyr ﬁé\?‘é‘?"lﬁ’ét lr%?@nglmgfsem%%ﬁd Wuealnate decsgnhybich he
present, i nvention, as shown in Fig. 1, a reference Iine 10a or a reference
pl ave fomned by exdrdmavannarea Wit ithaswidshr efgilwwn (fromi the chawifered W f or
calculating the reference |ine 10a or the reference plane 10b in a wafer
sur f ac ®oFfigmnorhihessegion dontheyverst lisnitoff theebowmidaryvpetvmen Siemenice | i ne 10a
or- 20. the reference plane 10b is extrapolated to a region (a second region)
W2 to Buriagg anddbedhamiehed pertigheCahsideringoneafurie pyedision sawddthes used
thereon for analyzing the surface characteristics of the second region W2,
or is lkedinkhetpresént stateeiyiisrprdferhbie tmakyhiatg theeregiod daemed by
characteristics of the regions WV2. or W. 25 Differences between the
r ef er enzdullimeain Gaeawithehe efidtle nf nph drem 18e AugusbraDPdrtion Wm.
10 Fig. 1 schematiéally shows displacement in thickness of a surface of
- a wafer W. A main purpose of the method for evaluating a wafer
configuration according to the present invention is to quantify rise or sag
which is easily generated on an area with the width of about 10 mm of the
peripheral portion of the wafer (10 mm from the chamfered portion Wm). _
15 In the method for evaluating a wafer co_nﬁguratibn according to the
present invention, as shown in Fig. 1, a.reference line 10a or a reference .
plane 10b is prepared within an extensive region (a first region) W1 for
calculating the reference line 10a or the reference plane 10b in a wafer
surface from the basic conﬁguratibn of the wafer W; the reference line 10a or
20  the reference plane 10b is extrapolated to a region (a second region) W2 to be -
evaluated on the peripheral portidn of the wafer, and is used the_réon for
. analyzing the surface character_istics of the second region W2, or is used in
the first region W1 for analyzing the surface characteristics of the regions W2
or W1.

25 Differences between the reference line 10a or the reference plane




-18 10b and an actual configuration of the wafer are n@g’gtﬁggg,zoggld t he
measured maxi num value is evaluated as rise A the neasured m ninum val ue
is evaluated as sag B, and dispersigg C of roughness in the first region
WL is evaluated as undulation. It 18°fo be noted that, in Fig. 1,
designated by 5 W is a central portion of a wafer, W is an edge portion
of the wafer, and Xis a boundary between the first region WL and the
second region W2, which is provided at an arbitrary position. In the

met hod for eval uating.a wafer configquration_ by preparing reference line,
a conf i@grﬂpﬂoﬁ%ﬁcﬁl%f: g@%ﬁe@%m’ﬁ% ?F%n@e\ﬁtﬁF’FP‘ﬁ al}@ €scri bed

space on a surface of the wafer; the neasured wafer configuration are
succesdneasured masignum ¥ahts HuewrlusiedrsmiselofthermepsuredcBARBIMOr t | on W
of the wafer Wto the edge portion W thereof as shown in Fig. 3 is read
from whtusisredusmd igsaab, and dspersiirsCadlroukhness i tlef Sratmegidn ne up to
a boundary X of the first region W. provided at- an arbitrary position away
from t W1 iSeccalntated apanidudati¢n.n It dohedicied dhatdni Hig. df dedignaimfldry) ; and
then a difference between a configuration at an arbitrary position (in the

di rgct iWeind céiigalpdtion b elafes Ve dnan adyalpuetion of biee weffer, andX is ne 10a at
. this position is analyzed to be calculated as the surface characteristics.

The r efaepantdhrlyi ltwdey the Rl roxioRtWataiy the SbédidPégibhW20Wwhich 20 curved
line nmost well reflecting a configuration of the central portion of the

wafer W.obidedusual bdhitheyGRRitiégd. portion of  the wafer Wis polished to a

hi gh llatness. level, so that the reference line is fully approxinated by
e e g Ol iR el veer (he
arbit r%férgﬁgé ﬁl'ﬂ%,n algoﬁ%ttio%ogis a wafer is measured at positions with a
10 prescribed space on a surface of the wafer; the measured wafer conﬁgqration
are successivély 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 read 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
15 central portion (in the radial direction of the wafer); and then a difference
between a configuration at an arbitrary position (in the direction of the wafer
- " thickness) and a value of the reference line 10a’_at this position is analyzed to
be calculated as the surface characteristics.
The reference line may be approximated by a straight line or a
20  curved line most well reflecting a configuration of the central portion of the
wafer W, but usually the central portion of the wafer W is polished to a high -
flatness level, so that the reference line is fully approximated by the straight |
line.
Here, an arbitrary position X of a borundary between the first region

25, W1 and the second region W2 is preferably provided at an arbitrary position

o




-19 in the radial direction of the wafer Wand in an ak i ensi ve as
possi ble) of the wafer Wwhere no peripheral. sag nor rllggxél%la%zgg%erat ed.
For instance, wusually sags and the_Like occur in the area outside of about
10 mm away from the peripheral edgé of the wafer, so that the arbitrary
posi tion (boundary) X 5 should preferably be provided at a position of
about 30 mMm away fromthe peripheral edge of the wafer. It is preferable
to prepare a reference line or a reference plane at a position of 70 mm

away fromthe.central. portjon qf e wafer in the case of an 8 ipnch wafer
(200 mifithe aﬁ%\wg[ﬁ&%@@ﬁ@f&b@ &63%%%?8{4 1pan areg (W%WW%W@W%Em ral
portion iﬂ the, case of a 12 inch wafer (300 mm 10 in di arr.et_er%. However ,
this p&it ?aﬁ‘ﬁfﬁﬁ&ﬁ yehenedae perinhaytisag von Hends generpsed dloginstanceand ot hers
so that the wafer quality can be evaluated nost accurately. ILn the nethod
of cal asmallysgesisadsihedikd eccoyinsbe arhaputtide pEabest Thmire aveasafront ed by
preparing a reference line, a configuration profile of a wafer W 15 of

fr om t tibe peniptmirabedge ofithaewafen, lse thdgéhearbitrary\Wosidon ébalyndanygffer ence
line of fromthe central portion We to an arbitrary position X is

cal 8ul ahedld pheferablyee previded|atze poaititnf dabnoe3d ehmeaway ol tlgur ati on at
‘an arbitrary position in the range of fromthe arbitrary position X to the

- edge poetipheriedgaof & waltdry MuapreRdaiBltd@irepatt A reffreheNtaeldrne (2
reference value) at this 20 position [a configuration at an arbitrary

posi ti Q@fe&@ﬂc@?l&tﬁa‘ Ay a RARNGE I TOAhHE hwaydré @l @lecRGRral Hrtfn sty bitrary
position (a reference value)]; and the imaxinum value anong the anal yzed

val ues wifehal e A% G0 8 it HRRL00 bR AGEIRAD MPURL Rhiddieofraxi mum

thi ckness di fferen(_:e) I's calculated as “surface characteristic A -
) 2818 ST ARG B 6, Byt o« 1117
10  in diameter). However, this position may be f_re'ely changed according to the
wafer size and others so that the wafer quality can be evaluated Iﬁost
accurately.
In the method of calcuiating the specific surface characferistics to be
evaluated by preparing a reference line, a configuration profile of a wafer W
15  of from the central portion We to the edge portion We is read; a reference line
of from the central portion We to an arbitrary position X is calculated; then
there is analyzed a difference between a configuration at an arbitrary
position in the range of from the arbitrary position X to the edge portion We
(an actually measured value) and a reference line (a reference value) at this
20 position [a configuration at an arbitrary position (an actually measured
value) — a reference line at an arbitrary position (a reference value)); and the
. maximum value amoﬁg the analyzed values (usually the positive maximum
displacement amount or the maximum thickness difference) is calculated as

the 'surface characteristic A (rise). This surface characteristic A

25  quantitatively indicates a rising configuration on the peripheral portion of




Al so, a configuration profile of fromthe central port he wafer
Wto the edge portion W is read; a reference |line of P?%u E‘ﬁgb?::gentral
portion to an arbitrary position X is calculated; then there is analyzed a
5 difference between a configuratiopgat an arbitrary position in the range
of fromthe arbitrary position X to the edge portion W (an actually
neasured value) and a reference line (a reference value) at this position
[a configuration at an arbitrary position (an actually neasured value) - a
reference line at an arbitrary position (a reference value)]; and the
m ni nuhy & dfer.anong the 10 . anal yzed val ues (usually the negative maxi num
value) is calculated as the surface characteristic B (sag). This surface
characteristig]dg, %Uéfﬁﬁﬁ%@%a{ti/(ﬁi YrofilBCALAS tRe SRAMANHOFABHI W Gt {ign on the
peri pheral portion of the wafer. Further, a configuration profile of from
the ce Wo) f t | O | udi ng
t he chg%?%#gggégbg?gﬁed%#¢%£FW¢ﬁ¥%H%ggyéégﬁgggfgg%%(ﬁﬂ%%&5gm¥$gﬁ?%ﬁe central
portio WA bt [ . ol ' ence
bet weekotlen . dsbifthty BtBd0RR B Sttt el gl s kT 705 om
arbitrar

t he.central. portion to the osit.kon X (an actyally neasured
val Do) dtictepPeibetiien o cPRAEHGT of on B Stondn i ned &
calcul ated as t surface. chagracteristic C. (updu}ation Thi s surface 20
Char ac 5 417 arPltagbh pPETiom, 81 § hidie Surtiar Wb el cmeRoRiad [ on and a
flatness. | gvel, of the central portion of .the wafer.. en the whol e. wafer ‘
i s evawa!ﬂeﬁ gogyn FRISFRNGEIRG (2 redorenge Nalmie) g Ghus %ﬂﬁaﬁlg}%/\f% CopigAHNY a
plurality of radial neasuying positions as indicated by the dotted line in
Fig. 3at@sbisasy pesitisnofan adually mensurnd vadne)ap rplrenemlivg admn o ¢ he
edge portion We (excluding the chanfered portion Wr) are read from 19
August azbitEryonositienglayreferancectalgedi andniecominimeuwaratuesamoagetheand an
average of the read
10 . analyzed values (usually the negative maximum Value)A 1s calculated as the
- surface characteristic B (sag)._ This surface characteristic B quantitatively
indicates a sagging configuration on the peripheral portion of the wafer. .
Further, a configuration profile of from the central portion Wc of the
wafer W to the edge portion We (excluding the chamfered portion Wm) is
15  read; a reference line of from the central portion to the arbitrary position X is
calculated, then a difference between the reference line (a reference value)
and a configuration from the central portion to the arbitrary position X (an
actually measured value) is obtained; and the dispersion of the obtained
values is calculated as the surface characteristic C (undulation). This surface
20 characteristic C quantitatively indicates an undulating configuration and a
. flatness level of the central portion of the wafer.
When the whole wafer is evaluated by means of the one-dimensional
analysis, providing a plurality of radial measuring positions as indicated by

the dotted line in Fig. 3, configuration profiles of from the central portion We¢

256  to the edge portion We (Qxcluding_fhe chamfered portion Wm) are read from




val ues may be used for analysis of the surface char actie%;hﬁ&&sggoé n ot her
words, a plurality of configuration profiles on the water s_ur?ace may be
read to previously obtain an averaf val ue of the configuration profiles
(an average 5 configuration profi I'eg, "and the surface characteristics my
- be analyzed from the average configuration profile. The surface

" characteristics are analyzed on the basis of the configuration profile of
fromthe central portion W to the edge portion W and then the average
val ue thereof may be qhtained, too., Wth the above eval uating nethod, it

i s pos‘sfﬁw urafity] ofposttians ore e Talor sur el Ak Average eheckifsbnent s of
a-wafer. Wien a_confiquration profile of a_ wafer is analyzed radially

al ong ¥BbHigs may bejused TpnaBalysis dddesarfjraabpraetesisticss éwglaeﬁrowoniﬁ,t he whol e
surface of the wafer can be eval uated nore accurately. In the nethod for
eval uagi phyraliffofrcondigrirgtiont prodiley opr tyavafgr ssurfacer ofagr baceag! tine 10b,
the whol e surface of the wafer Was shown in Fig. 4 is divided into, for

i nst anpeevibusly oldgirons; averagachled of the dinfigiachticegprofides (@i everage pl anes
are prepared on extensive first regions Wa, Wb, Wc, and Wd (with any
f orfin i oehfigiurgion prpfdel :01d theseatfacd charsctersticaim:pobe iamalypfedtftem waf er ;
differences in terns of the configuration between the reference planes 20

and ar bhé aabyady e (:eeenprafilel (Tse Yaifacy Bhardferistios a¥GralyRa
eval uated with any formincluding a square or a whol e peripheral portion)

- are angh\aghasts SetHeAlonfdiatioaSrblife SLAHALEhE B RET ﬁéft?dﬂ W tofie: 4 shows

various exanples (four patterns) of how to provide the regions. In addition

to th@dg@%&i@ﬁmlﬁl@%héﬁ%héwexﬂgé/kzqﬁfb v;ﬁ&iﬁa‘@ aft bfeiébE}é.ﬁe?éi}B& W and a

second 25 region W2 are provided 1na strip-shaped area on the

S 2o M A EHO e T BSTDUAFlE we R

10  noises such as taper components of a wafer, When a configuration profile of a

wafer is aﬁalyzed radially along about 400 lines (about 1 degree apart), the

information on the whole surface of the wafer can be evaluated more
accurately.

In the method for evaluating a wafer configuration by preparing a

15 | reference plane 10b, the whole surface of the wafer W as shown in Fig. 4 1s

divided into, for instance, four regions; in each of the divided regions

reference planes are prepared on extensive first regions Wla, Wi1b, Wlc, and

W1d (with any form including a square or a sector) in a central portion of the

wafer; differences in terms of the configuration between the reference planes

920 and arbitrary planes (second fegions W2a, W2b, W2c, and W2d to be

evaluated with any form including a square or a whole peripheral portion)

are analyzed to be calculated as the surface characteristics. Fig.- 4 shows

various examples (four patterns) of how to provide the regions. In addition to

the above example of the four divided regions, a first region W1 and a second

26 region W2 are provided in a strip-shaped area divided on the surface of the




bet ween them nmay be anal yzed to eval uate the surface cpﬁhﬁg&fﬁbégics of the
wafer. Al so when evaluation is perfornmed by preparing e reterence pl ane

5 10b as in analysis using the refg&gqce line 10a, data for the extensive
first region of fromthe central poffion W of the wafer Wto the edge
portion W thereof is read; a reference plane of fromthe central portion
to an arbitrary area is calculated; then there is analyzed a difference
bet ween a second region to be evaluated on the peripheral portion of the

wafer Wand the 10 reference plane,10b (a configuragion at_an arbitrary
posi ti &ﬁaafgré‘% é?%’r’%%eﬁgpgaﬁgg €t He CAPBFSS BY V*rﬁb%f){ Eh ponBguratien raxi mum
val ue anong the anal yzed values (usually the positive maxi num di spl acenment
amount ketweps thar man be analyred to gvaiuatethe surace gsharacierigtigs of khe sur f ace
characteristic A (rise). Likew se the m ninmmvalue (usually the negative
maxi murwadakue) in the 15 second region is calculated as the surface
characteristic B (sag). Further the dispersion of the roughness in the
~extensive fir gilse ediearevialuthien epdnfaimpd by ppeparingtthe redérencé pdant he
reference plane is calculated as the surface characteristic C

(ungul aobosy in Bhalpsiessind ekl refasemantine Epgcktarfor ke wataisisefiace shoul d
be 20 preferably within 1 mm The space is naturally nore than 0O mm but

eval uatrepibn 6f REH FHdBShtvh igb_x&m PREGELHREWA S rSWetd fHe ed@?eﬁﬁ@wm e
configuration can be quantified. By making use of the surface

char actigeiedfii SeadVakbRté it PhnbafretomCRY st Al R Rictaed B8 di‘ﬁitfrﬁ.{'ﬁ‘ad nor e
accurately than the conventional 25 evaluation,” so that the yield in t‘he

USRS 1 CHERART AP Ui o2 Bt onol

region to be evaluated on the peripheral portion of the wafer W and the

10  reference plane 10b (a configuration at én arbitrary posiﬁon —a referen;:e

| plane at the arbitrary position); and the méximum value among the analyzed

values (usually the positive maximum displag:ement amount or the maximum

thickness difference) is calculated as the surface characteristic A (rise).

Likewise the minimum value (usually_the negativé maximum value) in the

15 second region is calculated as the surface characteristic B (sag). Further the

dispersion of the roughness in the extensive first region in the central portion

of the wafer from the reference plane is calculated as the surface

characteristic C (undulation).

The prescribed measurement space on the wafer sﬁrface should be

| 20 preferably within 1 mm. The space is naturally more than 0 mm, but

‘evaluation is performed with the space being smaller, more accurate
cdnﬁguration can be quantified. |

By making use of the surface characteristics, evaluation of wafer

configuration can be performed more accurately than the conventional

25 evaluation, so that the yield in the subsequent processes can be improved.




described below. Fig. 6 is a schematic explanatory vie ] n
essential structure of the first enbodi nent of the ap%%%gg%géag%f

eval uating wafer configuration according to the present invention. An
apparatus 20.for 5 evaluating a waf®t configurati on shown in Fig. 6 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 spl acenent
measuring unit 26 having a displacenment gauge 24 equi pped with a | aser
oscillator or_an automatic focusing nechanism a _conputer 28, etc., and
optical I'y neaNereansevdlngting apparaduy forparéaningnihendbgyecanalysisyiscal i br at ed
~reference point as the displacenent. [In the enbodi nent shown in Fig. 6,

t he di dpscardmehrlowedSgr 6 agyasahemasic explandtoris viesv shewhig guessanéialneasuring
unit. The test stand 22 is a stand used for placing thereon a silicon wafer
W as astroiejwet of dhbdirstasmbedimdintk oflithp| Bgearehts dau garaldatisg amafppar at us

15 for irradiating a | aser beamw th a prescri bed space onto a surface of a
si | i coponfag@ratiboplaacading tohehé gniessitibvéttiorandAhoappasdtamc2) forHeNe | aser
or the like is used as the | aser beam The displacenent gauge 24 is

equi ppedaMistihg arwalt eBfictraen ShagTae Mgl 6 1 ((R0hp SR  usdddfolhi S
automatic focusing nechanismis provided with, for 1nstance, a CCD (Charge

Coupl eghdRvir&Rbn? Qnﬁadif‘agﬁsié PtdiSIaWshen @B A WLOMRE IoF f WERS WY wehicRUi t (not
shown), and others, and can automatically focus on an inage reflected from

e 5] LR yabnl 150 ABMICH L ST IAANY poor
o Bl o5t g ) s 00 BBl 010 22
comput ﬁ)rcugﬁléﬁiegﬂé'ﬁl%gf% C\Mrﬁf)]uf%rg:SL,J e\(lcqeem({ &!ttlgg]%? El%ilsﬂgesugﬂﬁt)s in the
10 distance from the previously caﬁbrated reference point as the displacement.
In the embodiment shown in Fig. 6, the displacement measuring unit 2%
functions as a configuration measuring unit.
The test stand 22 is a stand used for placing thereon a silicon wafer
W asan object to be measured. The displacement gauge 24 is an apparatus 7
15 | 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 displacemént gauge 24 is equipped with
an automatic focusing mechanism (not shown), and this automatic focusing
mechanism is provided with, for instance, a CCD (Charge Coupled Device)
20 camera (not shown), an automatic focusing circuit (not shown), and others,
and can automatically focus on an image reflected from the silico;l wafer of
the laser beam which is emitted from the laser osCﬂlafor.
The displacement gauge 24 measures the displacement from a

reference point when focused by the automatic focusing mechanism, and

25  inputs the displacement data into the computer 28.




an RAM (Random Access Menory), an ROM (Read Only I\/ErmrygAu%;s@QOd}ne
conputer. 28 into which the displacenent data output fromthe di spl acenent
gauge 24 are input, reads the analgis program stored in the ROM using the
5 RAM as a work area, and cal cul ate$*fhe surface characteristics A B, and
~Cof the wafer quality according to the present invention fromthe input
di spl acenent data with the CPU. The surface characteristics are paraneters
especially used for evaluation of a peripheral portion of the wafer. In

ot her words, e conputer 28 conprises. a s e nmeans for, successi vely
i nputting anoffg{v3 GPIRYLEHAR L3 AAWIARSH Wb @E’ffa@g&r@ﬁﬂrwswgﬁn&gmm
measuring unit (the configuration neasuri unit) 26, and _a -surface

char aclﬁ@rlRéM §Raaflen Aedesy Mempry)o any ROM fBead Odpi¥emeral.icse dhea of from
the central portion of the wafer Wto the edge portion thereof fromthe _
st or ageouigwiter28 ¢atocwhath thy displfcememtelath ionépwtr frany Hiedepdaceptente from t he
15 central portion of the wafer to an arbitrary portion, then analyzing a

di f f er gauge Bdtaveanpuherends ¢he nmalydineragranh stored én ¢he RQMhnsingnthean
arbitrary position, and cal culating the analyzed difference as the surface
chaj ac BAMSdd £ sworkiagea, andcalcabitestlid sudxed adiahetaristie sBoshd @ @h

essential 20 structure of a second enbodi nent of the apparatus for

. eval uathegwasdeiRialitg 0BEddauiRt itN tRECHFeleRl frvehBi®nP RGANIthE NUAAL on. In

anot her enbodi ment for the apparatus for evaluating a wafer configuration,

a thi ClHNgRS RNt BABWHETMUL iR édﬁ&&%rﬁ&%ﬁé:ﬁc@%rlé Eﬂ'a&a#!étﬁﬁxg on an

el ectrostatic capacitance systemin place of displacenent o waf er

e e S .
- unit 34 equi pﬂ?%ﬂ%} chﬁ‘dg,hltﬁgr}:%ﬁfplg%y% %8mprise’s a stofage means for
10 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 the configuration data of
from the central portion of the wafer W to the edge portion thereof from the
storage device, calculating a reference line or a reference plane from the
156  central portion of the wafer to an arbitrary portion, then analyzing a
difference between the reference line or the reference plane and an arbitrary -
poéition, and calculating the analyzed difference as the -surface
characteristics.
Fig. 7 i1s a schematic explanatorylview | showing an essential
20  structure of a second embodiment of the apparatus for evaluating a ﬁafer .
configuration according to the present invention. In another embodiment for.
the apparatus for evaluating a wafer configuration, a thickness may be
measured with a flatness measuring unit based on an electrostatic
capécitance system in place of displacement of the wafer surface. The .

25 flatness measuring unit based on the electrostatic capacitance system is used




corrprl sing el ectrostatic capacitance type of upper and;$ QyBlst %gﬁors 32a,
32b arranged such that the wafer Wis held between them a own in Fig.

7, and neasures the thickness of the wafer Wby neasuring the distances
between 5 the sensors 32a, 32b and 4pper and | ower surfaces of the wafer ‘W
respectively. As the flatness nmeasuring unit based on the electrostatic
capaci tance system a commercial non-contact type of wafer thickness,

fl at ness and BOW WARP neasuring unit such as Utra Gauge 9900 produced by
ADE Cor p. y.be used. 10 The apparatus 30 for. _evaluating a wafer

confi g@fat tairkersnaneasuregent 7urid g equipned anidh anBngkpessj g4ud% 32r hol di ng
a wafer W the above -nentioned thickness neasuring unit 34, and a

conput épmpgising electrogtatic eanacitange typmof wppsmimdknvarfsensers@danB2W | n t he
enbodi ment shown in Fig. 7, the thickness neasuring unit 34 functions as a
conf i garearged svehdivait e wweifer Wik Wlddetwayn them aof shoral imFign§, apdar at us may
. be used without any specific limtation, provided that it can finely and
accur ansdasvevsthmtleickaosd ofjtheaivatrsW by negitaing tles Jisthnédachatmicen W The
surface characteristics A, B and C are evaluated on the basis of the

di spl ackeres¥nsors tRgkBRESanBatpp&d A deferi befasdtovE. thapagaferCRH |y, the
20 reference line or reference plane is a line or a plane cal cul ated by

means @ésgelgivaBi hotls thhel fathessIHRABEriWS O8itdBhied Un The OLBbSa@R a region
where a reference is to be prepared. Therefore, it is preferable that the

finer bagRiBimee! BfsrHACE WololllANndalentid thdDrogaRethicigelfically. a

proper range for “the space shou be 1 mm or e con FI dguration -

eval Uapy?ﬁeéés' q HESwW %R‘Pe n%?srlﬁ'ﬁigerﬁxﬁtt' %ﬁfﬁ‘ 8 ﬂi?trﬁ‘u@%ﬁﬁrgez%%o 26 and C

act ual cal cul ated by the apparatus’for eva |ng
" produced by ADE Corp. may be used.

10 The apparatus 30 for evaluating a wafer configuration shdwn in Fig.
7 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
measuring a- thickness of the wafer W. In the embodiment shown in Fig. 7,
the thickness measuring unit 34 functions as a configuration measuring unit.

15 | 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.
The surface characteristics A, B and C are evaluated on the basis of
the displacement or thickness measured as described above. Specifically, the
20 reference line or reference plane is a line or a plane calculated by means of
the method of least squares using data for all points on a region where a
reference is to be prepared. Therefore, it is preferable that the finer becomes
_the space with which data are to be sampled. Specifically, a proper range for

- the space should be 1 mm or less.

25 The configuration evaluation using the surface characteristics A, B




configuration according to the present invention is de§§hiug§5q Bgtow. Fig. 1
Is a view show ng values for the surface characteristics A % and C of
given wafer, and a configuration pggf—i le on a cross section thereof. An
.analysis program of the surface ch&Pacteristics calculating neans ts _
software in which an equation for calculating the surface characteristics
A Band Cis programed. In the analysis program as for the surface
characteristic A thickness data of a mrror polished silicon wafer are

read with ap arbitrar 0 s e (about 1 n the silicon wafer fromthe
~central? r@i @ﬁt‘!q{iﬁ C‘g]%%fgﬁ‘fh eed%%pﬁif@ﬁn{‘% oi‘c‘i’;r Exanating &, Haer | i ne (or
a reference plane) is _prepared using the thickness data in_an extensive
first resgisHrationpserydang thehe pEagenl Inyenidenis defgmbed belows dnant és

(actual ly neasured values - reference_ values) between the reference |ine
(r ef er enveew ahowig aathes fovrthe gurfaceorharBcteastical AyB reauk Or efta averes) in a
second region to be evaluated are cal culated, and the maxi num value within
t he ar emafes, andly reufigusatian prbfleson faaceossheachionetliestof. BAn ahaljeaess dat a
of a mrror polished silicon wafer are read with an arbitrary space (about

1 m3) aqiroghem ofithe sarfavatkardcterstibecadenlatalg menhs ansdfbeneoin whiwelr d t he
‘edge portion; then a 20 reference line (or a reference plane) is prepared

usi ng td4ie ddiistioredsr dal@ilhtingathexdafistey @hbiri@eristigs oA, ¥ aB8&NE & the

nmet hod of | east squares; differences (actually nmeasured values - reference
val ues)pgtameted he reference line (reference values) and a configuration
(actually "neasured values) in a second region to be evaluated are

Calculaed, sad vhe SavBUT om0 Sorbstratelpagoy 9 Ml
' thickness data of a mirror polished silicon wafer are read with an arbitrary
10 sﬁace (about 1 mm) on the silicon wafer from the central portion thereof
toward the edge portion; then a reference line (or a refereﬁce plane) is
prepared using the thickness data in an extensive first region by means of the
method of least squares; differences (actually measured values — reference
values). between the reference line (reference values) and a configuration
15 (actually measured values) in a second region to be evaluated are calculated,
and the maximum value within the area is analyzed.
As for the surface characferi'stic- 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
20 reference line (or a reference plane) is prepared usiﬁg the thickness data in -
an extensive first region by means of the method of least squares; differences
. (actually measured values — reference values) between the reference line
(reference values) and a configuration (actually measured values) in a second

region to be evaluated are calculated, and the minimum value within the

25 area is analyzed.




polished silicon wafer are read with an arbitrary. SpaWAg\@:?sﬁ%OSl mm on
the silicon wafer fromthe central portion thereof: towar e edge

~portion; then a reference line (or_a reference plane) is prepared using
the thickness data in 5 an extensi¥ Tirst region by neans of the nmethod of
| east squares; a standard deviation of differences (actually neasured

val ues - reference values) between the reference |ine (reference val ues)
and a configuration (actually measured values) in the first region to be
eval uated is analyzed. In the _ apparatus for evaluating a wafer
conf|guratlonA%cfQBrﬂ!enguﬁéce l@atrﬁét%ﬁé@eﬁ}( ihackass ohatls ofed cRien above,

di spl acement data neasured using a laser beam or thickness data nmeasured
usi ng petishescsilisonarafer capaead antle ant yuhitraty spacktabout Jamge) e dbeead into a
conputer, and the surface characteristics A, B and C are cal cul ated by
anal yz$iiigon veafer fcbral dha centrhl puﬁiorcthqmbéimwalﬁ ths edgsqrortied; ivava, :
according to the present invention, a surface configuration of a wafer,
especi edfeyermedéneé dres akfependd plunehés pedpared wng ehakthnkedsadaw abhel y on the
basis of a specific standard froma different viewpoint fromthe

COrB/ engnh eRedndies fiRbitepsors bg in@m s TiRe rhethddifllé At squbres Paasdake to
eval uate nore effective information as conpared to the 20 conventi onal

eval uadéantibar of NGifRbREesC Wldthd 5 akndiburdd Ov{1886 €t hfeydrild v'alhésb'e
subsequent processes such as the device fabricating process can

| Pr OVEEhwddp ﬂ?é’?éferéﬁh"e ﬁﬂé feeEr&iRr fales) éﬁagﬂs rgﬁf%h%tio&@ { as

paraneters for anal YSI S vari ous experi nent en eval uat i ng

a confin@%afé@{?agesg‘%%a%{még{ o BY o FANRLH Reddifized®> aboye surface

characteristics er conventi o ypes of 19 August 2005

28" oval uat | o, Bl Al S B Bl 15980 o S i Bl 990 U ace

10 the present invention as described above, displacement data measured using
a laser beam or thickness data measured using an electrostatic capacitance
type of thickness gauge are read into a computer, and the surface
characteristics A, B and C are calculated by analyzing the read data with the
c_om]_puter. |

15 As described above, according to the present invention, a surface
configuration of a wafer, especially a peripheral portion thereof can be
evaluated accurately on the basis of a specific standard from a different
viewpoint from the conventional techniques such as SFQR. In addition, it is
possible to evaluate more effective information as compared to the

20 = conventional evaluation for the wafer configuration, and hence the yield in

. the subsequent processes such as the device fabficating ﬁrocess can l_)e.
improved. Moreover, the surface characteristics can be fully used -as
parameters for analysis of various experimental data, too.

When evaluating a conﬁguration of a silicon wafer, by combining the

25 . above surface characteristics A, B and C with other conventional types of




roughness, a .configuration of a silicon wafer can be gyalygledosore
conpletely. The device fabricating nethod according to the present
invention is 5 described in detail E#)_el oww th reference to Fig. 8 of the
acconpanying drawings. Fig. 8 is a2 | ow chart show ng an exanple of a .
_process sequence in a device fabricating nmethod according to the present
i nvention. As shown in this figure, roughly speaking, the device . '
fabricating nethod according to the present invention conprises a single
crystal produci ng. process 100, fer 10 facturj. rpcess 102, a
el or SuRRiPAeBeteE ei i be aiBert ot SR eR it BT AL SEFE T The
devi ce fagri cating process. 106_.for @ sem cgnductor, integrated circuit, a
seni co nsss b stardtedration 86 & R oW iR ihec ey HeAnmaiAt r eat ed
sem conduct or_substrate and a processed or treated substrate in 15 the
cour secemipletsbni conduct or process) is selectively subjected to various
types of treatnent such as etching, ion inplantation or others. Here, to
sel ectivel y pFhe device fabticatingwaéthodorccohdingi thedthapraséatsimvieayion ist o be
treated, a coating filmof a so-called photosensitive resist (referred to
as 5 a deszilsd' ihedetianhbelwy wHberefbrenceotpdiist iSonf hei acrosmremiztingi ty to
radi ant 20 rays such as ultraviolet rays, X rays, or an electron beamis

f or meddeswiys. Bigb8tis atfiow ahertasHoevinklai expahp Ry o angrdces< seqiegicednby
perform ng exposure (herein this termbroadly neans to expose the resist

fi | m natdesideyfabicktizighihethdd tordinls tal the pressdglirnRhtioay ASsedwasin
ultraviolet rays or an electron beam) to the radiant rays. That is, a

rﬁsi st ﬂﬁ@tﬁgiﬁ@h't&lélﬂﬁr@@aﬂihgé, tBe ﬂ@ﬂic@%ﬂﬁ_ﬁ&ﬁh% rR&thvdlRchAlifgthaggh a
phot ol i t hogr aphy process. 19 August 2005 -29 The resist pattern formation
met hod, A0 ht GRUERIGY cHRRFideS d Single crystal producing process 100, a wafer
10 manufacturing process 102, a wafer sorting process 104, and a device
fabricating process 106.

In the device fabricating process 106 for a semiconductor integrated
circuit, .a semiconductor substrate such as a silicon wafer (including an
unireated semiconductor substrate and a prqcessed or treated substrate in

15 the course of a semiconductor process) is seleétively subjected to various
types‘of treatment such as etching, ion implantation or others.

Here, to selectively protect a silicon wafer or the like as a base iayer
to be treated, a coating film of a so-called photosensitive resist (referred to as
a “resist” hereinafter) made of a composition having sensitivity tb radiant

20 - rays such as ultraviolet i'ays, X rays, or an electron beam is formed on the
substrate, and after that patterning is completed by performing exposure
(herein this term broadly means to expose the _resist film not only to visible
light but also to radiant rays such as ultraviolet rays or an electron beam) to

the radiant rays. That is, a resist pattern is formed on the semiconductor

25 - substrate through a photolithography process.




perform exposure using a reduction projection exposure1§x§%&¥96955tepper)
with a g-line (wavel ength = 436 nn) of a nmercury lanp, an r-1line

(wavel ength = 365 nnm) thereof or a KrF excinmer |aser (wavel ength = 248 nm
as a light 5 source. Here, a_photdh%%k Is attached to the stepper, and then
exposure is perfornmed. The photonask, also nanmed reticle, conprises a

gl ass substrate on which a pattern (such as a netallization pattern) to be.
transferred is drawn as a nmask pattern with a shielding filmmade of such
as chromum (Cr). In case of exposure, accurate alignment (overlay) is

per for ned bethiberresttt patterodormaiionnmeihed rost commaenty usgdasytof or ned on
the sem conductor substrate. The mask pattern drawn on the photonmask is

pr oj ecpexfomint éxpdsare [sihg acrdduckiont ponjectinn kkpiure ciystem ((aesteppethe t em
"l'ight” includes not only visible Iight, but also ultraviolet rays or the

| i ke) , watidatgénewheeleadth =gt86 rih) pAssesrcubhy tamh, an lidine (sravelaethi n t he
stepper. Wth this structure, the mask pattern is transferred with a

reduced 365 anntherédieor @ o excdaiadiager (havelepgilc sz har) shdigiate. Then
the resist is subjected to devel opnent to form a resist pattern. Types of

- Tes st s@uRedi Nbflgth pR&tdndaddOR dtitichdd/ P& thd dteppeP el kNEn by:gésuﬂ_enist he
positive type of resist, an irradiated portion thereof is 20 dissolved in a

devel opéfr9eHUITRO phtih &K, MAsd ahmdd AdiA SdupPisdOR dlssQibstriesol ved,
and in contrast, in the negative type of resist, the irradiated portion

t.her eofn i Ghitpf aS%é&QILrY et a8 & ?ﬂ@dg@ﬂ#é}@?zﬁ ?agfejrﬁp to }'lgbib kfaddirred i

. . ]
not -irradi ated rtiron 1s dissolve evi ce ricating process 106,

e b APRTAR af b binf? ARUERE 1 AEREU S podBe®, 30 |
not 11 pihedntdsbng e%f)’gsvlﬁbpg&tuirggee gﬁ%ﬁl@t Roverlay) is performed between
10 the photomask and a circuit pﬁttern 'already formed on the semiconductor
substrate. | |
The masgk pattern drawn on the photomask is projected with the
light emitted from the light source (herein the tem “light” includes not only
visible light, but also ultraviolet rays or the like), and the projected light
15 passes through a lens provided in the stepper. With this structure, the mask
pattern is transferred with a reduced size onto the resist coated on the
‘semiconductor substrate. Then the resist is subjected to deveIOpﬁzent to form
| a resist pattern. Types of resist are divided into a positive type and a
negative type. In the positive type of resist, an irradiated portion thereof is
20 dissolved in a developing solution, while the not-irradiated portion is not
dissolved, and in contrast, in the negative type of resist, the irradiated
portion thereof is mnot dissolved in a develoﬁing soli_ﬁ;ion, while the
not-irradiated portion is dissolved.
In the device fabricating process 108, the step of formiﬁg a resist

25 pattern is repeated usually 20 to 30 times. However, the device fabricating




The device fabricating nethod according to the pres‘entlggﬁg,mb@@g resi des
in that there is specified a wafer which is used in the devVice fabricating
process 106 using the above-nenti oned exposure system wherein 5 the
surface characteristic A (rise) i 53@al cul at ed by the above-nenti oned

eval uating nethod, and a device is fabricated using a wafer having the

cal cul ated value of 150 nmor less. In the device fabricating process using
an exposure system rises in the peripheral portion of a wafer give severe
influences, and it is preferable 10 that é‘ge val ye of the surface

char agirecésst 106 i ratilim)teddodhaaborAaeRRoRIbe3HBPE:- ment i oned eval uati ng
method is smaller. Especially, it is effective to fabricate a,device using
an exposure giwt dewine tfabzicakihgrmpthadgeeording todharprespat syyertion ,
characteristic A of 150 nmor less. Further, by using a wafer with the

val ue ekiddaeirs uhheceherbaisspecifietdi a8 whSrBwlsal)isofisedom mhe odeviess,
preferably from-300 urn to -900 nm nore preferably from-500 nmto -600

nm YighdichBn@tosssi HIF hsiakiths abate Deenticmsdegibsule tyxiegh wherem nost
i nportant for ‘a wafer used In an exposure systemthat there is no rise on

the peiicPREFBLe RMarh SR ridtRy @0T(risV &d -cadgdand by thotabpvefmeatibwed and ‘sl i ght
sagging 1s preferable. The wafer of the order of 20 from-300 nmto -900 nm

based amibhin@PAeddIaNdl £ dBice B FiiRiald hioing dewhs habitigoghd on. There
IS no specirti imtation for the wafer manufacturing nmethod, but

attent%ag&l%@g&lggl#eom(pnﬁlooﬁeggnfiguration of a peripheral portion of a

waf er during nmahufacturing. 25 An exanple of silicon wafer manufacturing
e o5 S S, B Ao e efpodiivordnsaBd oot
the peripheral portion of a wafer give severe influences, and it is pi‘eférable
10 that the value of the sﬁrface characteristic A (rise) obtained through the
o above-mentioned evaluating methéd is smaller. Especially, it is effective to
fabric&te a device using an exposure system with a wafer having the value of
~ the surface characteristic A of 150 nm or less. |
Further, by using a \-Nafer with the value of the surface characteristic
15 B (sag) of —300 nm or less, preferably from —300 nm to —900 nm, more
preferably from —500 nm to —600 nm, yield in device fabrication can be
improved. Although it is most important for a wafer used in an-exposure
system that there is no rise on the peripheral portion thereof, over-sagging is
not ﬁreferable, and slight sagging is preferable. The wafer of the order of
20 from —300 nm to —900 nm based on the above index is very preferable for
device fabrication.
| There is no specific limitation for the wafer manufacturing method,
but attention should be paid to a configuration of a peripheral portion of a
wafer duﬁng manufacturing.

25 An example of silicon wafer manufacturing method is described




~Czochral ski nethod (single crystal producing process lg@hugag?§0§ingle
crystal ingot is sliced, and at | east one main surface thefeof 1s processed
into 'a mrror-like surface. To describe a wafer manufacturing process 102
more 5 detailedly, the wafer manufa&dt-uring process 102 conprises, a slicing
step of slicing the single crystal ingot with an inner dianeter saw, a
wre saw and the like to obtain a thin and di sk-shaped wafer; a chanfering
step of chanfering a peripheral edge portion of the wafer obtained through
the slicing step to prevent cracking and. chi pping of the wafer; a | apping
step dselawlO Suifirat,ea rihpldi orystakngdt id arodwiadg byhifer vastamceashet chi ng
step of renoving nmachining deformation remaining in the so chanfered and

| appedoyeitahisla meehéd shglst@psoil priduring processr 160).f afbiofkingle waf er;
and a cleaning step of cleaning the polished wafer to renove a polishing

agent Qs gBeId difdedS and SRASAtShd R 8lrfald EhoRoh iShaRBsdd idte waf er
manuf acturing process 102 15 are only listed above, and sonetines other

steps ‘ﬁﬂr&sﬁge heRtack! P HB&ribe h &P iR RRuREH@dng 6 cadse OB afreNce may be

changed, or t sane step nmay be repeated in a plurality of stages. In the

Zpgﬁvfe(?i&%gﬁt%g Bl WRkE m PhAERTRHAS s‘f‘ﬁg‘%% 10 WorpASES A Bl fapfmay be

_ ( various respective . ut attention should =20 be paid
taken S ing g AR Can i Bkt ¥48TRE BEF hRerer BRFTA MY calPaBar o @ O
pol | sy TR0 oA oy Bk GRE o8 R Wl LSHERRGRES B S ng
Cont | gthamowbra Meainliarel bz Reubem of Fhe (Rafrorb s b PR drepor | on
thereof _is controlled. Note that jn.19 Au t 2005 -32 t.he present
| vent PESREIREOIND BFoTRR, GRAORDE g S BRIELOn Lhe TRIoR; A THRRInE SO0 e A

10  surface grinding step of flattening this wafer; an etching step of removing
machining deformation remaining 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 a polishing agent or dust particles

deposited the'relon. The main steps of the wafer manufacturing process 102
15  are only listed above, and sometimes other steps such as a heat treatment
step may be added, the step sequence may be changed, or the same step may-

be repeated in a plurality of stages. |
In the above sequence of wafer processing steps, any processing
method may be applied to the various respective steps, but attention should
20  be paid to a configuration of a finally obtained wafer. Especially, care should ‘
be taken to polishing conditions in the polishing step to obtain an ideal wafer.
Although various processing methods may be épp]icable in the polishing step
too, by polishing a wafer under control over a polishing pressure loaded to a
peﬁpheral portion thereof and a polishing rate, a configuration of the wafer,

25  especially that of the peripheral portion thereof is controlled. Note that in




. long as the paraneters A and B fall within the scope o

above-nentioned one, and any wafer manufacturing proce?§ stEBOéJsabl e so
f\h present
i nvention. Wth the above-nentioned process, it is possible to manufacture
5 with a high probability a wafer WP4h few sags in the peripheral portion
“and having the paraneters A and B of the order of A =150 nmto -20 nm and
B= -300 nmto -900 nm Note that the above-nentioned surface
characteristic values are based on evaluation of data obtai ned when
setting a boundary (an arbitrary p03|t|on X) between the first_region and
secondthegresenitinyepuenttherwaler soamwiasiaringmnressds potilpnited toddige of the
waf er, and nmeasuring a configuration of the wafer excluding an area with
the wi dbbvemehtimeidramm, ahdamewafﬂnenahuwg‘enugmh@sm@b% wsahlediong t he
chanfered portion thereof'). However, it is not always possible to obtain a
waf er $@ig &4 tiogatdireteabdvand Bofallreithina thie seapegr thapredesh devdrtténe i s
performed the 15 above-nentioned evaluation for a wafer used in the device

fabricating pwageshel@boreaRndiongdt Prdchss, piteiepbssiiteettt nthufubgreaf er bei ng
further sorted in the wafer sorting process 104. In other words, as shown

in & gawith al mghfﬁo%%m 4 IRULE JtHN GowrbBadn theGRifiHgal Polthdh RhEsent

I nvention, . after conpletlon of a single crystal 20 producing process 100

for pr ﬁﬁ'&ﬁi%‘ﬂme%‘aﬂa&ﬁ@t@er@@aﬁd Y4 She BROE BEAUE wa il 8586 nkP2nfl® =pPr eparing -
a mrror-polished wafer are perforned, the wafer sorting process 104 is

perforn%ﬂg%%%d' b Ceﬂgtgaame%ﬁo& -l ?‘8@ u?ﬂﬁe e AR g@ﬁé' ce is

fabricated ' I'n the ricating process eva uati ng net hod

20O G Qb6 SRt AKERLE B bOBRES SR Lok VPR PR N0E

dependi'ng on an ar rary” posi measuri ng August 2005

33 region for, a:ual 9 SANLL IOl n%%td sDRH S8LhI A% EELE tO be

10 30 mm away from the peripheral edge of the wafer, and measurmg a
configuration of the wafer excluding an area with the width of 1 mm from the
peripheral edge of the wafer {(excluding the chamfered portion thereof).

However, it is not always possible to obtain a wafer satisfying the
above i'equired 7 value range, and hence there is pérformed the

15 .above,-mentioned evaluation for a wafer used in the device fabricating process
106 according to the preseﬁt invention, the wafer being further sorted in tine
wafer sorting process 104. |

In other words, as shown in Fig. 8, in the device fabricating method
according to tﬁe present invention, after completion of a single crystal

20 producing process 100 for producing an ingot and a wafer manufacturing
process 102 for preparing a mirror-polished wafer are performed, the wafer
sorting process 104 is perforrﬁed according to the parameters A,Band C, and -.
then a device is fabricated in the device fabricating process 106. In the
evaluating method according to the present invention, the parameter values

256 may chaﬁge depending on where an arbitrary position X and a measuring




t he device fabricating process using an exposure systepgAﬁggggbggfeval uation
has been perforned by setting an arbitrary -position X of I nventive _
eval uating method at a position 30 mm away from the peripheral " edge of the
5 waf er, and neasuring a configuratddn of the wafer excluding an area with

- the- width of 1 mmfromthe peripheral edge of the wafer (excluding the
chanfered portion thereof). Wafers currently manufactured have a high
flatness level, and even if the arbitrary position X is slightly displaced
from the preferred position, the paraneter values change little. However,
when De:giom far bivwater yopfigirateon Are seteWhen soyting wadersaisobe used s away from
the peripheral edge of the wafer., the paraneter values may |argely change,
so t hdte dévics fpbﬁﬁeiringlp&’ocmssesinlghmn axposwmr gyghem, tstaieevatluatiposi ti on
inner toward the center of the wafer froma position about 20 mm away from
t he pehaplrienl pedfdpRedf by hetimbenn dtldseryeppsitienclit of she iapphiieabl e to a
wafer having a 15 different dianmeter fromthe above-nentioned wafer. Even

i n casgyalhasingahethod @i pesic 0 aieniwaly &ival eie herphéhs clpewdthent i oned
wafer, it is preferable to set the arbitrary position X at a position

abgut %Qfé%ﬁﬂ%eééx&mé RRonRBhLIAH6H Bf tlﬁsﬂ@ﬁf&fexbhﬁhﬁ?faﬁraxe%mﬁ&ﬁé 20 The
present invention will~be further described nore d | edly by - way of the

fol | ow g rexgmp! ﬁ&n"‘ﬁbﬁi‘ ﬁl@ﬁgbﬁpg%r%p_ U@Pthélwararar §he than

.restrictive. (Inventrve Exa mrror-polrs%]ed wafers (200 nmin

* chan criaRaelt B PRy, SRS GuBBng IRRLGEEERA RALL O HERCO °

ranuf aﬁaHnésQQerpelog e%%n(é tﬁe %gﬁitrx.\ﬁ; Sog ¥1%£%t1§ ghgﬁtﬁ' r-&ﬁsplaced from

the preferred position, the parameter values change little. However, when

10 ther arbitrary position X is set at a position about 10 mm away from the
peripheral edge of the ﬁrafer, the parameter values niay largely change, so
that it is preferable to set the arbitrary position X at a position il_mer toward
the center of the wafer from a position about 20 mm away from the peripheral
edge of the wafer. These requirements are applicable to a Wafer having a

15 different diameter from the above-mentioned r.ov*afer. Even in case of a wafer
having a different diameter from the above-mentioned wafer, it is preferable
to set the arbitrary position X at a position about 30 mm away from the
peripheral edge of the wafer.

Examples

20 The present invention will be further described more detailedly by
way of the following examples which should be construed illustrative rather
than restrictive.

(Inventive Example 1)
8-inch mirror-polished wafers (200 mm in diameter and 0.5 mm in

25 widthofa peripheral edge portion being a chamfered portion) manufactured




eval uati ng nmethod according to the present invention. t nds of

waf er manufacturing processes (processes Si to S6), dh?fgtél?gsrﬁ?og%nditions
were established in the etching st% surface grinding 5 step and ot hers.
As for the yield in a device fabrics#ting process, the above manufacturing
processes are arranged in the order of S5 > S6 > Sl >S4 > S2 > S3, and
the process S5 was best, while a wafer manufactured in the process S3 was
wor st. The eval uating nethod according to the present invention was used
10 to evaluate what type of a wafer confjguration is preferable for

i npr ovihmyughevampas anamufaméummmm%m@%m»@ prevecagluated Brdbgsi s was
performed through the nethod for evaluating a wafer configuration by

pr epar evajuatingfmethuekaddonding fhdrecpresert amvaingoad 400 configuration profiles
within the wafer surface. In each analysis, the wafer thickness was '
nmeasured at peshé Gdfads bb wifehmmmmdacaridg Pr@bsseam {(prodassesbleSEhr f ace of
the wafer (excluding the chanfered portion of an area with 0.5 mMmmin width
of t hedirbADRbARItRHL WeR} jestablesivdaiutke ctetiag tRpskuehse dairdingr e
~successively stored; configuration profiles of the wafer of fromthe

cery r akypOshd QBhd:R, t AS fBFRe RAEI @Na (RFide AbricAtEE HFdvks,heCeitiveal

portion) "as shown in Fig. 1 were read fromthe stored 20 wafer thickness

data; g ERRAE: bf&%d&%&%ﬁﬁh@&&% Bé bR IRb- US> omggthgacent ral

~portion (1n ection of the wafer dianeter) to an arbitrary position

X (70 grgg %d@é% ﬂ;ﬁ%{g@:@b@%@&%&, whHEa Ratel *ﬁg&;?%%%g@ezd{]iﬁr&@ ocddgt ween the

t hi ckness™a rary position an e reference line (a
virt uag thzi:lcknle,sﬁs) at the same position was anal yzed; and the anal yzed 25
di ff er BATEPIAS ™l cul ated as the surface characteristics. In other words,

the 19 Augustegd0o. 3% S eh5a AR&L AR Bid fRectnfIvEh AL WalSudlBX MM

lé to evaluate what type of a wafer configuration is prelferable for improving the

yield in the device fabricating process. The analysis was perforﬁed through

the method for evaluating a wafer configuration by preparing a reference line.
'There were analyzed 400 configuration profiles within the wafer surface.

In each analysis, fhe wafer thickness was measured at positions

15 with a space of 0.95 mm on the whole surface of the wafer (excluding the

chamfered portion of an area with 0.5 ;ﬁm 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 edge portion (98.5 mm

away from the ceﬁtral portion) as shown in Fig. 1 were read from the stored

-_20- 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) by the method of least squares; then the difference

between the thickness at the arbitrary position and the value of the feference

Line {a virtual thickness) at the same position was analyzed; and the analyzed

25 difference was calculated as the surface chai‘acteristics. In other words, the




in the second region to be evaluated of 70 mrmto 98.5 ug@g@g i vely. The
surface characteristic C indicates dispersion of the val ue the ‘
extensive first region of fromthe central portion to 70 mm 5 Results of
‘the eval uation are shown in Table B%nd in Fi g. 9. These results were
obtained.in such a way that in configuration profiles each of froma
central portion of the wafer to an edge portion thereof, at first surface
characteristics were cal culated and then average val ues of surface
characterjstics radially eval uated of 400 lines were determned. 10 Table 1
sur f acemiir¢echapcierisiig A ey arg the mariamaey wlne and minimum value

Char act er - Char act er - Char act er - Ranki ng facturingistic: A stic: Bistic:

A- Bi stinctheGdcandrnggromto be evalaated QE?O(HM&)#(%% mm, respectively. The

(pm (p. M (undul ati on)goodness) (pn) 510.0089- 0.53770.54660. 00603 S2-

0. 0215surfa@ 0Bar #x868610 11 35di88Gs3d8herdor 482he69x40s GRGHE SAONdiFe9-

0.51610. 66790. 02134 S50.1367- 0.59470. 73140. 01981 S60. 0650-

0. 828 7Air832gihrDdabRAmAtioocaditngl gortibabloe7d mhe waf er manufactured in S3 with
the worst vyield is snmall and good in saggi ng conponents (the surface

cha act eri st iRedhltdof tHecerilahtiah iaRg shetviomh TabBlr Thid ihdikhe. Mirsent

I nvention), but as shown in 15 Table 1 and Fig. 9, remarkably worse.in

ri si NOr&QMRORERE SbtihRdSH Eadfa WA AelSh Sddfigdrationt pRofA¥Rlcdahigfy met hod
according to the present. invention) as conpared to wafers nmanufactured in

ot her RALS REAVHT PI-{IBh 3P URe whBMSto an edge portion thereof, at first surface

characteristics were calculated and then average values of surface

_ characteristics radially evaluated of 400 lines were determined.

10 Tablel
Manu- Surface Surface Surface - Cﬁ;:ig:r_ Yield
¢ . Character- | Character- | Character- o Ranking
acturing e . s e istic: C . _
Process _1st1c- A istic: B istic: A-B (undulation) (in order of
(rise) (um) | (sag) (um) (pm) () goodness)
S1 0.0089 —0.5377 0.5466 0.0060 3
S2 —0.0215 —0.8108 0.7893 0.0118 3
S3 0.3791 —().2452 0.6244 0.0205 6
54 0.1519 —0.56161 0.6679 0.0213 4
S5 0.1367 | —0.5947 0.7314 0.0198 1
56 0.0650 ~0.8287 0.8937 0.0168 2

According to Table 1, the wafer manufactured in S3 with the worst

| yield is small énd good in sagging components (the surface char.acteristic Bin
the evaluating method according to the present invention), but as shown in

15 Table 1 and Fig. 9, remarkably worse in rising components (the gurface
characteristic A in the evaluating method according to the present.invention)

as compared to wafers manufactured in other manufacturing methods. Thus,

it is understood that the evaluating method according to the present

invention evaluates qualities of a wafer more accurately.




it is understood that the eval uating net hod according F@Atu%gstgb§§ent

I nvention evaluates qualities of a wafer nore accurately. ugust 2005
-36 It is found that this device fabricating process is affected easily by
ri ses nore than by sags of a waf er eBrfiguration, and the fabrication vyield
can ‘be inproved by using a wafer having no rise. Also in this Inventive
Exanple it is known that the wafer having the values for sag and rise ,
simlar to the 5 level of the manufacturing process S5 shown in Table 1 is
pr ef er abl e. TEi s device fafricating, process is a process using an exposure
system and frbH dethatythyp degroapfadricating procedsis aférqted eraHyilvat i ng
process_ using the exposure system has no rising conponent and the :

par anetiésesanere tlou By spgh Qfl%ﬁ'afﬁncoﬁﬁgluégbonmgl%bwﬁMt}@ddﬁcars equal to
or less than 0, 10 the wafer has a configuration with big sagging
conponéetimpmvid byt ising @i wafey haoong moendes , Also it lthis Invenfivefxabpk par anet er
Ais of from-20 nmto 150 nm The paraneter B does not exert a greater

ef f ect ibis khewyi tHat thict wafer lexpnguthe valyed ém g codpieadntibut fvethpar anet er

A, but to inprove the yield, it is preferable that the paraneter Ais

0. 150 pavdllBGhemrantfdcensngpitotdse SthsiparaieTabldl isppafefgrlably in the order
of from-300 nmto -900 nm especially from-500 nmto -600 nm The '

paraneter C shigé g Tehaeahy FdcBEB G5 a | B®sessT ising eRRPYsyAS Observed
| i kewi se in various types of exposure systens. In each device fabricating

- procesgyband i ek TaBleeRs hrBfBGBRSH R faltH idvice A rRALARY hrokbao the

opti mum ranges of sag and rise according to the inventive evaluati ng

et L R T S T
Presenty 150 ym (150 nm) or less. When the parameter A is equal to or less than 0,
10  the wafer has a configuration with big sagging components rather than rising
| components, so that the preferable pérameter Ais of from —20 nm to 150 nm.
The parameter B does not exert a greater effect on the yield with an exposure
system as compared to the parameter A, but to improve the yield, it is
preferable that the parameter A is 0.150 pm (150 nm) or less and the
15 parameter B is preferably in the order of from —300 nm to —900 nm, especially
- from -500 nm to —600 nm. The parameter C éhould be preferably 20 nm or
less. This tendency was observed likewise in various types of expostire
systems.
In -each device fabricating process (and furthér in each processing
20  umit), by establishing the optimum ranges of sag and rise according to the
inventive evaiuating method, a wafer suitable for each device fabricating
process cain be manufactured.
It is to be noted that the evaluating method according to the present

invention is not limited to Inventive Example 1 described above. For

25 instance, when preparing a reference line or a reference plane, data for a




invention is not limted to Inventive Exanple 1 descri P@ﬁugﬁ?ﬁﬁﬂ For 25

I nstance, when preparing a reference line or a reference pfane, data for a
19 August 2005 -37 configuration of a wafer of fromthe central portion to
an arbitrary position X are used T&f - cal cul ation, but the arbitrary
position X is not always required to be set fromthe central portion.

Al though it is nore accurate to use data obtained by setting the arbitrary
position fromthe central portion, since a central portion of a wafer is
usual ly polished to an extrenmely high flatness |level, the reference

‘posi ti eeniAgyralonsela Faden of fiomntheotentraimoztion toars aristrazy pesitionFRr

I nstance, wth an 8-inch wafer or the like, there has been obtained a

si m | aare gsed foragladapanchiut the :hnd)itmsgpmhidairomﬁis; abeabmoe deigniredrtoa 10
reference plane is prepared fromthe central portion to an arbitrary

posi ti ba,setdven theecentirablpaciornt Althotighh Gk e $8oteSasRaaty €6l ved ditaar ea of
fromthe central portion to a position of 23 mMmto 98.5 mm the position

~of 23 ebtdihednbyt fttieentia hrip@fidyopodition fomSth &driril pertR, MinccdRd a
reference line or a reference plane is prepared on the basis of a

COrd | guérirhPpoitiéi iof @ Rhfdy i%nhéﬁ?ﬂlﬂﬁoﬁélﬁﬁ t anéiiti’émhﬁf BI%QIOE. %ﬂé%@ (an

arbitrary position) 70 nm (30 nmm away from the periphera ge of the

- waf-er) jegel iﬂ@rﬁg%%ea?yﬁﬁtohvﬁlagxﬁg?lfﬂo t Z{ﬁnﬁ"ﬁﬂfﬁe A{%'dytoog(ﬁﬁgved

di fferences between data of the's ace characteristic but as shown in
Tabl e 1l @ pafer configuration can be eval uated by determ ning the surface
20 characteristics B and C and a difference between the surface

Ol 2t el I B BN AR el
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10 reference plane is prepared from the central portlon to an arbitrary position,
even when displacement or thickness is méa‘sured on an area of from the
central portion to a position of 23 mm to 98.5 mm, the position of 23 mm from
the central portion is set as a starting point, and a reference line or a
reference plane is prepared on 1;he basis of a cdnﬁguration profile of from the
15  starting point to a position (an arbitrary position) 70 mm (30 mm away from

the peripheral edge of the wafer).

In the above Inventive Example 1, there were mainly observed
differences hetween data of the surface characteristic A, but as shown in
Table 1 a wafer configuration can be evaluated by determining the surface
20 characteristics B and C and a difference between the surface characteristics
A, B, ete.; further a wafer configuration can be evaluated more accurately by
combining ﬁttingly the above evaluated indexes. It is most important for the
inventive evaluatmg method to evaluate a mirror- pohshed wafer, but the

evaluatmg method can be applied not only to the mirror- pohshed wafer, but

25 also to wafers after having been subjected to lapping, etching, surface :




eval uating nmethod can be applied not only to the m rro'iQB‘ﬁ%ﬁs?E@@% waf er, but
25 also to wafers after having been subjected to | apping, &tching, surface
19 August 2005 -38 grinding or other steps. (lnventive Exanple 2) Then, to
“ascertain the information obtained 3%om Table 1, wafers were manufactured
by controlling the paraneters A, B and C, and the wafers 5 were sorted by
the inventive evaluating nethod to nanufacture wafers neeting the
prescribed requirements. The eval uating nethod was the same as that

enpl oyed i.n I nventive Exanple 1. That is, by polishing wafers controlling

t he peﬂ@ﬁ@%&?rﬁﬁhﬁmﬁiﬁﬂso t hereof, wafers having the paraneter A of -20 nm
to 150 nmand the 10 paraneter B of -300 nmto -900 nm were nmanufact.ured,
and deWnentiwer Bxawple &4t ed using the wafers. There are various device
fabricating processes, but in this exanple, a process using an exposure
system especThbh,yto astepper thavasfopevaftmmebitaihed thivm Badadepl ewafdrere were
used wafers (wafer group W51) having 15 the paraneter A of 80 nmto 150 nm
and t heepanaimifactiBedfby d@@roling ahe PRAQametersafdB watdl,car{dvetieewadrreup W52)
having the paraneter A of -20 nmto 80 nmand the paraneter B of -300 nm

t 0 5 80@Qefensoptsdl ibgedhé havehtice abaNgatipar AIvEhed toaldefufMeriee Ewaldrat ed
according to the evaluating nmethod described above. The wafers bel ongi ng

t 0 bot febhig iSO re3tAHRE r@@uﬁemﬁtazom@r@m&@tﬁné\nﬁthw%ﬁ&m samss. Al of

the wafers used in this exanple have. the paraneter C of 20 nmor |ess.

The deyd oaf SRBIGRID RIRCAERE ELhPR £ Stepper, especially a resist
pattern formation process Is described below In this exanple, a
That is, by polishing wafers controlling the peripheral portions
thereof, wafers having the parameter A of —20 nm to 150 nm and the
10 parameter B of —;300 nm to ~900 nm were manufactured, and devices were
fabricated using the wafers. There are various device fabricating prdcesses,.
but in this example, a process using an exposure system, especially a stepper
“was performed.
In this example, there were used wafers (wafer group WS1) having
15 ‘the parameter A of 80 nm to 150 nm and the parameter B of —400 nm to -700
nm, and wafers (wafer group WS2) having the parameter A of =20 nm to 80.
nm and the parameter B of —-300 nm to ~800 nni, provided that the above
parameter values were evaluated according to the evaluating method
described above. The wafers belonging to both the wafer groups have the
- 20 parameter A of 150 nm or less. All of the wafers used in this example have
the parameter C of 20 nm or less.
The device fabricating process using a stepper, especially a resist
pattern formation process is described below. In this example; a
cdmmercia}ly avaﬂable; positive type of resist is coé.ted with the thickness of

25 about 500 nm on the wafers sorted according to the inventive evaluating




commercially available positive type of resist is coat ?ﬂA Lhdd obhe thi ckness
of . 25 about 500 nmon the wafers sorted according to the Fnventive

eval uating 19 August 2005 -39 nethod, and then pre-baking is perforned for
90. seconds at the tenperature of -I¥C. Wth this operation, the positive
type of liquid resist is solidified. Then, a reticle (photomask) with a
pattern having various pitches (for instance, a netallization pattern)
drawn thereon is set on a stepper 5 equipped with a KrF exciner |aser
(wavel ength = 248 nm as a light source for perform ng exposure. As a

r esul t metthed paid thien grebaking tshperfatmed for 30 sé¢coadsfadrthe dempenatire positive
type of resist. Next, PEB (Post Exposure Baking) was perforned for 90

secondsf p00°C.hwitle oRropless 8o tHelPésitinndypd beliqulthtestitvielsoidiidd. was
performed for 60 10 seconds using a 2.38 wei ght % aqueous sol ution of

tetra methyl prawn ¢aRA(hotSRa6EMMIbh 2 Satefie Hdking fafidsh Hitdhrbkt ern
corresponding to the pattern drawn on the reticle was obtained. Thus, a

devi ce(URSnfRiNchCal AbtaRIAdidBatRtEP ABAWN NforkbA! @ ddt she dBMif® |
fabricating process using a stepper was 15 evaluated by checking shifts of

thg regé\ﬁpﬁgg%ﬁﬁ% 1% i%xc%%??&é%) (walafe %'Lﬁgx'sg 2%%8111&%%‘& ﬁlgﬁ?s@m%c%ount i ng

wafers attern shifts as inferior c sheet s”of wafers were
Cral vt bl a8, AL S AT, AR 20
e RS oA SRR o Fomeent onal practice
A of 150 Ut L P10 WPl S RALETNE RGP s AR5l £ 55900042 A9 he
o the temperature of 110°C, and after that devélopment was perfdrmed for 60
10 seconds uésing a 2.38 weight % aqueous solution of tetra methyl émmonium
hydroxide (TMAH). Asa result, a resist pattern corresponding to the pattern
drawn. on the reticle was obtained. Thus, a device was fabricated using the
stepper.
The yield in the device fabricating process using a stepper was
15 evaluated by checking shifts of the resist pattern (poor exposure). The yield
was calculated by counting wafers with pattern shifts as inferior chips. 100
sheets of wafers were evaluated. |
As a result, the yield of wafers of WS1 was 99%. In contrast, the
yield of wafers of WS2 was 95%, slightly lower than WS1. The yield in either
20 case was far higher than that in the conventional practice. '
-(Comparative Example 1)
With wafers (wafer group WS3) having the parameter A of 150 nm to
400 nm, the parameter B of —200 nm to —800 nm and the parameter C of 20
nm or less, devices were fabricated likev}ise in Inventive Example 2 to

25 determiné the yield.




o determ ne the yield. 19 August 2005 -40 As a result, they

nm or | ess, devices were fabricated |ikew se in |Inventj 2to 25
Y RupIFIDOS 52%
remar kably worse as conpared to wafers of W51 and W52. Especially, nany
pattern shifts were observed in t?ﬁ‘s[)beri pheral portions of the wafers.
This result indicates that there is bad the yield in the device
fabricating process with the wafers having |l arge values 5 for the
parameter A (rising conponents). By the way, when devices are fabricated
with wafers which ar manuf actured by the conventional process and are not
sorted accor ddh@ %’%ﬁ"ﬁhéhep‘é're as 32K, appapkablyewores as I QUBEAAO70% | 1
has been known formthe above that the yield is |argely inproved by using
waf er swafensi ofgWiHeand (VSLanBaperiz Bpuneardmtteracelois wgre nbsqwed dat
i nvention. As described above, in the device fabricating process using a
st eppethe petiphyial gbriionafof éhe evhibys.r This vesult indi@tes thdt theratis badnore than -
by sag therein, and therefore it is understood that by using wafers having
no ri Sthe fiedd yn eheldedanfdinicatpi@pestesd Fithhihepasferehaving bifrgeimdlieat i on :
conmponents on a wafer surface is strongly related to nanotopography, and

when t_ﬂﬁﬂ@gg@hﬁmgﬁﬁiﬁﬁgicaﬁlpyhentgss, the surface state of the wafer is
excel | ent. pability of Exploitation in Industry: 20 The typical effects

of the presenByi{hechlalyORvNbn | dRScdicatd FAIRSCABIOWIth WaTRIAGATER (axer _
t hi ckness of a wafer neasured at positions with a prescribed space using

the di SplAGSERILA Yy theldehERfoHRASNL A APAISERRAE] RéWiifeko tiRI O
guration nore“accurately than the conventional indexes for indicating
flatnegs-amet:3%A 3588, BEPFRIA!LYarohE 700620 Bas PERAUAGK W6 the
above that the yield is largely improved by using wafers meeting the
10 standard requirements according the present invenﬁon.
As déscribed above, in the device fabricating pfocess using a stei)per,
the yield is affected by rise in a wafer configuration more than by sag therein,
‘and therefore it is understood that by using wafers having no rise, the yield
can be improved. |
15 The parametér C of undulation components on a wafer surface is

strongly related to nanotopography, and when the parameter C 1s 20 nm or-

less, the surface state of the wafer is excellent.

Capability of Exploitation in Industry:

20 The typical effects of the present invention will be described below.
Displacement or thickness of a wafer measured at positions with a prescribed
space using the displacement or thickness measuring means can determine a
wafer configuration more accurately than the conventional indexes for
indicating flatness such as SFQR. Especially, there can be quantitatively

25 evaluated a configuration of a peripheral portion of the wafer including the




25 evaluated a configuration of a peripheral portion o i ncl udi ng
~the 19 August 2005 -41 so-called rise or sag, so that é%%ag%s\ff\gfr)@g
configuration can be accurately evaluated according to a given criterion.
Wth the eval uating nethod accordimglto the present invention, there can
be .quantitatively evaluated wafer quality, especially quality of a 5
peripheral portion of a wafer which can not be eval uated accurately so far,
and hence a wafer configuration nost suitable to Iithography or CVP can be
determ ned. By taking advantage of the surface characteristics obtained

t hr ougho-calied eusd wat agy aetihed the orafengonfigubatipn esantbei aoanaiey,
evaluation of a 10 wafer configuration can be perforned nore accurately as
conpar edalatéd acamrdizentd agaterpratdriae, and the yield in the subsequent
processes can be inproved. Further by accumul ating these data, it becones
possi bl e to e@§ill the wadnatingapaithbd taccordihbetd ithe eséhe ifeditiaat i ng
process, which nmakes it possible to supply wafers stably. 15 Especially,

it hastlhaencLPbt iquieditbbidely whehdtbe wdtAiRbity éspeBialpnguidisf ofavafer fall .
within given standard requirenents, the yield in the device fabricating

Pr Gf €S peMphBEhlPhretROSIUA Sy £e WRichathrPRoOhe @vhladtER ra&\égﬂatelﬂ beggiore, the

yield 1n The device fabricating process can be inproved by using wafers

whi ch Qg&g@;miwfaa&&ﬁgc‘aggg‘%ég?gﬁﬁsﬁ&ﬁﬁﬁﬁe o ﬁ%ﬁbéﬁp%gk%u(gﬂﬁ’ czgxg pRar anet ers |

A, B an thin ard requirenents. ust 05 -42
_g:lt_élloglsd&terélﬁg&_hod for evaluating a wafer configuration conprising the

By taking advantage of the sﬁrface characteristics obtained through

the evaluating method according to the present invention, evaluation of a

10 wafer configuration can be performed more accurately as compared to the

conventional practice, and the yield in the Sﬁbsequént proceéses can be

improved. Further by accumulating these data, it becomes possible to easily

grasp a capability or the like of the fabricating process, which makes it
‘pos'sible to supply wafers stably. o

15 Especially, it has been confirmed that, when the parameters A, B

and C of a wafer fall within given standard requirements, the yield in the

device fabricating process using an exposure syétem can be greatly improved.

‘Therefore, the yield in the device fabricating process can be improved by

using wafers which are manufactured and further sorted so as to make the

| 20 parameters A, B and C within the above standard requirements.




of 5 nmeasuring a configuration of a wafer at positions)gilb,@o286¢scribed
space within a surface of the wafer; providing a first regron wthin the

- wafer surface for calculating a reference Iine or a reference plane from
the measured wafer configuration; “#&fculating a reference line or a
reference plane in the first region; 10 providing a second region to be
eval uated outside the first region; extrapolating the reference tine or
reference plane to the second region; analyzing a difference between the
configuration of the second regign and the reference |line or reference

pl ane within the second region; M5 cal cul ating the anal yzed difference
as surface characteristics. .2. The nethod for evaluating a wafer
configuration according to claim 1, wherein the second region is provided
in arange of froma boundary of the first region to an edge portion of
the wafler, di Afmetncefrhatalesting aowifegwoafigonstian camplrising ithy stdpsar bi trary
positions within the second region 20 and the reference |line or reference
pl ane af the positions are analyzed, and the maxi mum val ue anong the

val ues of the analyzed differences is calculated as the surface

chagacteri stifmeAslfinged codfigdhRRidEbNAAIeF afYakitidisith pkedcribedf i guration
according to claim I, wherein the second region is provided in a range of

from aghoundaihin &f siit8ce PtHd waterf €9i On to an edge portion of the wafer, .
di fferences between 19 August 2005 -43 configurations at a plurality of

arbitrary pos{r)]lgdvg‘tﬁﬁ[g’r’]‘%t@s@fegfoﬁ%ﬁﬁﬂﬁ Eh"e%%?edr éﬁ%g&é‘{?%f Gziﬁﬁfai’cﬁr?ﬁ; Li ne or

reference pla positrons are anal yze e mni num val ue anong

the valygse ole $R§ of 43le¥ el 'pflz;u% fiB6Pehd theasured wafer configuration; o

calculating a reference line or a reference plane in the first region;
10 providing a second region to be evaluated outside the first region;
| éxtrapolating the reference line or reference plane to the second
region; |
analyzing a difference between the configuration of the second
region and the reference line or reference plane within the second region; and
15 calculating the analyzed difference as surface characteristics.
2. The method for evaluating a wafer configuration according to claim
1, wherein the second region is provided in a range of from a boundary'of the
first region to an edge portion of the wafer, differences between
configurations at a plurality of arbitrary positions within the second region
20 and the reference line or reference plane at the positions are analyzed, and
the maximum value among the values of the analyzed differences is
calculated as the surface characteristic A {rise). |
3. : The method for evaluating a wafer configuration according to claim
1, wherein the second region is provided in a range of from a boundary éf the

26 first region to an edge portion of the wafer, differences between




calcul ated as the surface characteristic B (sag). 5 4. gﬁgﬁ%@g for

~evaluating a wafer configuration according to any one 0 ains 1 to 3,

. wherein the wafer configuration nmeasured at a plurality of positions with
a prescribed space within the waferddurface is displacement in the :
direction vertical to the wafer surface or a wafer thickness. 5. The nethod
for evaluating a wafer configuration according to any 10 one of clainms 1
to 4, wherein the reference line of fromthe vicinity of the «central
portion of the wafer to a boundary of the first region is cal cul ated
Wi t hi rcomifigufrbtionsratgy phutality eddirbitrary gositipusawithim phefsetandiedionm t he
central portion of the wafer to the edge portion thereof. 6. The nethod
for evatdiahé rgfarened dihecanfafgrenat iplanace ahdi pugitions heé enalkzeld, anfierein the
surface characteristics are analyzed with a val ue obtained by averaging

conf i gihecatiHirRi@f Mabse fmbhgmtidevaiansraf ther hhalyzefl Hifterentey iko the
edge portion thereof which are read at a plurality of positions on the

waf er ca%ﬁl%@@&aslhe@ﬂ?fd&@tchﬁﬂaét@ﬁsﬁ\é% (gﬁ{glf)ng a wafer configuration
according to claim 20 5, wherein the surface characteri StICS are anal yzed

o rgm rgspect I’];’}?eo ﬁga%g% P fIJ;V%%%I}I\@?xEﬁg.LﬁI ion€a&ko lity of

posi tions of central portion r to t e edge gortion

thereofye eivﬁré‘%é’%kﬂ%ehﬁaf?ﬁéﬁkﬁ%ﬁaﬁ BMdaééé h&f e .anal yzed

 surfacec ara &ri St1cs eva |ng rconfiguration
R DTSR e L
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compr ig.i ng t hl‘:"h St echiod for evaluating a wafer configuration according to any
10 one of claims 1 to 4, wherein the reference line of from the vicinity of the
centrai portion of the wafer to a boundary of the first region is calculated
within the first region by reading a configuration profile of from the central
portion of the wafer to the edge portion thereof.
6. The method for evaluating a wafer configuration according to claim
15 5, wherein the surface characteristics are analyzed with a value obtained by
averaging configuration profiles of from the central portion of the wafer to the
edge portion thereof which are read at a plurality of positions Aon the wafer
‘surface.
7. The method fer evaluating a wafer configuration according to claim
.20 5, wherein the surface characteristics are analyzed from respective
-configuration profiles which are read at a plurality of positions of from the
central pei'tion of the wafer to the edge portion thereof, and an-average value
is obtained from a plurality of the analyzed surface characteristics.
8. . The method for evaluating a wafer configuration accofding to any

26 one of claims 1 to 4, wherein the reference plane of the first region is




of. 5 neasuring a configuration of a wafer at positiongoWwdsfistd0psescri bed
space within a surface of the wafer; providing a first region on the wafer
surface for calculatihg a referencg@line or a reference plane fromthe
measured wafer configuration; calctfating a-reference line or a reference
plane in the first region; 10 obtaining differences between the reference
line or the reference plane and actually nmeasured values within the first
region; and calculating a standard deviation a of the obtained differences
as the urf age. char,acteri.stic C (undul.atign).. 10. The nethod for

eval uacrkalateairar do N&H?‘éﬁrsnreiécmﬁ%lﬁgt%@o“fé o frigee 9,% prertien the

waf er configuration neasured at a plurality_ of positions with a .prescribed
space wpwﬁgppﬁéomf@w vafgrdedheedgeqmrtioathereatn the direction vertical
to the wafer surface or- a thickness of the wafer. 11. The nethod for

eval ua®i ng a Mapethodolerieyalunting agwaler donfiguvatiomicompising the stdpsr ei n t he
reference line of fromthe vicinity of the central portion of 20 the wafer
to. a bofindary of the first region is calculated within the first region by
reading a configuration profile of fromthe central portion of the wafer to
t hes edge por tineastiliapentonfiguration ofi wedef at pevidlomatwith @ pvedeeibed
configuration according to claim 11, wherein the surface characteristics

are angpyeearitdih anvdadeust thbtvaafeed by 25 averaging configuration profiles
of fromthe central portion of the wafer to the 19 August 2005 -45 edge

portion ther eﬁhfdv\Mlingh adfiestf @agiodl oft Bhd!MihfelYs@ffaBOSbE | NSy 4 he.
waf er surface. 13. The nmethod for evaluating a wafer configuration
accor did@réRecclifd Bt a reféerence plane from the meésured wafer configuration;
calculating a reference line or a reference plane in tile ﬁrsﬁ region;
10 obtaining 'différences between the reference line or the reference |
plane and actually measured valués within the first region; and
- calculating a standard deviation ¢ of the obtained differences as the
surface characteristic C (undulation).
10. The method for ev_aluating a wafer configuration according to claim
15 9, wherein the wafer configuration measured at a plurality of positions with a
prescribed space within the wafer surface is displacement in the direction
vertical to the wafer surface or a thickness of the wafer.
11. The method for evaluating a wafer configuration according to claim
9 oi‘ 10, wherein the reference line of from the vi(':in.ity of the central portion of
20 the wafertoa boundarj; of the first region is calculated within the first region
by reading a configuration profile of from the central portion of the wafer to
the edge portion thereof.
12. The method for evaluating a wafer configuration according to claim
11, wherein the surface characteristics are analyzed with ‘a value obtained by

25 averaging configuration profiles of from the central portion of the wafer to the




11, wherein the surface characteristics are anal yzed f;@ﬁh BE&s i ve
configuration profiles which are read at a plurality of poSitions of from
-.the central portion of the wafer to the edge portion thereof, and an
average value is obtained froma Elurality of the analyzed surface
characteristics. 14. The method fofSeval uating a wafer configuration
according to claim 9 or 10, wherein the reference plane of the first
region is calculated fromdata which are read within the wafer surface of

from Eﬂge GRRtibAl eSS Ahidh drBcreaRhEh %)_lefah%r edgRsRMtd onctifenrof . 15. The
met hod fo ion dccording to any one of clains

r evaluating a wafer configura

1 to Jhfebieigidd the prescribed space is 1 mmor |ess. 16. An apparatus for

evaluating a wafer configuration conprising: a configuration measuring unit

for mggsuringna Iﬁeﬂfddgfgraé‘}aﬁ?hiﬂ;g g wiRf onfluRftdd ?Qé&d‘ﬁﬁ%h?o YRhpESCri bed

space on a surface of the wafer;” a storage device for suctessively

| UL i NGy AR ¢ht NGuERRE AEAdBAsER! ArdEAMMEEM Difold1erdaRlkaur at i on

measuring unit; and a surtace characteristic catculating unft tor reading

t he ' ki ORsalat t e r glhg -al letd f. the wafer
CORY: th I?IIQ) 1 afh%h ag'g Ilé@& teé S@g% 0 cg}‘;@&lﬁoné’ (%1f t}}?rﬁ file

to the ge portion thereof tTromt Ice, calculatrng a

cantr Srigal bR or el SRR 30l TRloR ARATARN A FriBeEral el y2ing a
ar bi ¢ PR R bl P AR ot e Mt B RIES: Cnce. as surface
v er Lot | gbiaroRoR RS e AR & raf ctBReRiRRus r Sanoe I ARGt on
TeasUGi A0 ALk, GILSpLAceTEL. PRASUTLNG U, LOLTEASHLNG, 5P acerent

- which are read within the wafer surface of from the central portion of the

wafer to the edge portion thereof.
15. The method for evaluating a wafer configuration according to any
one of claims 1 to 14, wherein the prescribed space is 1 mm or less.
16. An apparatus for evaluating a wafer configuration comprising:

a configuration measuring unit for measuring a configuration of a
wafer at positions with a prescribed space on a surface of the wafer;

a storage device for successively inputting and storing configuration
data measured by the configuration measuring unit; and

a surface characteristic calculating wunit for reading the
configuration data of the wafer from the central portion of the wafer to the
edge portion thereof from the storage device, calculating a reference line or
a reference plane in a region of the wafer from the central portion of the wafer
to an arbitrary portion thereof, analyzing a difference between the reference
line or the reference plane and an arbitrary position, and calculating the

analyzed difference as surface characteristics.




surface of a test stand of a surface of the wafer placedagudtheosest stand
within 5 the wafer surface, and the configuration data are di spl acenent
data. 18. The apparatus for evaluating a wafer configuration according to

claim 16, wherein the configuration asuring unit is a thickness neasuring
unit for nmeasuring a thickness of a wafer held by a wafer holding jig
within the wafer surface, and the configuration data are thickness data.
10 19. A device fabricating nmethod, wherein, when fabricating a device on a

waf er w.th an_exposure system the.device |s fabricated using the wafer
havi ng Yhe suTﬁﬁc@Qﬁ%ﬁ&%tfé?i%’ ataAng g %%GSfCOng“ﬁﬁleP ?‘é’%‘%@ﬁa’%at ed by
the eval uating thod according to any one of clainms 2,. 4 to 8, and 15.
20. Théldayil& W F?l@attﬁﬁgcqm‘i%t@@c@a%ﬁwl% w4 1 2o displeeasnent when - 15
fabricating a device on a wafer with an exposure system the device is

f abri c Measugbia goihdomaeasuring ddsnlaeement auethehdiraction iverticaBt¢ sag) of
-300 nmor |less evaluated by the evaluating nethod according to any one of
cl ai s susfaceoBa testdstadd of 2 suFfaeeddthe wafabplacad iongheststodand sothlimg t o
claim19 or 20, wherein, 20 when fabricating a device on a wafer with an
exppsuitke swefeesurfhbe adal tlecordigirabionoddtadanesdisglacemenatlata.havi ng t he
surface characteristic C (undulation) of 20 nmor |ess evaluated by the

eval uaiBng rmeThedmeaatds for tevabineting « weafed Dnfigardfon 22corlinvgf &, wherein
the wafer has the surface characteristic A (rise) of 25 150 urn or |ess

and t helast {@6ehefedh ahb ebhfikiifathod SRA5USg SOR is tRIckRES meAsAvBist 2005
-47 evaluated by the evaluating nethod according to any one of clains 2 to

8 and kY fof InediifiNg aCthiBREQUMIwhale Chaldby 2 wilte IR Ainges SHEARCE
- char act er istic :
the wafer surface, and the configuration data are thickness data.

10 19. A device fabricating method, wherein, when fabricating a device on a
wafer with an expﬁsure sysfem, the device is fabricated using the wafer
having the surface characteristic A (rise) of 150 nm or less evaluated by the
evaluating method according to any one of claims 2, 4 to 8, and 15. |
20. The devjce fabricating method according to claim 19, wherein, when

15 fabricating a device on a wafer with an exposure system, the device is
fabricated using the wafer having the surface characteristic B (sag) of —300
nm or less evaluated by the evaluating method according-to any one of clainis
38to 8, and 15.

21. The device fabricating method according to claim 19 or 20, wherein,

20  when fabricating a device on a wafer with an exposure system, the device is
fabricated using the wafer having the surface characteristic C (undulation) of
20 nm or less evaluated by the evaluating method according to one of claims 9 -

_ fo 15.
22. A wafer, wherein the wafer has thé surface characteristic A (rise) of

25 150 nm or less and the surface characteristic B (sag) of —300 nm or less




A (rise) is of -20 nmto 150 nm and the surface charac?gehiu%g 685 (sag) is
of 5 -300 nmto -900 nm 24. The wafer according to claim 5 or 23,
wherein further the surface characteristic C (undulation) is 20 nmor |ess
eval-uated by the evaluating methoddaccording to any one of clains 9 to 15.
25. A wafer sorting nethod for sorting a wafer on which devices are 10
fabricated with an exposure system wherein there is sorted the wafer
having the surface characteristic A (rise) of 150 nmor |ess eval uated by
the evaluating method according to any one of clainms 2, 4 to 8, and 15.

26. Thevalabesd bpthe egahmithormathod docgding td anyrods of elagmei Ditd Bamlder t here
is sorted the wafer having the surface characteristic B (sag) of -300 nm
15 or t®ss evaluated by the eval uating nethod according to any one of
claims 3 to 8, and 15. 27. The wafer sorting nethod according to claim25

0 25 O W SR s
met hodpaG6R) 4k ¢ —280nH0tRY0 IR Rid Ch&isTBfale (Batacteristic B (sag) is of
5 —300 nm to -900 nm.
24. The wafer according to claim 22 or 23, wherein further the surface
'-_char-acteristic C (undulation) is 20 nm or less evaluated by the evaluating
method according to any one of claims 9 to 15.
25, A wafer sorting method for sorting a wafer on which devices are
10 fabricated with an exposure system, wherein there is sorted the wafer having
the surface characteristic A (rise) of 150 nm or less evaluated by the
evaluating method according to any one of claims 2, 4 to 8, and 15.
26. The wafer sorting method according to claim 25, wherein further
there is sqrted the wafer having the surface characteristic B (sag) of —300 nm
15  orless evaluated by the evaluating method according to any one of claims 3 to
8, and 15b.
27. The wafer sorting method according to claim 25 or 26, wherein
further there | is sorted the wafer having the surface characteristic C

(undulation) of 20 nm or less evaluated by the evaluating method according

20  to any one of claims 9 to 15.






