DESCRI PTI ON  METHOD FOR EVALUATI NG WAFER CONFI GURATI ON, WAFER, Ayfl?( VQZER
SORTI NG METHOD 5 24/ 02/ 2006 Technical Field: The present invent?dd $ef 408%6
to a nmethod for evaluating a configuration of a wafer represented by a
silicon wafer, a wafer suitable for an exposure systemand a sorting
met hod for a good quality wafer. 10 Background Art: Recently, an
integration level in a sem conductor device has been becom ng increasingly
hi gher because of the renarkabl e i the sem conductor device
technol ogy, and with' this progrgﬁggggfgiﬁgﬂd for 15 quality of a silicon
wafer or the |ike has al so been becom ng nore severe. As one of the
i nportant characteristics required to the silicon wafer as descri bed
above, there is ' rface configurations. This is because a
hi gher integratPﬂﬂﬂhgﬁgstﬂfggﬁ%éﬁ¢@3hﬁﬁ&Y@F GODE KIS REYIIGYN:  about
m niaturization of a device size, and for instance, slight undul ation or
the 20 like on a sili YoRiBr ANDWWAFER SORTRNG METH@Ddevi ce pattern |
during the photolithography step or other steps. In addition, in order to
effectively use a wafer, there is required a wafer which has excell ent
high flatness up to the utnost outer peripheral portion (the very limt of
t he chanfte@uuigdrifielhi) of its main surface. 25 There have been
conventionally used site flatness based on the front 2 24/02/2006

The present invention relates to a method for evaluating a

configuration of a wafer represented by a silicon wafer, a wafer suitable for
an exposure system and a sorting method for a good quality wafer;

10 |
Background Art:

Recently, an integration level in a semiconductor device has been
becoming increasingly higher because of the remarkable progress in the
semiconductor device technology, and with this progress, a demand for

15  quality of a silicon wafer or therlike has also been becoming more severe. As
one of the important characteristics required to the silicon wafer as described
- above, there is an issue about surface conﬁgﬁrations. This is because a
higher integration level of a semiconductor device has brought about
miniaturization of a devicer size, and for instance, slight undulation or the
20  like on a silicon wafer may lead to faults in a device pattern during the
photolithography step or other steps. In addition, in order to effectively use a
wéfer,_ there is requiréd a wafer which has excellent high flatness up to the
utmost outer peripheral portion (the very limit of the chamfered portion) of

its main surface.

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



side reference, SFQR (Site Front Least Square Range) and others as the

i ndex for evaluating flatness of the wafer mentioned above. SFQR4/P2/28006
of absolute val ues of the respective #axi num di spl acements in the plus
side and mnus side fromthe reference plane which is a flat plane in a
site 5 obtained by calculating data with the nethod of |east squares, which
is evaluated for each site. A size of the site is generally 20 nm square
or 25 mm uare. Di Séé sure of_the lInvention: 10 Inprovenents have al so
been real ?@gdreé??e&c%’c (SiteFrast heasteSpower Bange) and aithers wistthet he
progress of the high integration | evel as described above, while troubles

have freqti¥kexior evaluatiag flataess ofd heprfen renteyet ebose 0 fFQRIit hewmardr se of
pat t er ni ngbon a wafer. These troubl es have been consi dered caused by a
factor of absdutel Baleepfithe reypedine rrdimun displeneeents i fhagluosiiegur at i on
of a wafer used in the exposure systemas well. However, the wafer is of a
| evel whizhd betoresidenfronsshe mifierney glluns edhichtik arflangbraes ush afe SFOR
therefore, a clear cause for the troubles has been unknown. Consequently,

t her e thasoldmimeh by calewlasisigt fafomwiel aheaiictigod ofVdb st 6@RMiegURAiERIsUSI Ng a
factor other .than 20 SFQR to supply a wafer not causing the troubles in

the exposewagusteitforvach¥iesn Avigdiaitide silelib SRERIRT20 Mgy LikiSrdsr Si8sG | bed

above, in particular, flatness in an innér sidé portion of the wafer is
eval uat edsgaistre. good precision, whereas there is a case where exact
evaluation is not always assured in a peripheral portion of the wafer,
especially in the vicinity of a 25. boundary between a chanfer portion and
a main surface of the wafer. 24/02/2006 3 Wth the foregoing difficulties

of the pri@kioeite bftn4'BNWentibn! S an obj ect
10 Improvements have also been realized on precision, ete. of an
exposure system along with the progress of the high integration level as
described above, while troubles have frequently occurred that the exposure
system stops in the course of patterning on a wafer.

These troubles have been considered caused by a factor of the
15  exposure system, and an influence of a fine configuration of a wafer used in
the éxposure system as well. However, the wafer is of a level which becomes
no issue when evaluated with an index such as SFQR; thereforé, a clear cause
for the troubles has been unknown. Consequently, there has arisen a
necessity for evaluating a wafer configuration using a factor other than

2.0 SFQR to supply a wafer not causing the troubles in the exposure system.
When evaluated with SFQR or the like as described above, in
- particular, flatness in an inner side portion of the wafer is evaluated with
good precision, whereas there is a case where exact evaluation is not always
assured in a peripheral portion of the wafer, especially in the vicinity of a

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



of the present invention to provide a nethod for evaluating a confjguration
of a wafer froma different viewpoint fromthe conventional SF@R/JI2{RE06
like, a wafer with less troubles in af-exposure systemor the like, and a
sorting 5 method for a good quality wafer. In order to achieve the above
object, a nethod for evaluating a wafer configuration of the present

i nvention conprises the follow ng steps of obtaining plural wafer
configuration profiles of fromthe central portion of a wafer to the edge
portion thereof Withthe fregpimg diffradiiphef thet prapeart i vigw1 @ isreaseliptied
angul ar space; providing a first region for calculating a reference |ine
for each &f thhpresent invention toerorisiera wethodibraivalirtingheonfigaragidmef ng t he
reference line in the first region; further providing a second region in
the peri prear figine dfferést wafpoirduirsinddetdonvéntishalr 8§QEngr thetlilapal at i ng
the reference line calculated in the first region to the second region;
anal yzi ng veafdb with dess( troubbdsuil by espasuredysteler-the liled,exahaesorainge)
obtained by subtracting the reference line (the reference value) in the

secondsr egnathodl foa gdod qubligpwalfdon (the actually neasured value) in the
second region; calculating the maxi num val ue anong the val ues as a surface

characteristic A @adrthachicdb THEBS6hjaNDAGné{RVBL BeshAsing Swhface
characteristic B; 20 and eval uating configuration uniformty in the

peri pher akoPRidra@dnobs 1the pHabARE ihteMish WodlpSd 368 Bhawdsd etésd iogs A and

surface characteristics B " obtained along the entire peripheral” portion of

the waf erobéaarin@ep1§99y%réxofszﬁ4ﬁg§g%ﬂrgraﬁss'oif%fﬂo %wzsgfmwo&ﬁaﬁ Jfs di vided

into areas (sites) each about quare or about 25 mm'square in which
o 2o LA BRI IEA PRy ol HeaeSiE S0 °
aver aged id’i'dsm'iﬂed g%gﬂhﬁngﬁace; providing a first region for calculating a reference
line for each of the profiles in the central side of the wafer; calculating the
reference line in the first region; further providing a second region in the
peripheral side of the wafer outside the first region; extrapolating- the
reference line calculated in the first region to the second region; analyzing a
15 value (an actually measured value — a reference value) obtained by
subtr:—icting the reference line (the reference value) in the second region from
a configuration (the actually measured value) in the second region;
calculating the maximum value among the values as a surface characteristic
A and the minimum value among the values as a surface characteristic B;
20  and evaluating configuration uniformity in the peripheral portion of the
~ wafer from plural surface characteristics A and surface characteristics B
obtained along the entire peripheral portion of the wafer. |
In the conventional SFQR or the like, a wafer surface is divided into
areas (sites) each about 20 mm square or about 25 mm square in which a

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



it is often inpossible to performexact evaluation on deterioration of an
actual configuration or the like. Especially, in this conventi @4a102/2006
eval uating method, a configuration of4the peripheral portion of the wafer
cannot be evaluated 5 accurately. A surface characteristic A (hereinafter
also referred to as A paraneter) and a surface characteristic B
(hereinafter also referred to as B paraneter) obtained by the nmethod for
eval uating a wafer configuration according to the present invention can
pr ef er abl player kgrap sxedyinexastrosOueaatheab FAR whs averagedvdtbionthiequiaaei on i n

t he peripheral portion of the wafer. Especially, by analyzing plural
surface chasaftearingidseihldtanefou base evalhastdch enidetdrtaraboalf anrmetual ong t he
peri pheral portion of the wafer as perforned in the present invention,

confi gur atbiigwaition ¥ the lilte. tDgpechaly, Phehl cop@bhiionalafvalietingbhesthedan be
evaluated. At this time, it is preferable 15 to evaluate the configuration

uni form ty donfigheatiehi dFh@kaperdidraPPopfioh E theekaferf da@iod Wi éf808000

bet ween t he maxi num val ue and the m ni numvalue of the plural surface
char acg er hsddragelf obtained in the peripheral portion of the wafer (this
configuration uniformty in the peripheral portion is referred to as A

parameter periphgr h.Bol ! ipfatitleBloMal WheraiRalilh! Qfsc)rf?éyﬁrre@t thhbs W e, it

is preferable to evaluate-the configuration uniformty 1n the peripheral

por t10n obu gl BhalJ ORc. LALELSTSE. Betusen he MEXLIUmARkue, nd the

m ni mrum value o ural ~ surface characteristi Inthe
et 01t gl abf HPLEE Bl SRR 3R BB ",
uni form t %{%@F@inéd'/tgz{:]geo 0p6reg/ebx§te inrfeer];t%I? b(lzayn paregeiarfafbﬁy ep%%?orlroxft\\rl\gf%n e%Q& surface
char acter
10  evaluation of a surface configuration in the peripheral portion of the wafer.
Especially, by analyzing plural surface characteristics A and surface
characteristics B obtaiﬁed along the peripheral portion of the wafer as
performed in the present invention, configuration uniformity in the
peripheral portion of the wafer can be evaluated. At this time, it is preferable
- 15 to evaluate the configuration uniformity in the peripheral portion of the
wafer from a difference between the maximum value and the minimum value
of tile plural surface characteristics A obtained in the peripheral portion of
the wafer (this configuration uniformity in the peripheral portion is referred
- 'to.as A parameter peripheral portion uniformity). |
20 Furthermore, ai; this time, it is prefefable to evaluate the .
configuration uniformity in the peripheral portion of the wafer from a
difference between the maximum value and the minimum value of the plural
surface characteristics B obtained in the peripheral portion of the wafer (this

configuration uniformity in the peripheral portion is referred to as B

95 parameter peripheral portion uniformity).



and the surface characteristic B (a surface characteristic (A - l?a/)di]zis '
obt ai ned fromeach of the profiles in advance, and the confi'gur314i /2006
uniformty in the peripheral porti on"®f the wafer is evaluated froin a

di fference between the 5 maxi num val ue and the m ni mrum val ue of the plural
surface characteristics (A - B) obtained in the wafer surface (this
configur ation unifornmty in the peripheral portion of the wafer is

herei nafter ref elg%)\%d to asb]&A - !5?? g@ar ter €eri pheral_ portion.
uniformity). Nor¥oRePrefenablysar differenseohetirrenothe syriase charackuistimdr al
portion of _t waf er y be evalyated with standard 10 devi ati ons of plural
surface ¢ ﬁlg#&i’fe@H@%@@%@“@UF?&%&W@% draregiezistia (4r— Bol istabhrteiness

therebet\/\ﬁfren sgéfgce chqagacteri stics (A - B)) obtained in the peripheral
portion offofh&aghpretherraites m pévancerend theonfighetioonhifgematyi imntheeasur ed
with a prescribed space wthin the wafer surface is displacenent (height

or roughnB&gpheralpartionsofgthecwafesnis erltatal from bhbffenfer Isitwfcanetier a

waf er thickness. Evaluation on the displacenment in the direction vertical

t o theéd waf@ximynt yebienaikb thd minjnossi tilee tof thephotiserMatdeidraotdrasas on t he
front side reference. Further, evaluation on the wafer thickness makes it

possi bl e {4 -pB} bbtained dhudii wafer bas€beofihisheorfaaleafibd Quiiffrekien R  the0 The
prescri bed space described above is preferably 1 min or less (but in :

excess of p&riphgral Phetipn obtie wefdr aobotahafbASHF1RIABHII(A VBS fhrHABEUr at i ON
profiles 1is preferably | degree or |less (but in excess of degree).

Especi al | periplieriab gexstibaruiif@ntop! | M:abies) thai dopifgutytibR ddifornd®y RA! 1 pher al
portion of the, wafer can be obtained by attaining plural surface

24/ 02/ 200he6 pehiphagilepostibe Sof tAB dwaifd:f angy Char &shahiedt ivfith Bsghingqt he
entire periphery
10  deviations of plural surface characteristics A, surface characteristics B or
differences therebetween (surface characteristics (A — B)) obtained in the
peripheral portion of the wafer as variations.
Here, the wafer configuration measured with a prescribed space
within the wafer surface is dispiacement (height or roughness) in the
15  direction vertical to the wafer surface or a wafer thickness. Evaluation on
the displacement inr the direction vertical to the wafer su_rface makes it
possible to perform evaluation based on the front side reference. Further,
evaluation on the wafer thickness makes it possible to perform evaluation
based on the back side reference.
20 The prescribed space described above is preferably 1 mm or less (but
in excess of 0 mm).
The prescribed angular space to pbtain wafer conﬁguration- profiles
is preferably 1 degree or less (but in excess of 0 degree).
Especially, an .index for the configuration uniformity in the

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



(al ong the peripheral portion of the wafer). Further detailed desc;igti aQn
wll be given of the nethod for evaluating a wafer configurati@ﬁL d12{RE06
surface characteristics A and surface 65 characteristics B. In the nethod
according to the present invention, as showmn in FIG 1, a reference line is
prepared in a global (extensive) region (a first region) for calculating a
reference line froma wafer configuration (each of profles), and the
reference line is used by being extrapolated to a region (a second region)
to be evalcharadensidts Asantesurdeptiearaktarmticsdd albng Hbewaftare periphery

anal yzing the surface characteristics of the second region, the surface
char act er i(slongghefpetipberagicrhioneaifithe ewabtat ed. Measuring a val ue obt ai ned
by subtracting the reference line fromthe actual configuration (an

actual ly neasurEBdrthat ugetailedr eestgpiion vailliehe ERencaf cileatreethdaxifsum val ue
is evaluated as arise (Ain FIG 1) and the cal cul ated m ni nrumval ue as a

sag 15 (Bvhludtidg a Wafed CorFheh t16RHFThe isQrialds cHREAPE i AGEOA HDsddadhe
present invention, wthout the use of the conventional SFQR or the |ike

wher eif evBhrRté98tidsS B. PIhf RS BRI eADrinkCo Ahé §IrREEMNC Snddrtfor, Sadr epar ed
in an extensive specified region (a first region) on a wafer surface,

which is gRo@hqa HI&. 98k dehdBntdEinslik ?r@;@ar@iﬁﬁ P QOBEI @Y{@éﬂ%@@q‘eg}/sﬂ fe SFQR

or the like; the surface characteristics in a Tegion to be evaluated (a

second r eﬂiré’tn:)eg%rb%r EAR thﬁ%gg)% eeﬁ@@iiﬂ@ fhoin F%gke%%%ﬁgﬂ?%ﬁﬁ% Qi?flicthhe

reference line prepared In nsive sSpecl regi rst

0] on) BRI RS oA Bl SO SRS B,
r2n4/s g|2{ Sggg% %nidr:]r\égl%tnB 2'be 'Ae‘inuealtgd ispxc}tl gg the %%%ilf) %ra?lypsc;[r irgn(o%%ﬁg wafef for
10  analyzing the surface characteristics of the second region, the surface
characteristics of the region béing evaluated. Measuring a value obtained by
subtracting the reference line from the actual configuration (an actually
measured value — a reference value), the calculated maximum value is
evaluated as a rise (A in FIG. 1) and the calculated minimum falue as a sag
15 (BinFIG. 1).
In other words, in the method according to the present invention,
without the use of the conventional SFQR or the like wherein evéluation 18
performed on éach sife, a reference line is prepared in an éxtensive specified
region (a first region) on a wafer surface, which is an area larger fhan the site
20  size to be evaluated by the SFQR or the like; the surface characterisﬁcs ina
reg_ion ‘to be evaluated (a second region) other than the first region is
eva_tluaterd based on the reference line prepared in the extensive -épeciﬁed
region (the first région). |
A wafer most suitable for an exposure system can be defined by

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



occurrence frequency in a device pattern) is mainly due to the surface
characteristic A In a preferable wafer, an average val ue of it2412420806
characteristics Ais smaller than 150" Am As for an abnormal stop or the
like 5 of the system it becane clear that frequent abnornmal stops or the
| i ke occur in a case where there is locally present a |arge change in
val ues of the surface <characteristic B obtained by evaluating the'

peri pheral. portion of the wafer according to the nethod for evaluating a
vaf er confRGIHHL-onfof1¢He 1By Bt xposkee sviiom (Fucheas omcmésadignmeniuent
abnormal stops occurred in a case where 10 a difference of the maxi num
val ue and OEHETHGH MARPALYIdToR Bevical pajteridcie nohalyader tstthe ssudfadet ai ned
within the wafer surface (the B paraneter peripheral portion uniformty)
i s | arger chaearteogind. Therepoeferalde wahfer, anpateragbt whlue dfottsthafaxposur e
system has the difference of 600 nmor |ess. Mreover, when evaluation is

per f or med chitdvteristidsf 2 ienmallbetheed56nm. 18s o 4:26Bn6RaaRslp drghb GilA and a
surface characteristic B, that is a surface characteristic (A - B), wafers

to be &isedf the jistemx fidsicaen Sylshe therfe HeontPiRBr &Rl st &Y sthd Ak o8and waf ers
and poor wafers. That is to say, a wafer .suitable for the exposure system

has the did ﬁeamhef@th/&@@sld%ﬁll?‘?ﬂ_eéﬂgﬁa 1% @ddien A dihvhﬁlmaﬂbt £ s\A\(gng% of

plural surface characteristics 20 obt al ne er surface

(the (A - cEiraPafadfRl BloWEHdA R AvaRBltidOthe BELBRLMIYGBh & @LSLARLY 500 nm

or less and nore preferably 4 nm or ["ess. ose val ues of the

' ™ abl i . of
boundary (anrarEyr e paelf forbtea g pEvEled ABRER ol B B BRble Sccona

5051 RO 0o T R ERLS o
of the waf QirrdEnESHE ﬁﬂ?egm%x‘fﬂﬁﬁ ggxlu%oe{ﬁd ﬂ{]e) minimum value of plural surface
characteristics B obtained within the wafer surface (the B parameter
peripheral portion uniformity) is larger than 600 nm. Therefore, a wafer

most suitable for the exposure system has the difference of 600 nm or less.

Moreover, when evaluation is performed with a difference between a
15 surface characteristic A and a surface characteristic B,.that is a surface
characteristic (A — B), wafers to be used in the exposure system can be
- precisely sorted into good wafers and poor wafers. That is to say, a wafer
-suitable for the exposure system has the difference between the maximum
value and the minimum value of plural surface characteristics (A — B)
20 - obtained within the wafer surface (the (A — B) parameter peripheral portion
N uniformity) of preferably 500 nm or less and more preferably 400 nm or less.
Note that those values of the above surface characteristics A and B
. are evaluated by using data With a boundary (an arbitrary pbsition X)
between the first region and the second region at a position having a distance

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



The wafer described above has not extrene sags and | ocal sags in t}1e

peri pheral portion of the wafer when evaluated with the surface4/02/2006
characteristics A and B. 5 Wiile there8are conceivably a variety of wafer
manuf acturing processes for manufacturing the above wafer, for exanple,
where a wire saw is used in a slicing step, slicing is perfornmed such that
no abnormal cutting-in by a wire occurs in the peripheral portion of the
wafer. In an etching step, a contact area of a wafer with an etching drum
f or suppomperpgerdepontivarofithe ¥oafat fixtegiadg aldhamfeagpertion). udi ng a surface
grinding step, no grinding striation 1is generated. Sags in the peripheral
portion of the wahewafered¢sweribedpiboge hne nopeeiremead ¢k mahlgeisngs imihe There
are avail able a process for manufacturing a wafer under controlling a

pol i shi ng ppripdstile wortiohe ¢ferthehewafer paFlidioneefluatdte wafter thid surnfadd shing
step and ot her steps. As described above, various 15 inprovenents can be
att ai ned ichatdcePssioés & e Br manuf acturing process, and hence no specific
limtation is inposed on the manufacturing process for the wafer. Even

when aswafer is WaRk §RbM eeDYodBRANDIPT a VAIHQYS of B ARIS nthufdlgeidgoed
above, it is difficult to perfectly manufacturé wafers falling within 20

the rangey %&@ﬁ?%ﬁ&%ﬁtdﬁﬁé%?%ﬁo&é‘ﬁ%ﬁﬂ?& e%&%%@ WaleSl 8 WigRahavi ng a

di fference between the naxinu ue an & mni val'ue of the plural

S TR S e s S
cont "S85 RS bR 2Bt T SRR
t2 ﬁ'/EOZ/ zoogongtag% fzﬁ'gar %? %ew% érm%en[,}l te@leetc Xrilgnﬁ%r\ﬁa ol%es@pnpdortcirﬁeg trﬂen%v%enﬂ i/sal ue of
10 minimizéd. In a case including a surface grinding step, no grinding striation
is generated. Sags iﬁ the peripheral portion of the wafer due to Iapp'ing-are
prevented from generating. There are available ;';1 process for manufacturing
a wafer under controlling a polishing pressure on the peripheral portion of
the wafer in a polishing step and other sfeps. As described above, various
15 improvements can be attained in steps of a wafer manufacturing process, and
hence no specific limitation is imposed on thé manufacturing process for the
wafer.
Even when é wafer is manufactured by means of various methods as
described above, it is difficult to perfectly manufacture wafers falﬁng within
20  the range above described§ therefore there are sorted wafers each having a
| difference between the maximum value and the minimum value of the plural
* surface characteristics B (the B parameter peripheral portion uniformity) of
600 nm or less obtained by the use of the method for evaluating a wafer
configuration, the sorted wafers being preferably used in an exposure system.

25 - Furthermore, there are preferably sorted wafers each having a -



obtai ned plural surface characteristics (A - B) (the (A - B) paraneter
peripheral portion uniformity) of 500 nmor less, the sorted waRd/0BE2096
used in an exposure system Mrre prefgrably, there are sorted wafers each
having 5 a difference between the maxi frum val ue and the m ni mrum val ue of
the obtained plural surface characteristics (A - B) (the (A - B) paraneter
peri pheral portion uniformty) of 400 nmor |less, the sorted wafers being
used in an exposure system Thus, by the use of the nethod for eval uating

a wafer c | ty] 0;10f S i pyention.. wafers are sorted and
t he sortegﬁv\%a g?? Ba?rqg’eﬁgslet |r11]El A}gﬁnq{engpgésl&fe ears@s%nfm%bl%ﬁ'lﬁget é]gs Bt he
i ke of t e_remar kabl y \r educed. i ef Description
of the o oy ined TR KRR e QR (F 7 WDC e i g Gnemeraal | y

t hree-di [.enal, rel.ati ons be reference line and a first region and
a secong5 ?@Bﬁ%%alipr?rbﬂs Wpéfoﬁﬁjd%\fﬁg?gg@&‘lnﬁﬁ’f ﬁer‘?ﬁ’ eaortad walers G nee
according.to the present i rMenti on; giG 2 is an explanatory view show ng
a first r&b?’é}r‘?xﬁﬂ%‘%& %’ége&ﬂd o1 nretprahl; khensenesored Waleraoathubaving a waf er
confi ing to the npresent invention; FIG 3 is an explanatory

rati accordin
vi ew show? ﬁe%‘?aﬂ%'i"\éee@f the magiguR gralue and, ghe gninimum evalae rddthieor |
eval uating, a.wafer configuration according to_the present invention; 25
FIG 4 isg%iag?%f{)wlgﬁfév\ﬁ%faﬁ%lqb@rmtgrlﬁ@ﬁ -aBletbar @rentBlpparmeter. - 10
24/ 02/ 2006 a peripheral portion of a wafer S1 and each of A and B paraneter
val ues i npermgemﬂl@ogt;lon uniformity) of 400 nm or less, the sorted wafers being used

In an exposure system. ' .
Thus, by the use of the method for evaluating a wafer configuration
10 of the present invention, wafers are sorted and the sorted wafers are used in
an exposure system; abnormal stops or the like of the exposure system may

be remarkably reduced.

Brief Description of the Drawings:

15 FIG. 1 is an explanatory view showing schematically
three-dimensional relations between a reference line and a first region and a
second region in the method for evaluating a wafer configuration according to
the present invention;

FIG. 2 is an explanatory view showing a first region and a second

20 | region in the method for evaluating a wafer configuration according to the
present invention;

FIG. 3 is an epranatofy view showing an example of a region for
evaluation in the method for evaluating a Wafer.conﬁgu'ration according to
the present invention; |

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



FIG 5 is a graph showi ng rel ati ons between a neasurenent point in a
peripheral portion of a wafer S2 and each of A and B paraneter ¢&4/R23/2Q06
Example 2; ‘FIG 6 is a graph showi ng rfélations between a neasurenent point
in a peripheral portion of a wafer S3 and each of A and B paraneter val ues
in Exanmple 2; FIG 7 is a graph show ng rel ati ons between a neasurenent
point in 10 a peripheral portion of a wafer S4 and each of A and B

par aneter val ues i xanple 2; FIG 8 is _a graph showi ng rel ati ons between
a neasur effeft rﬁpppﬁoggé%r‘ﬁfﬁérséla%?@@}bﬂfg Bfand Fepaenssenpalueadh of A
and B par ter values in Conparative Exanple 1; 15 FIG 9 is a graph
show ng B?%;Pé&l@tler peripheral portion wuniformty in each of the wafers Si
to S5, FIG 10 is_a graph showing (A - B) paraneter peripheral portion
uniformty in ealbH3 -0t 1stthgrapdy Srosvisg relnt®ms Heb@eed & mseasursoeanpbint iai de vi ew
showi ng an essential structure of a 20 first enbodi nent of an apparatus
for eval uatheatpherabperticoont 4 guafat S@randeadr of AgpridBt reraptatsenblieavant i on;
and FIG 12 is a schematic side view showi ng an essential structure of a

second enBadimpdet; of an apparatus for evaluating a wafer configuration
according to the present invention. 25 - 11 24/02/ 2006 Best Mde for

Carrying Qut thefliCh\easti maphhoedhgeelasiont bebResteh hochfRemavdbbaiting a
waf er confi guration
a peripheral portion of a wafer S3 and each of A and B parameter values in
Example 2;
FIG. 7is a graph showing relations between a measurement point in
10  a peripheral portion of a wafer S4 and each of A and B parameter values 1n
Example 2;
FIG. 8 is a graph showing relations between a measurement point in
a peripheral portion of a wafer Sb ahd each of A and B parameter values in
Comparative Example 1;
15 FIG. 9 is a graph showing B parameter peripheral portion
uniformity in each of the wafers S1 to S5;
FIG. 10 is a graph showing (A — B) parameter peripheral portion
uniformity in each of the wafers S1 to S5;
FIG. 11 is a schematic side view showing an essential structure of a
20  first embodiment of an apparatus for evaluating a wafer configuration
according to the present invention; and |
FIG. 12 is a schematic side view showing an essential structure of a
second embodiment of an apparatus for evaluating a wafer configuration
according to the present invention. |
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according to the present invention are described in detail below wth
reference to the acconpanying drawings. 5 FIG 2 shows schemati @4/48242006
configuration of a wafer W General | y,11-a peripheral edge portion of the
wafer Wis chanfered to prevent cracking or the like, a chanfered portion
Wn being fornmed. Usually, this.chanfered portion Wnis ignored in

eval uating a wafer configuration, and out of an object of neasurenent. 10

Eval uating a wafer, configuration (a wafer profile) is often perforned on a
regi on of.%ﬁsﬁ&f"tﬁlesf%%néﬁ@“%%&!“t dnganEenW whi ch is formed by excluding an
area wth the wwdth of about 3 mmor about 2 mmfromthe chanfered portion
Whn of the wafer ¥nbpgigaemis of theemathoilifor evebuptingd wafeveinfagwatioa regi on
which is forned by excluding an area with the width of Immfromthe 15
chanf er edafforeingn tor then@ressyitomvantidme arer yedaritiel of ddtailbdehsdaryithet ween
the main surface and the chanfered portion. "Therefore, while there is no
| i m tati oteferenchdodhalvetmpanyiegidrawinspeci al |y, the excl udi ng area),

consi dering neasuring precision and the anal yzed data precision, in the

presert state itFliG Jwleimerahemadtivatlyal erifRrirhion @9k be e dicbyrake! udi ng
an 20 area with the width of about 1mm FIG | schematically shows

di spl aceneptriphetdii aigagrstioh of thekfaeLWis cldiffered €5 pWvehtBhAiREIRose of -
the nethod for evaluating a wafer configuration according to the present

i nvent i ontheslike, gudaifyed bsRSo0 WERBSinMiraibd@r ¢jLasl on an
area with the width of abogt 10 mn ofH% er25 peri phe?’éﬁh%g?ﬁ%?\&gg t he

waf er ( 1Gdrfiohr WihtiBgeahad &1 @9aRRkidL] M&Fn%&fﬁg%?é@%%%ﬁ Cll{]? bg, et hod

for evaluating a wafer configuration accor resent i nvention,
as shown difedt!Bmdasudemeherence line 10 is prepared within

10 Evaluating a wafer configuration (a wafer profile) is often performed
on a region of a main surface Wn of the wafer W which is formed by excluding
an area with the width of about 3 mm or about 2 mm from the chamfered
portion Wm of the wafer W. However, recently it is required to evaluate the
region which is formed by excluding an area with the width of Imm from the

15  chamfered portion or the region to the very limit of the boundary between the
main surface and the chamfered portion. | Therefore, while there is no
limitation on the evaluation region (especially, the exéluding “area),
donsider_ing measuring precision and the analyzed data precision, in the
present state it is preferable to evaluate the region formed by excluding an

20  area with the width of about Imm.

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

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



an extensive region (a first region) WL for calculating the reference |line
ina wafer surface fromthe basic configuration of the wafer VR4/H2/2006
reference line 5 10 is extrapol ated fd2a region (a second region) W2 to be
eval uated on the peripheral portion of the wafer, and is used thereon for
anal yzing the surface characteristics of the second region W2 for

anal yzing the surface characteristics of the region W2. A value (an
actual ly measurcid x{lal ue.- a.reference value) obtained by 10 subtracting
the reference | iRdnegnethadlos capluating aayaiet evnlzgriaéonaaccordingitgdhat i on (an
actual |y neasured value) of the wafer is neasured, and the neasured
maxi mum vBTS§ENT NveRkona fe hawninglelG A, a vederenge limedl hrismmenared withén bei ng
eval uated as sags B. It is to be nqoted that, in FIG 1, designated by W
is a cent?aEXisaEiveorpeon s fasterogion) W fan caltgtatpuy thorefoferichdinmirea, and 15
X is a boundary between the first region WL and the second regi on W2, which
i s provi deateatsuafacafiim thebasusidrifiguration toff hestafed Widhe evfdruatd igea waf er
configuration by preparing a reference line, a configurati-on of a wafer is
measued W thextrppelsted bed sqeoe (aorcend vediank Wi 1o he swflested he theasur ed
waf er configuration is successively 20 stored; a configuration profile of
from t he weiherhl partidmool the whferhendvif @sedWheeor R £LEE-iRSthé QlrMée t her eof
as shown in FIG 3 is obtained fromthe stored configuration; there is

cal cul at edhazactefigtienicef | thee sgrohd eBRANCWY #rofanbiieinki thé koGheH W
provided at an arbitrary position away fromthe central  portion (in the

radi al didhaeidteristits bheheafgesn Wand then a difference between a 25
configuration (an actually neasured value) at an arbitrary position (in the

24102/2006 - 13 AlvaGd (aGHhualipSndWRhitbd YALKDE S8R IKE) YRtalifed B o1 ence

value)of the reference line 10 at this position I's analyz
cal cypat edbi@icting $HEf A9Brence line 10 (a reference value) from an actual

configuration (an actually measured value) of the wafer is measured, and the
measured maximum value is evaluated as rises A, the measured minimum
value being evaluated as sags B. It is to be noted that, in FIG. 1, designated
by Wc is a central portion of a wafer, We is an edge portion of the wafer, and

15  X1is a boundary between the first region W1 and the second regi;)n W2, which
is provided at an arbitrary position.

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

20  stored; a configuration profile of from the central portion Wc of the wafer W to
- the nge portion We thereof as shown in FIG. 3 is obtained from the stored
configuration; there is calculated a reference line up to a boundary X of the

' first region W1 provided at an arbitrary position away from the central
portion (in the radial direction of the wafer); and then a difference between a

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



characteristics. The prescribed nmeasurement space on the wafer surfac;z
should be 5 preferably within 1 mm The space is naturally noré 808G
but by performng evaluation with thdasmall est possible space, nore
accurate configuration can be quantified. The reference |line may be
approximated by a straight line or a curved line nost well reflecting a
configuration of the central portion of the 10 wafer W but usually the
central portion of the wafer Wis polished to a high flatness |evel, so
that the défestiencef thaevaforf thicknessrand maveliehat rrdexameai @aiue)ﬁlﬁ%@, Her e,
an arbitrary position X of a boundary between the first region W and the
second r egefeneM® fise j0eftethabippsipioovisdethiptedato be batoudate dpaesihtel rfd® in t he
radial direction of the wafer Wand in an area (an area where the first

regi on i schsrgxé@mitsve as possi ble) of the wafer Wwhere no peripheral sag
nor rise is generated. For instance, usually sags and the |ike occur in the

area outside ofThdouscibedMnansirdnidii ifiRe Par tHheafr egdeccoshdula beaf er, so
that the arbitrary position (boundary) X should preferably be provided at .

a 20 pesi piroRraflyapRHIn I0mIN aVRY shhednd hetwallyPheralthado® noh, bhe byafer. |t
is preferable to prepare a reference line or a reference plane at a

pOsi ti on @byfAlm MM AMRYathsP Withe tRE nélﬁﬂleéiobg)ééi’ﬂleo% hbe waferadcardfee case

of an 8 inch wafer 20 mmin dianeter) and at a p05|t|on of 120 mm away

fromthe gght R B ghintiRggcase of a 12 inch wafer (300 mmin
di aneter). %\E\%lro 5&605?“ on may be freely changed so that the
wafer quality c a 0 I he
nmet hod of cal cul éﬁ%aﬁ %Jé&srhglgl %ﬁ(g r%ﬁ)g)?:gglc ar ac% %%ﬁ%gﬁé ¥mg & &

curved line most well reflecting a configuration of the central portion of the

10  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 boundary between the first region

W1 and the second region W2 is preferably providéd at an arbitrary positibn

15  in the radial direction of the wafer W and in an area (an area where the ﬁrs.t
region is as extensive as possible) of the wafer W where no peripheral sag nor

rise is generated. For instance, usually sags and the like occur in the area
outside of about 10 mm away from the peripheral edge of the wafer, so that
the arbitrary position (boundary) X should preferably be provided at a-

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

mm away from the central portion of the wafer in the case of an 8 inch wafer
{200 mm in diameter) and at a position -o_f 120 mm away from the central
portion in the case of a 12 inch wafer (300 mm in diameter). However, ‘;his

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



eval uated by preparing a reference line, a configuration profile of a wafer
W of fromthe central portion W to the edge portion W is obt 3id ¢/3006
reference 5 line of fromthe central "Bértion We to an arbitrary position X
is calculated; then there is analyzed a val ue obtained by subtracting a
reference line at an arbitrary position in the range of fromthe arbitrary
position X to the edge portion W froma configuration at -this position [a
configuration at an _arbitrary position (an actually nmeasured value) - a
r ef er enceM9shacetrately10 arbitrary position (a reference value)]; and the

maxi mum val ue armn% the analyzed values (usually the positive maximum

di spl acement andimithegnethas ofrpalqulabing fihe kpewBc diffher enaxartdristicsitodieat ed as
the surface characteristic A (rises). This surface characteristic A

quant i t at evaliptédhby gaepariag e sifexpnee dimkj guwoafigoration phefilpexfiaptwefeal Wpor ti on
of the wafer. 15 Also, a configuration profile of fromthe central portion
We of t heofxérbar the/ cemttdlepeetige Worts tlonedige pertinhi Wienedbtainedf £ refeeendei ne of
fromthe <central portion to an arbitrary position X is cal cul ated; then

there 5 s Hnaloffesin thevaingealofiraioneWelty s bibigfdrynshsitibeeieadeulsiteg at an
arbitrary position in the range of fromthe arbitrary position X to the

edge portilyh Werk 19Bmalyedconding whadined tit sttt SctBash rbfRehd BEAALE gur ation
at an arbitrary position (an actually neasured value) - a reference |ine

at an ar b&ﬁHiﬁfaY?r%%itﬁéIPm (318 réﬁ%@bﬁﬁ'ﬁﬁn}fﬁb Uehitra AN HodiPBnX to AR feUE anong
t he anal yzed values (usually the negative maxi mim value) is cal culated as

the surfaggtihWadtem 8t benfBni9898) at Hhis Pﬁk&%{oﬁﬁ $a %ﬁﬁ%ﬁ%&{ibﬁ t4iC ﬁgr N

guantitatively indicates 25 a sagging configuration on-the perip

por 1 on okl 16024A000, hec L DB €GN ADUENT 3D o0 lpOr der T

eval uate t providing a plurall measur i ng

POSI tiPNSy 356k Bl GRIES BY rbffe R §896)]; and the maximum value among the

analyzed values (usually the positive maximum displacement amount or the
maximum thickness difference) is calculated as the surface characteristic A
(rises). This surface characteristic A quantitatively indicates a rising
configuration on the peripheral portion of the wafer.

15 Also, a configuration profile of from the ceﬁtral portion We of the
wafer W to the edge portion We is obtained; a reference line of from the
central portion to an arbitrary position X is calculated; then there is analyzed
a value obtained by subtracting a reference line at an arbitrary position in
the range of from the arbitrary position X to the edge portion We from a

20 configuration at this position [a configuration at an arbitrary position (an
actually measured value) — a reference line at an arbitrary position (a

- reference value)l; and the minimum value among the analyzed’ v'alues
(usﬁally the negative maximum value) is calculated as .the surface
characteristic B (sags). This surface characteristic B quantitatively indibates

25  asagging configuration on the peripheral portion of the wafer.



line in FIG 3, configuration profiles of fromthe wafer central portion W
to the edge portion W (excluding the chanfer portion Wy are 84t/R444004%
5 each given angul ar space (0), and suéh a one-di nensional analysis is
performed for each of the configuration profiles, thereby the. surface
characteristics A and B being obtained. As a result, plural surface
characteristics A and B are obtained along the wafer peripheral portion.

It is especially preferable to analyze a 10 configuration profile radially
al ong about 400 i1 ks presenh layrpiicy. kpacdento syalnate degrdwlorwiigss)
within the wafer surface. Wile the value of the angular space is

nat ur al | y previduees plofallydd gadia] measyriegauisitond aatidotedbydde dustddr ned in
t he waf er peripheral portion with the angular space of 1 degree or |ess.
Not e t hat line insFiF&f epabperdtonperdidesot e ghe emfex cdntdiingomion Wk
including a notch, an orientation flat and a letter printed with a | aser

mark  becahs edgbegraivhsWealeselvdbie thelchdatfar g@asiiby . WM ereelartingV dwat i on
can be performed than in a conventional wafer configuration evaluation by

usi ng sur bage ghenaghgilast bgdceA@NhB dudh addhbiBmensivablainafsigals be
performed on configuration uniformty in the 20 wafer peripheral portion by

anal yzi ng Rjgt;?f:ﬁ@& €haraaeh ebf SfheC %o{eﬁgﬂfiatﬁnﬁl SBiled h,@hé&%ﬁﬁr tRer d sl

portion. an eval uating apparatus for performng the above eval uation

i's descri gggabgﬁ%icsFAgndjgbbﬁlgaO&mu c explanatory view show ng an
essential structure of the apparatus for evaluating wafer configuration 25

di to th [ [ 2 ' f
241 021 2006 -16. CohTs DO BTah e EPERApHRe R Ll IPNR el 1 e

oo cachonthe RARLYBlrApRlraf RRAALCTEN cBhodlaty'sheRFa0 & RIFL W W' ON

10 conﬁgurétion profile radially along about 400 lines (at an angular space of
about 1 degree or less) within the wafer surface. While the value of the
angular space is naturally in excess of 0 degree, very exact evaluation can be
performed in the wafer peripheral portion with the angular space of 1 degree
or less. Note that it is preferable to perform evaluation excluding parts

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

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

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

Next, an evaluating apparatus for performing the above evaluation
_is described below. - FIG. 11 is a schematic explanatory view showing an

essential structure of the apparatus for evaluating wafer counfiguration

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



stand 22, and a displacenent nmeasuring unit 26 having a displacenent gauge
24 equipped with a | aser oscillator or an autonmatic focusing 5 { 06
conputer 28, etc., and optically nmeasdbes shifts in the distance fromthe
previously calibrated reference point as the displacenent. In the
enbodi ment shown in FIG 11, the displacenment neasuring unit 26 functions
as a configuration nmeasuring unit. The test stand 22 is a stand used for
pl acing thereon a silicon wafer 10 Was an object to be neasured. The
di spl acenemfigimagenzhovwer an FAppddatsums appardtus adgedtfongershaseenbearh with a
prescri bed space onto a surface of a silicon wafer Wplaced on the test
stand 22, aaalysfoof dizplanaent afHeNerfhas ef aowafdreW, wikieh icompsegsas tédte | aser
beam The displ acenent gauge 24 is equipped with an automatic focusing
mechani sms{an0t 23hewd) a d@Bplacbingnauhesirige haGsigtalmdamachaplammantpr ovi ded
with, for instance, a CCD (Charge Coupl ed Device) canera (not shown), an
aut omat i Cgmg@smge@ifjﬁéﬂtwﬁﬂlpta SIAQ¥N) gscAltoPt Bl $n  aftdh £ Rehemgtical ly
focus on an image reflected fromthe silicon wafer of the | aser beam which
I's emg t egdchMsull® Rt 98! bicAlAid optielH BBhAGSERAIIAPAR AdtdRBSUr €S
t he displacenment froma 20 reference point when focused by the automatic
focusi ng i : i t I.Spl.ac - @l e uter 28.
el a iﬁw@aﬂgpdggﬁ&%&d flﬁ%géﬁ%g (@gﬁfg?%gg%gplh%ﬁe@. THYHR

The conputer 28 i's equi wth a rocessing Unit), an RAM

(Random -n%@%q{ ﬁg\q : Q@g{) Eggﬁ er 28
into whic ?%gl I'sp acennggf da éi%ggt(aﬁ)s@gg‘?er om Iﬁég%‘lng%ggggn%ﬁn]g gltguge 24
are input . | ysS] I amstored in the ROMusing the 17

24/ 02/ 200%° &E@qggﬁ%%\l/\%p _eéglé%,ngéln J_c”cal culates the surface characteristics A’
and B O e oA oW o PSPl FISIREER SRl S TSR L e

10 W ag an object to be measured. The displacement gauge 24 is an apparatus
for irradiating a laser beam with a prescribed space onto a surface of a silicon
wafer W placed on the test stand 22, and for instance,- a HeNe laser or the
like is used as the laser beam. The displacement gauge 24 is equipped with
an automatic focusing mechanism (not shown), and this automatic focusing

15 mechanism is provided with, for instance, a CCD (Charge Coupled Device)

‘camera (not shown), an automatic focusing circuit (not shown), and others,
and can automatically focus on an image reflected from the silicon wafer of
the laser beam which is emitted from the laser oscillator.

The displacement gauge 24 measures the displacement from a

20 reference point when focused by the automatic focusing mechanism, and
inputs the displacement data into the computer 28.

The computer 28 is equipped with a CPU (Central .Processing Unit),
an RAM (Random Access Memory), an ROM (Read Only Memory), etc. The
computer 28 into which the displacement data cutput from the displacement

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



data with the CPU. The surface characteristics are paraneters especially
used for evaluation of a peripheral portion of the wafer. 5 In 3é{dI2/3P@$, -
the conputer 28 conprises a storage médns for successively inputting and
storing configuration data obtained by the displacenent neasuring unit
(the configuration neasuring unit) 26, and a surface characteristic
calculating unit for reading a configuration data (an actually neasured
val ue) of _fraomthe central portion of the wafer Wto the 10 edge portion

t her eof f F&ﬁﬂ%@ work aige. audicaleulatien she awrfage eharetwrints A and Hef theef er ence
value) fromthe central portion of the wafer to an arbitrary portion, then
anal yzi ngWalsnauaity secersing to vhempessantthveative framrtbe énpat disphdcesjentobt ai ned
by subtracting the reference line or the reference plane froman arbitrary
posi ti on, daidvwedt the ARTLg The sanfaky zhdratitéfistienase pardmetsasrdspedallys
characteristics. FIG. 12 is a schematic explanatory view show ng an
essent i al used forevahetiom effropasapherdiqairtiontof dfie Wagerappar at us for eval uating
a wafer configuration according to the present invention. |In another

enbodidment fdn otleer appdsatths tehpeved WAt icompaislf &1 seRRkd aMbaht ORy 2
t hi ckness may be 20 neasured with a flatness neasuring unit based on an

el ect r ostatdeessivalpadifatiog Syt %B&:ﬂiﬂ% PéaERRhtidhSRhAr &SRAn Hyhgnyaf er

surface. The flatness neasuring unit based on the electrostatic

capaci t antiepRisin@Rt iﬁeé!fu@izhg ﬁ%i@(th@!c%ﬁﬁgft?aﬂﬁfl%a%ﬁ?ﬂ{cgaﬂﬂm o QUL pped

wi th a. thickness gauge 3 conpri sing ectrostatic paci tance type of

upper anogdr%@rc}ma%&ﬁtﬁ%lcaaﬁ@%;@ggggdﬁ oD chRAbulfforabe] (1S held

bet ween them as shown in FIG 12, T8 neasur es
L kDot bl VA SR8 L0y SRR pRE RSP U5 ot
10  edge portion thereof from the storage device, calculating a reference line (a
reference value) from the central portion of the wafer to an arbitrary portion, |
then analyzing a value (an actually measured value—a reference value)
obtained by subtracting the reference line or the reference plane from an
arbiti'ary position, and calculating the analyzed difference as the surface
15  characteristics.

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

20 measured with a flatness measuring unit based on an electrostatic
capacitance system In place of displacement of the wafer surface. The
flatness measuring unit based on the electrostatic capacitance sysfem is used
as a thickness measurement unit 34 equipped with a thickness gauge 32
comprising electrostatic capacitance type of upper and lower s.énsors 32a, 32b

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



respectively. As the flatness neasuring unit based on the electrostatic
capaci tance system a commercial non-contact type of wafer thicRéH2/B8006
fl atness and BOW WARP neasuring unit-38ch as Utra Gauge 9900 produced by
ADE Corp. may be used. The apparatus 30 for evaluating a wafer
configuration shown in FIG 12 conprises a wafer holding jig 36 for
holding a wafer W the above -nentioned thickness neasuring unit 34, and a
computer 28, and is used for 10 neasuring a thickness of the wafer W In

t he enbodam@énmneshows tihe MliGknds of the wileckWeby measunigghendist@resunct i ons
as a configuration neasuring unit. Thus, any type of eval uating apparatus
may be usketwsdehhihiot semsyrssP2a,i F3bcahd mippat iaad, lopeowudiedes hhithed WacEanV\{)i nely
and accurately evaluate configurations (irregularities) of the wafer W 15

The surf aggpehtiaveg! essthe laAnasd nbe ey antitbadedror lthe basttsosthtithe
di spl acenent or thickness neasured as descri bed above. Specifically, the

r ef er encecdgai@tainge asystdla, Gl eulmbridabhoe@nsad§ tipe ofeliads: ohidkeasd, squares
and other methods. Therefore, as to the space with which data are to be

sanpl ed, fafRsti ARA . BOW/WaARE medP@GhE 6alt ¥ucR RS OD®fral @hdgsel @0bhe space
should be 1 20 mmor |ess. Next, the configuration evaluation using the

surface %d%l%ge)?%]?;%ﬁ%??um& astyally calculated by the apparatus for

eval uating a wa ration according to the present invention is

d i bed bel ' ' i : f;
char actor sti oot ARIPESF oY EE IO LR T R BB RN R B o

fil ' .eof.. S 06, 5 f
Phe surt akk REPRRecE, el hAEHER iy g Bl ARLMBEa Rals 0 e R Ol 2T ne

the surf Q(I:I?enct?(%{e%cghel&lir%sls %ﬁeéb‘suarﬂgg %nits,?»ﬁgra%%ra? E:nc;rr%%u & 2§,aacrpd is used for

10 measuring a thickness of the wafer W. In the embodiment shown in FIG. 12,
the thickness measuring unit 34 functions as a configuration measuring unit.
Thus, any type of evaluating apparatus may be used without any
specific limitation, provided that. it can finely and accurately evaluate
configurations (irregularities) of the wafer W.

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

20 mm or less. |
Next, the configuration evaluation using the surface characteristics
A and B actually caleulated by the apparatus for evaluating a wafer
configuration according to the. present invention is described below. FIG. 11s
) a view showing values for the surface characteristics A and B of a pre_scribed

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



profile. Furthernore, the analysis programis a software eval uati % an
average val ue, a standard deviation, a naxi mum val ue and a mi ni 02/ 28 0%
of plural surface characteristics A "B9r (A - B) obtained fromprofiles
along a peripheral portion of the wafer. In the analysis program as for
the surface characteristic A thickness data of a mrror polished silicon
wafer are read with an arbitrary space (about 1 mm on the silicon wafer
fromthe central portion thereof 10 toward the edge portion; then a

r ef er encebragien of fhe paréateehargcienistion ealeidstingdmeans namrpatationsiore fir st
regi on by neans of the nethod of |east squares; a difference between the
r ef er encecdlcnlating the confacguelsriaoteristica deevddBrisgporgraroned fevaaght ed is
cal cul ated, and the maxi nrumvalue within the area is analyzed. 15 As for

t he surf apeofdbar Hordrdratdre, Bhe tdradksiesgrogadm of aasafiwaxr evabildtsigednsi | i con
wafer are read with an arbitrary space (about 1 mm on the silicon wafer
fromthe gestagalvabod,ta sandiel dofiationsd thd:die et geluyeaidd aniinidham aalueef er ence
line is prepared using the thickness data in an extensive first region by

means Hf shgduiel fiadaef cHeasierdaivare B oA alBiebahinaidfesin iy ofssdlbhg act i ng
the reference line froma configuration in a second region to be evaluated

i s cal cul géefhe@hottibn BF thdwigraral ue within the area is analyzed. The
anal ysi s descri bed above is conducted on each profile along the peripheral

portion.of the vgf@he BYal38al YobHiGirs U:aq8: GARr 8GEBE SIHALIRIARE B,
obtained fromthe plural profiles, unitormty (varitation) of a

conf i gur afyiQhdda d&é,&f@ﬁﬂo&@ﬂ%ﬁ%ﬁ% I0f o atﬂaerg‘é’éfﬁthiﬁ evakigied. To

be concrete, evaluation is -2 perrorned on an average val ue, a

standard é}:ga[‘éiea(taibg\ﬂt lan@?éi?ﬁ;{ﬂ&:lgilrlﬂgn xg%fe?‘i ﬂbﬂu{ﬂev%ﬂﬁ'a?'i‘)%rﬁﬁﬂe{h%r&{f surface

characteristics and eren
10  toward the edge portion; then a reference line is prepared using the thickness

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

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

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

The analysis described above is conducted on each profile along the

peripheral portion of the wafer. By analyzing surface characteristics A and B
obtained from the plural profiles, uniformity (variation) of a configuration in

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



bet ween the surface characteristic A and the surface characteristic B

(hereinafter may be referred to as a_ég[face characteristic (A 242)02f20R6

B) 5 paraneter). Wth the apparatus r evaluating a wafer configuration

according to the present invention described above, by reading into a

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

t hi ckness data neasured with an electrostatic capacitive type thickness
rument . there .can at.ed surface characteristics A

measurin i.ns be cal cu

od B, R ROR et h TreTpe AOHEHSR. BORCR BRI AT IENEr 5.  As
descri bed above acicordi ng.to (tahe I]Qres nt invention, a_surface

confi gur 2P B ER Yl Aad otherseh st %Ceac(?"é‘éﬁ?tﬁﬁ@rﬁﬁﬁ Apnd iboer afedesncean be
eval uat eg}i)accuratel y on the basis of a specific standard froma different
15 vi ewpoPHeeRoihe airdasiey sheramterisiie cAnhadethe sehfase ShkQrRctemstialdBti on, by
obt ai ni ng,and anal yzi ng plural surface characteristics A or B along the
per i pher aihepeingfien negy gﬁéeﬁﬁalfe@kt,o avalsuafice sheractensiig(h atBbor (Ani Bdrnmity of
the wafer peripheral portion can be realized. It is possible to obtain
nore Oef fREEEIBASCT)nf or mati on as conpared to the conventional evaluation for

t he 20 wafer confilglur ation, and hence problens in a device fabricating

process such adVithghecagsiratinfpravadupisg news fst @mniigndatoh ercsordng be
sol ved. Moreover, the surface characteristics can be fully used as

par anet erte ther presehy sheemtion dasirthes] abpey, iberialingahde at @mpmcan@h@s 25
The present invention willbe further described nore detailedly by -21

24/ 02/ 20GHhalpgingidisflecdméhiodd tagnexamebesing h (hsaittnhd fehsansks dath
illustrative rather than restrictive.
measured with an electrostatic capacitive type thickness measuring
10  instrument, there can be calculated surface characteristics A and B,
configuration uniformity in fhe peripheral portién and others.

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

15  viewpoint from the conventional techniques such as SFQR. In addition, by
obtéining and analyzing plural surface characteristics A or B along the
peripheral portion of the wafer, evaluation on configuration uniformity of the
.Wafer peripheral portion can be realized. It is possible to obtain more
effective information as compared to the conventional evaluation for the

20 wafer configuration, and hence problems in a device fabricating process such
as a process using an exposure system and others can be solved. Moreover,
the surface characteristics can be fully used as parameters for analysis of

~ various experimental data, too.
Examples

25. -~ The present invention will be further described more detailedly by



(Exanpl e 1) Description will be given of an exanple of the confl uration 5
eval uation method of the present invention. In this exanple, eval A2 68005
conducted on an 8-inch nirror-polishé@ waf er (200 mmin di aneter and 0.5
mmin width of a peripheral edge portion being a chanfered portion)

manuf actured in a common manufacturing process. The wafer is referred to

as S1. 10 In the configuration evaluation, the wafer thickness was neasured

at positiaons %ut%'fggﬁ]ﬂ Ygace of 0,95 on the. whol e surface of the wafer
(excl udi ng%H BV IRE RAEPle Whichrshould baiconstyusd phustmativerathsr t he

peri pheral, porti on% t he neasured wafer thickness data were successively
st or ed; BIF‘F; BEHEP profiles of the wafer of fromthe central portion to

the 15 e\(,j\g portlo (98.5 mMm away fromthe central portion) as shown in
FIG 1 ®@1fromthe stored wafer thickness data; a reference |ine
was cal cul ated u5| ng the values fromthe central portion (in the direction
of the wafer dilRenstiptiont ovidln ber lgiverarof posiexampld ¢7@hemvanfigurbitiom t he
central portion and 30 mm away from the edge portion) by the method of

| east 20 evpluation né¢idodioféhe ptésens ireemitdmebntliibexthiplkneadudtion was
arbitrary position and the value of the reference line (a virtual

t hi cknessonatuctdveos ame8indi mioror-pulishadal yiee d20@ remt medianaiyz addd. §f er ence
was cal cul ated as the surface characteristics. In other words, the surface

char act erinst i ins wAdtin cbfBa aperiphéral n@dgengmﬁi@ﬁ U@elﬁgda%ﬂﬁrﬁﬁfbﬂaz%&%ldnm t he
second region to be eval uated of mmto 98.5 mm respectively -

24/ 02/ 2006 afbfsreur Hes cMﬁ&aﬁyrﬁﬁ?An&(ﬁﬁ&u&'ﬁi%‘ﬁro%éﬁ arhe '%Peffbll R 408y khe Cent er
portion of the wafer to the edge portion ereof 1n radial directions.
Actual | y,as S1.

10 In the configuration evaluation, the wafer thickness was measured
at positions with a space of 0.95 mm on the whole surface of the wafer
(excluding the chamfered -pqrtion of an area with 0.5 mm in width of the
peripheral portion); the measured wafer thickness data were successively
stored; configuration profiles of the wafer of from the central portion to the

'15 edge portion (98.5 mm away from the central portlonJ as shown in FIG. 1
were read from the stored wafer thickness data= a reference line was
calculated using the values from the central portion (in the direction of the
wafer diameter) to an arbitrary position X (70 mm away from the central
portion and 30 mm away from the edge portion) by the method of least

20 squares; then the difference between the thickness at the arbitrary position

~and the value of the reference line (a virtual thickness) at the same position
was analyzed; and the énalyzed differencé was calculated as the surface
- characteristics. In other words, the surface characteristics A and B are the
maximum value and minimum value in the second region to be evaluated of

256 70 mm to 98.5 mm, respectively



an anal ysis was performed on 400 profiles obtained at a prescribed angul ar
space( e 5 Then, there ware anal yzed %ge surface characteristic24X®&nd2806
obt ai ned from t he profiles. Wile the“$urface characteristics A and B have
400 val ues, evaluation thereof was perfornmed excluding 13 val ues thereof
whi ch were obtained fromprofiles intersecting a notch. In FIG 4, there
are shown changes in A and B par arreter val ues at 10 eval uation posi tions
for the eval uat esslérf 8 char act |cs T bSCI of FIG

i ndi cates the evalUat &d pos! t é‘SHl‘?sP‘r‘ R}'Oiﬁ So%"f’%i Fr}é%icﬁ’ﬁrterpl otting
val ues evaI yart ed. r ot at fer nge of 360 degrees in the

cl ockw se 8|‘f FLoh TG \%efe{ﬂ%ttﬂ%? %%rt}ynd r-‘%%fg regealghnchisns. Pstvnalit.es the
A and B paraneter. val ues .in unit. 15 Wth such_ fornms as shown in FIG 4,
there can®*B& 15 MAsIPerfonm Hﬂ'ilt‘%p G profifes plaeipekpbi presenibed angulee waf er
based on the ?g face characteristics A and B. In the wafer evaluated this
tine, a |ZHHE ange in the B paraneter is observed at a position al nost
opp05|te (180 de rees) to the notch. 20 Note that in a case where the

waf er 551 was 1o hege awarx poslrzed thes tsemface hehaypsteeistss oppedd B
frequently. As the exposure system a stepper (a comon nanme of a stepping
proj ect i ovbteigmssirom shys peoflenasVhiedhe munficelvharheteviaties A and péatved! y

st epped and exposed to a projected inage of a mask pattern (a reticle

pat t er n) .40 vehesexpabiatmns Yisdreof wiak eperfomyedextluding 125vdaaanhbgedExposur e
system The present inventors have seriously 24/02/2006 .23 .investigated

t he abnorwhichsvear dftairtel Sbeppefilanihtearesiyes nobd, the stop may be

greatly influenced by the uniformty in a peripheral portion of the B
In FIG. 4, there are shown changes in A and B parameter values at

10  evaluation positions for the evaluated surface characteristics. The abscissa
of FIG. 4 indicates the evaluated position 8. The position 0 is obtained by
plotting values evaluated rotating the wafer in the range of 360 degrees in
the clockwise direction at the notch as 0 degrees. The ordinate indicates the
A and B parameter values in pm unit.

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

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

25 scanning exposure system. The - present inventors have seriously



par anmet er obtai ned using the above nmethod for evaluating the wafer
configuration. 5 This is considered because if there is a |arge2&iZhyé2096
the B paraneter (local sags) in a waf8r as shown in FIG 4, a focus of the
exposure systemis displaced, which nakes inpossible of control by
auto-focusing, so that a focus error arises to stop the systemabnormally.
Therefore, evaluation was perforned on an average value, a 10 standard
devi ation, a maxi mum val ue, a mninumvalue and (a maxi num value - a

i ni mum vEvgstigatedoths abnetmalastopchiathe swpipst iand gncpived thatBhe stResul ts of
t he evaluation are shown in Table 1. Wile changes (variations) in the
par anmet er maarbderagthuiifluenosd by thd wiiénniibe igrgEnidershpowtiamofl@ B4 i s
prepared, quantitative evaluation can also be performed by obtaining (the
15 maxi nupaseaheter- obtaened nigingn thad udpyet hethddndar evadexiiati ohe awmdfeot her s.
In the present invention, evaluation can be perforned quantifying

uni f or m tgonfafurtibienconfi guration in a peripheral portion of the wafer. -24
24/ 02/ 2006 Table 1 Exanple |I Evaluation Results: Uniformty of

Confi guration i MMafer cordeddrieeralauBer ifi gHbré "Rag Uaes® thallsk et ‘thwaer Sl)
Maxi munmM ni nmumvaxi numAver ageSt andard (Rm M ni nun{gm deviation ([tm A '

par amet er §arbk39et@r (251 Vi) 382828 sBhbwn in FIG. 4, a focus of the exposure
par anmet er-0. 183-0-9190. 736- 0. 4800. 143

system is displaced, which makes impossible of control by auto-focusing, so

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

of the configuration in a peripheral portion of the wafer.



(A 13) paraneter0.9420,2230. 7190. 5180. 141, 5 (Exanple 2)

confirmthe above findings,

manuf actured in plural
t he above nethod for evaluating a wafer configuration.
waf ers were manufactured altering wafer
decrease a uniformty value of a peripheral

different wafe

eval uatio

%v_vas perfornmed on

In order to

wafers24/02/2006

manuf act uri ng processes by neans of

To be

concrete,
manuf act uri ng processes 10 so as to
portion in the B paraneter.

Gener al | yEaBﬁ.el waf er manufacturing process conprises, a slicing step of
slicing the single crystal ingot with a wire saw or the like to obtain a
cdge por t PORLEI Sha AIREPCRLRAPHEE (HRHOGRIL ot PHRRRY By ib0 TReVont
varer: 8 Tlatten dgtutgabPolivn GoetgrERIIGPHO(ROITIKE: an etching step
and 11 atencd " wal fpanpol | Hingnovey (. TBAThY avmimgor oo PRSI { he
wafer; and a 20 c| earfiimy step diungl eani Mg LHE Bl i shad) waflertTH %hove an
abr asi ve—sturry—oF—25-dust{ particles dﬂp?’r@ ed{therean 24/ 033406 Nar i ous
pr ove RAFRBEHITY of ‘LR bri DAGEAL por (et i n |t he B parlanet OB Fof
T roqul hpasaieide | n Thiber | prehdiopofti SHT4 i e whidS byl a GilAE wHen
using ayWi(pe gaw [dand the TTRe Tt 15 gl so to stice the waffer—so—as—to
|rrproveF§ar% ar. con®iogfr atj on02Sh as a (bpwe and a Bp1%. For @halpur|pose,
there a
5 (Example 2)
In order to confirm the above findings, evaluation was performed on
wafers manufactured in plural different wafer manufacturing processes by
means of the above method for evaluating a wafer configuration. To be
boncrete, wafers were manufactured altering wafer manufacturing processes
10 so as to decrease a uniformity value of a peripheral portion in the B
parameter.
Generally, the wafer manufacturing process comprises, a slicing
- step of slicing the single crystal ingot with a wire saw or the like to obtain a
thin and disk-shaped wafer; a chamfering step of chamfering a peripheral -
15 edge portion of the wafer obtained through the slicing step to prevent
- cracking and chipping of the wafer; a lapping step of flattening this wafer; a
flattening step of surface grinding or the like; an etching step that removes
machining deformation reinaining behind in the so chamfered and flattened
wafer; a polishing step of making a mirror surface of the wafer; and a
20  cleaning step of cleam'ﬁg the polished wafer to remove an abrasive slurry or



met hods for controlling a slurry tenperature, a feed rate of a wre and
others. As an inprovement in the chanfgring step, it is to perfddnQzi 20106
10 and mrror-chanfering while taking“are of uniformty in chanfering. For
this end, it is to performthe chanfering so as to control unifornmy a
contact pressure of a grindstone, a buff or the like. It is also to
control it with the nunber of rotation of the wafer -and the grindstone

(buff) Or%@?ﬁgf;ftlfcqes @gp.@s?tédt%ovenent in the etching step, it is to take
uni of e

care of or m ir%odl.‘ Especially, the etching is perforned

controlling wuniformy streans of the etchant. For this end, there is a
net hod to controYan?H% Ebeéga‘@%f a’Feot%PthSWegf an BecHinyedrsteRan® dsers. It

is also to i gve.it b reduci ng a cpntact area between the etching drum
support i n?j“%ﬁﬁé?@rw]f%ﬁss (e Ve yiggmaty ofihepeairharal portia Wubeace
grinding step or the | apping step, it is to nmachine the wafer controlling
spar k- out M&%e%FRT B5MRGEs aghd Inprevemeat ap she akiving sgemdt it vet tahen a
fixed grindstone or a |lapping table are sparked out after the lapping is
over. 9n egEFeEader gl Hyilaghe agrindhenalponton ofiide wafea hyr awirsivbenof t he
grindstone, a rotation speed thereof, a feed speed 25 thereof so as to
gener at e BFINEA Warestaw anddbe 1zte. t Has labwetst slicewvidle wafesisblag.to-ifpradé A2/ 2006
There are also available a nmethod to renove the grinding striations by
adopt i ng Welerdeomdigurhtippi sughame achdverantes vods . Fde thepseyesentiere mrehe
polishing step, there are follow ng nmneasures: adjustnents of a polishing

pressur e rpphodedonromrpirigrh ehaty tédmpattiay) adbed rigf &a wireRgld &hkRg, t hat
is a change in a site of a work holding plate, polishing such that the

central portionAsfamimprdvenoditt ingheedbaiferingQte it MatsigsrfoMaldrindingi I e a
peri pheral portion thereof is of a softer quality and the

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

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

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

20 As an improvement in the surface grinding step or the lapping step,
it is to machine the wafer controlling spark-dut because work damages and
the like are easily generated when a fixed grindstone or a lapping table are

| sparked out after the lapping is over. In the surface grinding, adjustment is

made on a grain size of the grindstone, a rotation speed thereof, a feed speed

25  thereof so as to generate grinding striations at the lowest level possible.



peri pheral portion is vacuum chucked; and a back surface coat is formed on
a back surface of a work, the work i_% hel d via the back surfac@4/dhd/2Ad &
front 10 surface of the work is polis gd, wherei n thickness of the back
surface coat is different between the peripheral portion and the central
portion in polishing. By changing a polishing pressure on the peripheral
portion with the above nethods, peripheral sags can be controlled. There
is also u i Sha t i j hi.ng.-pressur.e _applied on a
work per| DRerar ere! o ABbLE BAILLT, kol BB CRERO ST SRR By
portion b ' ihshing head., I1n thi.s exanple, the above inproving
nmet hods aér(%é\ﬂgg%%oﬁgg%% elléjﬁpw%t%n(ggt&paé%%@ofiﬁtl uding: a slicing step; a
chanfering step;, a.surface grindin step; .an et chi st ep; ow danage
| apping step: anth aHiOVERERE st opcifg‘ilé‘?% WegPer 41080 & m“@ﬁg
manuf actured by three differept .er. 20 manufactyring processes. . The
vaf er s \/ve’in&a%\’zélsuft HS%@&%?Q& %%%f@f@% APRAed QB A nperaPhega or
configqurati ?n of ., the present. jnvention to_obtain graphs of FIG_5 (wafer
S2), P GPEHRas weder i @opisking, thal isra chpnge ipaspiee of gfwerke halsbus t hree
processes. A wafer configuration evaluation nethod is the same as in 25
Exanpl e 1Plate polishiyyy sedsthairtbecentrad pantive of aveodyhelding weiomds pbaf or med
on the average value, the standard devi ation, the maximum val ue, the
ni ni mum VRATger aaakity mihnle avpsaiphenal ppxtéon thereofasmifmavitealgue)itoand ibe sur f ace
characteristic A, the surface characteristic B or the surface :
char act eriestiiherglaportBn fvasavm vhdidied; 5nikeshd dksswffadehwak waforatedam @ar e shown
in Tables 2 to 4. The above wafers were |oaded into a stepper, no abnormal
stop of thwekappfcatafis werkyghotwekieteldsia the hdek swfaresoaaandanfrbat seen
from T Table 3, a difference between the ‘

10 surface of the work is polished, wherein thickness of the back surface coat is

different between the peripheral portion and the central portion in polishing.
By changing a polishing pressure on the peripheral portion with the above
methods, peripheral sags can be controlled. There is also usable a polishing
method in which a pushing pressure applied on a work peripheral portion IS
| 15  controlled independently of the central portion by changing a polishing head.
In this example, the above improving methods are combined mainly
with a process including: a slicing step; a chamfering step; a surface grinding
step; an etching step; a low damage lapping step; and a polishing step to
obtain wafers S2, S3 and S4 manufactured by three different wafer

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

25 Example 1.



maxi mum val ue and the m ni num val ue of plural surface characteristics B
(Peripheral portion unifornmty in the B paraneter) obtained on 24¢102420106
10 was 600 nmor less, that is 556 ni®#/ 390 nm and 486 nm respectively.
Furthernore, as can be seen from Table 4, uniformty of a peripheral
portion in the surface characteristic (A - B) was 500 nmor less, that is
419 nm 404 nin and 380 nm These wafers S2, S3 and S4 were good in a
process using a ., stepper. 15. Table 2 A Paraneter Peripheral Portion
Uniformity Maxi eqveRmAPRBTHA B GeTuakion, wap paufemmed on the average

It Ri [ devi ati or Ji Waf er S2 (Exanpl e
(2) 0@3%0- 9%%%%%@35 !dg?iﬁ%cﬂﬁé gﬁg g;sggamma@@)thé Zﬁlillrirlgumn@h%mdlmo, 055

Waf er S4 gExaerl e 2) - 0.253-0.0200.2720.0930.060 -- Wafer 9 5
the maximum value — the minimum value) of the surface characteristic A,

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

5 Results of the evaluation are shown in Tables 2 to 4. The above wafers were
loaded into a stepper, no abnormal stop of the apparatus being observed. As

to the wafers, as can be seen from Table 3, a difference between the
maximum value and the minimum value of plural surface characteristics B
(peripheral portion uniformity in the B parameter) obtained on each wafer

10 was 600 nm or less, that is 556 nm, 390 nm and. 486 nm, respectively.
Furthermore, as can be seen from Table 4, uniformity of a peripheral portion

in the surface characteristic (A — B) was 500 nm or less, that is 419 nm, 404

nm and 380 nm. These wafers S2, S3 and S4 were good in a process using a

stepper.
15 Table 2
A Parameter Peripheral Portion Uniformity
Maximum | Minimum M xrnum Average Stapdzjlrd
(1) () — Minimum (4m) deviation
(um) (um)
Wafer S2
(Example 2) 0.330 -0.007 0.337 0.110 - 0.079
Wafer S3
(Example 2) 0.241 -0.024 0.265 0.104 0.055
Wafer S4
(Example 2) 0.253 —0.020_ 0.272 0.093 0.060
Walfer S5
(Comparative 0.105 ~0.028 0.132 0.032 0.024
Example 1) :
Wafer S1 0.135 -0.029 0.164 0.038 0.028




(Conpar ati ve0. 105- 0. 0280. 1320. 0320. 024 Exanple 1) Wafer

SI 0. 135- 0. 0290. 1640. 0380. 028 _28_ Tablg 3 B Parameter Peripher aP4#®23/{3R06
Uniformty 24/02/ 2006 Maxi nunM ni rrumvggi mumAver ageSt andard (m (m -

M ni mrum(gnm) deviation ( m(nm) Wafer S2 (Exanpl e

2) 0. 002- 0. 5530. 556- 0. 3090. 111 Wafer S3 (Exanple

2)-0.124-0. 515" 0. 390- 0. 3000. 073 Wafer S4 (Exanple

2) - 0. 008- §.ARA9. 486- 0. 2880. 100 Waf er S5

(Comparati ve-0. 253-0. 9350. 682- 0. 5090. 154 Exanple 1) Wafer

S1-0. 183&?&&%%\%@1&%&)%3%%%%%%5&%% A - B) Parameter Peripheral

Portion orm XTI erageStandard (m (gn -
M ni mup( m) devi atio D&gr’r} (m fer S2 (Exmiaigug) . 6360. 2510] 384Q,34130; 074
Ximum mimum .. Average .
(um) (irm) — Minimum (yum) deviation
(m) (um)
Wafer S2 _
(Example 2) 0.002 —0.553 0.556 -0.309 0.111
Wafer S3 _
(Example 2) -0.124 -0.515 0.390 -0.300 0.073
Wafer S4
(Example 2) —0.008 —-0.494 0.486 —-0.288 0.100
Wafer S5 -
(Comparative ;| —0.253 ~0.935 0.682 ~0.509 0.154
Example 1)
Wafer S1 -0.183 ~0.919 0.736 —0.480 0.143
Table 4
5 (A - B) Parameter Peripheral Portion Uniformity
Maximum | Minimum Ma?‘“.”:‘“m Average Stapdgrd
() (um) — Minimum (o) deviation
(um) {m)
Wafer S2
(Example 2) 0.636 0.251 0.384 0.419 0.074
Wafer S3
(Example 2) 0.619 0.215 0.404 0.404 0.069
Wafer S4 ' '
(Example 2) 0.579 0.195 0.385 0.380 Q.O?O
Wafer S5
(Comparative 0.930 0.282 0.648 0.541 0.157
Example 1)
Wafer S1 0.942 0.223 0719 | 0518 0.141

(Comparative Example 1)

Then, evaluation was performed on a wafer manufactured in a



Wafer S3 (Exanple 2)0.6190. 2150. 4040. 4040. 069 Wafer S4 (Exanple
2) 0. 5790. 1950. 3850. 3800. 070 Wafer S5 npar at i ve0. 9300. 2820. 642@./8412.020956

Exanpl e 1) Wafer SI0.9420.2230.7190. 5¥80. 141 (Conparative Exanple 1) Then,
eval uati on was performed on a wafer manufactured in a -29 24/02/2006 common

waf er manufacturing process as Conparative Exanple 1. The wafer
manuf acturing process conprises, a slicing step of slicing the single

crystal i t bt al n hi.n _and di sk-shaped, waf er ; h eri step of
chanferin&ggg&%%&?gré?%?u%ﬁ1@”B%PFW§ﬁSB?C%HEEWépgﬁEgﬁPQ&ﬁéd Bagh t he
slicing step to 5 prevent cracking and..chi pping_.of the wafer: a | apping
step of fPRREATREIHEPIOCeRE PRRPESS ot CHPG SPB Pt SHAME Biov@elendiatal ng
deformation r | ni.n behi .i.n the so ¢chanfered and | apped wafer; a
pol i shi ngl%aOéS%P%%w ang%ﬁl?éﬁag Wag?é’ drhamdesiag sker elrlpamieridgni ng
step of cleangg? tﬂe polished wafer to renove an abrasive slurry or dust
parti cl esadipydisrabedgrparion phéhaaraler pbtammad threuglethe shmngheepdemon
waf er manuf acturi;sgqiprocess was referred to as S5. Evaluation was
per f orthedPHiVenhragkies agd chipping efthegvafes adanwag step oéfdabieatngghia waf er
configuration of the present invention so as to obtain a graph as shown in
FIG 8. Fwefderamradchimgantdrf ithdt ereatovati machosngt defarmatidnadeiinhimingl | y
shown in Tables 2 to 4. A configuration evaluation nethod is the

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

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

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

10  manufactured from the common wafer manufacturing process was referred

to as S5.

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

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

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

20  peripheral portion uniformity) of plural surface characteristics B obtained on
a wafer was 682 nm. Uniformity of a peripheral pbrtion in the surface
characteristic (A — B) was 648 nm. Evaluation results of the wafer S1
evaluated in Example 1 are also additionally shown- in Tables 2 to 4.

Abnormal stop of the stepper was also observed with the wafer S1. Thus, the

25  wafers S1 and S5 were poor in a process using the stepper. It is found that a



sanme as Exanple 1. The wafer S5 was | oaded into a stepper with the result
that abnormal stop of the stepper wagpabserved at a rate of 1084%02/2006
di fference between the maxi mum val ue and the m ni numval ue (the B

par anmeter 20 peripheral portion uniformty) of plural surface
characteristics B obtained on a wafer was 682 nm Uniformty of a

peri pheral portion in the surface characteristic (A - B) was 648 nm
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additionally shown in Tables 2 to 4. Abnor epper was al so
observed whpdwdiie wafer S1. Thus, the 25 wafers S1 and S5 were poor in a
process using the stepper. It is found that a -30 24/02/ 2006 | ocal change

for wafor o ST (4 Sl (AT SrorCRihaeHE W sl ARe bt vl BRFH G 1,

for wafers S1 to S5, there are shown thep
(the maxi pUPMAI UG - N value) .i.n t he ar ter in 5 FIG9 and
the peri pﬁgraﬁéﬂ{pgﬁl}eo%g%m or ity (Jfkf?eglmqmrﬂ ‘é@d@atﬁtﬁgaﬁrﬂ?t}%ﬁ?val ue)
in the ( ter i.nyFIG10. .1t is,.found, that a wafer wth {he B
par arrg)t engé'rgrgﬁgr al° B%IF PEFAL RP TR OB g0 6 Fes ‘ff’éu%o—oéhe and a
wafer with.ft. A - ._par anet peri pher.al rtign.upiformty of 500 nm
or |less ilgnté%g : Vf(%u?%)l‘:’i]a%la@e3%5 E@E@E&rtlﬁgﬁéﬂgf ?Fr%g’ﬂl&étt@ﬁi? Agvdebcess
shown in Eﬁ?& I eP62 the, B paraneter uniformty was not able to be reduced
Lo be perVRBL G PBHrame tse Parauisalpesian waifgrmifafod 690 s o decsi s gped
according qté t he, confi %Jr tion evaluation nethod of the present invention -
to sortedRaf Sadenwith the Wb —deoprrameter perishpral sutionnvefningty ahd00 :
thereafter, the sorted wafers were | oaded. into a
nm or less is good.
10 (Example 3)
Even in the wafer manufacturing process shown in Example 2, the
B parameter uniformity was not able to be reduced to be perfectly 600 nm or
less. Accordingly, wafers were evaluated according to the configuration
evaluation method of the present invention to sorted wafers within the scope
15  of the present invention and thereafter, the sorted wafers were loaded into a
device process. To be concrete, wafers having the surface characteristic B
peripheral portion uniformity of 600 nm or less (these wafers had the surface
characteristic (A — B) peripheral portion uniformity of 400 nm or less) were
lpaded into a stepper process and operations of the stepper were observed. As
20 aresult, it was confirmed that the stepper was not stopped at all.
(Comparative Example 2)
Wafers manufactured in a common wafer manufacturing process
were loaded into a stepper process without sorting of the wafers. As a result,

abnormal stop of the stepper was observed. Stop of the apparatus occurred at

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



devi ce process. To be concrete, wafers having the surface chara§t e/('hzti c B
peripheral portion uniformty of 600.rynor less (these wafers h 4 /2006
surface characteristic (A - B) peripheral portion uniformty of 400 nm or
| ess) were |oaded into a stepper process and operations of the stepper
were observed. As 20 a result, it was confirmed that the stepper was not
stopped at all. (Conparative Exanple 2) Wafers nmanufactured in a comon

vaf er mandhashgrdbidr 089 SScordi td ordadsb it ﬁw%nﬁfoﬁ%?l%{%vsr%h%ﬁ%év&éﬂf&m“t

sorting of the wafers. As a resu abnormal stop he st epper Wwas

obser ved. pBiigReni SAIeiAPRATALIY, 95 CHE W8Sk A8 ALESGRNEH Shol g &1 der of

10 % of processed wafers. Evaluation on A ng

abnor mal i HY6:8CC M HeBPet, %Heh%aﬁreﬁgﬂghé&‘i 4t Srﬁgf‘é"f%ﬁ{}g{q t&;ﬂg %}V\%Effrgoo \m or

peri pheral portion uniformt surf ce tha

nore. Mo gpyer fe lon, nlformt the surface
characteri st]i%gte(li&?c Fl)ﬁﬂ{nea%g%% Wl ﬁt 8 %Iﬁf“ﬂﬁ%\v\?gﬁge"ya% %al so 5
600 nmg org sto occurr 0 not occur, for

waf er s hag?%% ?’E‘g} Der Mter a NNl l'l'i}dﬂ‘? ogirrigr wafers

char acter rde |n t e range of 50 nmto 700, nm _When this
val ue is }é%%m%rﬁb pepgggraci it leéd%é heaagiesitie: Bsofst op i s
greatly r duc reas t was a case where referable waf ers were not
sort ed pr 3% Hl_l\(,fy?‘\?n Wgﬁﬁg%ﬁsﬁgpéﬁﬁo@rn@l oﬂ@eflﬁu@\‘/ﬁhﬁatﬁ R0 ers with
t he peri eral ortion ugrlformt in the surface characteristic (A - B),
t he waf er'’§&r 8% WF%‘?‘I% eABPRCIH 108 dihse RYParRIpEcHiaD| ip, gestlr sediied,t hi s

val ue of tﬂe ord of 400 nmor |ess cause no abnormal stop. There is a

case wher®ngis3s Fe Staspa gerswhete pradeirabile wafewafvere nabsdrhed poedibay
perlpheral gortlon uniformty in the B paranmeter of 600 nm or
with the B parameter alone. By evaluating wafers with the peripheral

portion uniformity in the surface characteristic (A — B), the wafers are
controlled more precisely. Especially, wafers with this value of the order of
400 nm or less cause no abnormal stop.

- There is a case where abnormal stop does not occur for a wafer

15 having the peripheral portion uniformity in the B parameter of 600 nm or
more and therefore, while it is not necessarﬂy conceived that the cause for
stop of a stepper is limited to the above factors, it may be conceived in view of
the above matter that the factors evaluated in the present invention exert a
large influence thereon.

20 That is to say, in the stepper process, the peripheral portion
uniformity in the B parameter is especially important and it is found that
abnormal stop of the apparatus is redﬁced using wafers with (the maximum
value — the minimum value) of 600 nm or less among the peripheral portion
configuration uniformity. Using wafers with (the maximum value — the

25 minimum value) in the (A — B) parameter uniformity of 400 nm or less, stop



nore and therefore, while it is not necessarily conceived that the cause
for stop of a stepper is linmted to tfae above factors, it nmay Bd/DAE2i00
in view of the above matter that the“factors evaluated in the present
invention exert a large influence thereon. 20 That is to say, in the
stepper process, the peripheral portion wuniformty in the B paraneter is
especially inportant and it is found that abnormal stop of the apparatus is

d d j i t ' | -. th i ni I f 600
i or 1 esg B AR R I R, etk g B DR ok REOJCtL i ng
waf ers w H&lé%g%@[?xi mum val ue - the 25 mninumvalue) in the (A - B)

ormt

par anet er- uni y of 400 nmor |ess, stop -32 24/02/2006 of the

apparatus is greatly reduced, resulting.in inprqovenent on a product vyield
as well. Furt her%t\é?rl?lﬂree\}&l %‘éffelflaﬁoaf 8’]; ﬁge gerisra poyamm iwHfamItnr m ty,

stabl e evatl% tiori S _ensured &en an arbitrary position X of the
eval uat i o2 5 AR HBHOB™ aSfasyres Biken; a1y aritwy ipesitiom X of theesaluasionof 30 mm

fromthe wafer p{eri pheral portion and neasurenment of the wafer
conf i dur ae5RCq 8 the PrRsRBHINVeHLINY 10 ek ap ot pasifden pf 3Pnuam faewathexwhfedi ng 1 mm
of the wafer periphery (excluding a chanfered portion). 10 Capability of
Expl oi t atPEEPheral parden pnd Wedssapment of the vhafeihenfigesation inperbirmedwi 1 | be
descri bed helow. Displacenent or a thickness neasured with a prescri bed
space usityra dafesphtavedefronoant dieckeredadineat unimgf thansafeapedifliste a waf er
configuration_ nore precisely by using a surface characteristic cal cul ating
means t hdaxeludéng achentfexedaporiod:x i ndi cating flatness such as SFQR
Especially, since the peripheral portion uniformty in the B paraneter can
be quantitatively
10  Capability of Exploitation in Industry:
Typical effects of the present invention Wi]l be described below.
Displacement or a thickness measured with a prescribed space using a
displacement or thickness measuring means can define a wafer configuration
more precisely by using a surface characteristic calculating means than a
15 conventional index indicating flatness such as SFQR. Especially, since the
peripheral portion uniformity in the B parameter can be quantitatively
evaluated, it can be determined surely whether a wafer is good or poor on a
prescribed criterion.
In the configuration evaluation method of the present invention,
20  quality that has not been precisely evaluated until now, especially quality of
a peripheral portion configuration of a wafer can be quantitatively evaluated,
and thereby a wafer configuration most suitable for lithography can be
defined.

By defining wafers with values of peripheral portion uniformity in

25 the B parameter and the (A — B) parameter (the maximum value — the



eval uated, it can be determ ned surely whether a wafer is good or poor on a
prescribed criterion. In the configuratjon eval uati on nethod of 240 $¢ 39éf
invention, 20 quality that has not be&én precisely evaluated until now,
especially quality of a peripheral portion configuration of a wafer can be
quantitatively evaluated, and thereby a wafer configuration nost suitable
for lithography can be defined. By defining wafers with val ues of

peri pheral... i i } i 25 ¢ he raneter .and the (A - B)

par anet er Ir?ltgﬁé Tuﬁ%gg ?an&ré f\?%‘;l%&egge-d%%gég)?@ rezt% @@f ig%%r%f% hdEVIRTECSE

eval uat edC fi‘lb‘é%ﬁ%ﬁedpr eferable wafers for a device process can be sorted.
By using thée surtace characteristic obtained according to the wafer
configuration eval uation nethod of the present.inventiogn, evaluation can be
5 nore precisel ;%f Hﬁ’r’t’gc@ﬁ"\/% ?%%ﬂ%?@é?s%ﬁqﬁawﬁa@w&ﬁ%ﬂ%@ﬁ walerand.
hence abnorn@#ti{_ in a deyice piloge%s is prevented, resulting in

i mpr oveneftEFIAtoR Y leation arethod of the presemtn ven oo, xypéuatiomenabiod f or
evalugting a wafer configuration conprising the steps. of. 5 qgbtaining

pl ur al® waf¥e PERFPYNrtRensonyestionak waterr euriguration mvieknatignanddienst a waf er

to the edge portion thereof along the entire periphery thereof at a
prescri beablaqrg@ﬂlgw %é@wce process 18 prevented, resulting in improvement on a

product yield.

10



providing a first region for calculating a reference |line for each of th
profiles in the central side of the wafer; 10 calculating the ré%bﬁ%%é@o
line in the first region; further providing a second region in the

peri pheral side of the wafer outside the first region; extrapolating the
reference line calculated in the first region to the second region; 15
anal yzing a value (an actually neasured value -- a reference val ue)

obt ai ned by subtracting the referengEA}I[] (the reference value) in the
second region froma configuration (the actually neasured value) in the
second region; calculating the maxi num val ue anong the val ues as a surface
20 characteristic A and the mni me vaI ue among the val ues as a surface

characteristic By sang gyr ati-on-unif or m t eri pher al
portion of the “waf er0 romw%lhlrga sur a%ed%c 5}15%{}8??3{’%’5’131%5 S@Eﬁface
characterjgstics B obtained along the entire peripheral portion of the
wafer. 25 2. The nethod for evaluating a wafer configurati on according to

cl ai me 35 24/ 02/ hec nfigurati on uni inth
perlpﬁseral portléﬁgg}lﬁghéw%f ¥§°ﬁg BY PEP ‘{i&f) d‘@n ween t he
maxi mum v ye an t he i m.al ue of the p|ural surface charact eristics
A obt ai ne@A TRy Pﬂfej a wafer, ngu 898P tR@Hiogs thereolalome. the gntire demnhvsn f or
eval uati nt% fer conf.j gqlllratl n accordi ng to claim 1, wherein the

confi gur at18F° Lﬁ?lafBrreﬁFlflb ﬁmSH o@idcpher al portion of the wafer s

eval uated froma differenge between the nmaxi mum val ue and the
providing a first region for calculating a reference line for each of

the profiles in the central side of the wafer;
10 calculating the reference line in the first region;
further providing a second region in the peﬁpheral side of the wafer
outside the first region;
extrapolating the reference line calculated in the first region to the
second region;

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

calculating the maximum value among the values as a surface
20 . characteristic A and the ﬁﬁnimum value among the values as a. surface
.characteristic B; and
eval-uating configuration uniformity in the peripheral portion of the
wafer from plural surface characteristics A and surface characteristics B
obtained along the entire peripheral portion of the wafer.

25 | 2. The method for evaluating a wafer configuration according to claim



m ni mrum val ue of the plural surface characteristics B obtained in}he
peripheral portion of the wafer 10 4.. sthe method for eval uating24 4 £R006
configuration according to claim 1, v§nerei n a difference (a surface
characteristic (A - B)) between the surface characteristic A and the
surface characteristic B is obtained fromeach of the profiles, and the
configuration uniformty in the peripheral portion of the wafer is

e o S S OBl

val ue of the plural surface characteristics

ber | pher alis Rb4ARACE:diCaWaiflent: tHARCOR! 08 LRLLENAL UAIION G Wake!

configuration according to claim 1, eréin thecon ormty
in the pegiiphahal [ t i s _eval uag.ed wi st andar
devi ati ons of pl urvgl%ésuér}?g}g% p&ﬁgarl\ggﬁ%?estc’?‘éga eri5 C%ﬂ%@m@ athdiristics
B or di ffﬁéﬁﬁﬁgﬁﬁﬂﬂa’?ﬁg%tf‘éﬁgnw surface characteristics (A - B)) obtained

I phera

in the perip portion of 't @ wafer 6. The method for eval uating a wafer
configuraki on a i n any ., one of clains 1 to 5 wherein the wafer

confi %ra i on prcl(s)l?él glee tﬁg&go“(/%‘?%gaaﬁ%é‘sﬁ'ﬁ spfigugsatipr SerqrBRE tpeladmwi t hin a
surface O;l V&Qgr \Aﬁtfﬁr, ﬁd 25. di SIE)J acenent in the direction vertical to the
waf er surfa 0% fp gl‘é'?gmélfu-l@@ﬁyg?ﬁ%Bﬁ‘lphérWEﬁionVf.thﬁ‘i@af@t hod for

eval uat i n% a \Aﬁ{?%r c&hfi guratjon according to claim 6, wherein the
prescri bed SEAREPY, ToEn i r DfeRinges bptwiesor thee gaxigrumhyalvet faod ftbe
to 7,

eval uating.a wafer configyratjion_according to any 5 one of clains |
wherein t émﬂi‘f“é‘?cy?ﬁ@d Ogn%‘lﬁl Rhurab awface @g@mcmnimca/vﬁ @btainedfingthat i on
profiles is.l degree . or less. 9. A wafer evaluated by the nethod for
eval uat i ReET®PRgREPortion of the wafer

10 4. The method for evaluating a wafer configuration according to claim
1, wherein a difference (a surface characteristic (A — B)) between the surface
characteristic A and the surface characteristic B is obtained from each of the
proﬁles, and the configuration uniformity in the peripheral portion of the
wafer 15 evaluated from a difference between the maximum value and the

15 minimum value of the plural surface characteristics (A — B) obtained in the
periphei'al portion of the wafer. |
5. The method for evaluation a wafer configuration according to claim
1, wherein the configuration uniformity in the peripheral portion of the wafer

| is evaluated with standard deviations of plural surface characteristics A,

20  surface characteristics B or differences therebetween (surface characteristics
(A — B)) obtained in the peripheral portion of the wafer.

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

25  displacement in the direction vertical to the wafer surface or a thickness of



configuration according to any one of clainms | to 8, wherein a difference
bet ween t he maxi num val ue and the m niggum val ue of plural surfaéd/12/ 2006
characteristics B obtained within a surface of the wafer (the B paraneter
peri pheral portion uniformty) is 600 nmor less. 10. A wafer eval uated by
the method for evaluating a wafer configuration according to any one of
claims | to 8, wherein a difference between the maxi nrum val ue and the

m ni nrum vehalgaddr pl ural surface 15 characteristics (A - B) obtained within
a surface of the wafer (the (A - B) paraneter peripheral portion

oI 15 PR BRR6a Ko Svattdtind MRl BESA bR Al Bl AL Ay Mher el

a difference between the nmaxinum val ue an ni mim v

surdace chaasanl sk sxibe Bl ALISGAL B 1 B s surace (1he (4

- B) paraneter periphera O portion uni

waf er sorging reel re are sorted.wafers each . haying a
di f f erence’ bet V\nz%}%@t eé:ﬁ@ngﬁ ffrt%‘r#l@%tﬂg A VR SORBR IR aPerEdEe T pfval
surfage c | Sti t he par anet e er.i pheral portjo uniformty)
o 600 oo iy O QELhEL BT, Fal e FeBHhERmA pirlel dpuch o i reoy aes
configuratli rding.to gny one of clains | to 8, the sorted wafers

bei ng -3?565%%‘%%%8@1' d 'f %@(Bﬁifi??e system 13. A wafer sorting

met hod, wherein therﬁ(ge areaﬁd?rteﬁg waf ers each _having a difference between
the maxi itim val d SR HEatateduhX athee Brethed yfon evalwaties charwefeer i sti cs
(A - nmeter peripheral 5 portion uniformty) of 500 nm

B) (th A - B) para
or less é&¥ %GO%)FCF‘PF@%%tWOWX oneedfatlaimg nl to ag,vmhelreincmfdiiéweamb on
according to any one of clainms | to 8, the sorted wafers being used in an
exposur e R&f¥esk the maximum value and the minimum value of plural surface
10  characteristics B obtained within a surface of the wafer (the B parameter
peripheral portion uniformity ) is 600 nm or less.
10. A wafer evaluated by the method for evaluating a wafer
configuration according to any one of claims 1 to 8, wherein a difference
between the maximum value and the minimum value of plural surface
15 characteristics (A — B) obtained within a surface of the wafer (the (A — B)
parameter peripheral portion uniformity ) is 500 nm or less. |
11. The wafer according to claim 10, wherein a difference between the
~ maximum value and the minimum value of plural surface characteristics (A —
B ) obtained within the wafer surface (the (A — B) parameter peripheral
20  portion uniformity ) is 400 nm or less.
- 12. A wafer sorting method, wherein there are sorted wafers each
having a. difference between the maximum value and the minimum value of
plural surface characten;stic.s B (the B parameter peripheral portion

uniformity) of 600 nm or less evaluated by the method for evaluating a wafer

256 configuration according to any one of claims 1 to 8, the sorted wafers being



14. The wafer sorting nmethod according to claim13, wherein therejlre
sorted wafers each having a differencg7bet ween the maxi num val uédifiZ{Re06

10 m ni mum val ue of plural surface characteristics (A - B), (the (A - B)
par anmet er peripheral portion uniformty) of 400 nmor |ess evaluated by the
met hod for evaluating a wafer configuration according to any one of clains
| to 8, the sorted wafers being used in an exposure system

used in an exposure system.
13. A wafer sorting method, wherein there are sorted wafers each
having a difference between the maximum value and the minimum value of
plural surface characteristics (A — B) (the (A — B) parameter peripheral
5 portion uniformity) of 500 nm or less evaluated by the methéd for evaluating
a wafer configuration according to any one of claims 1 to 8, the sorted wafers
being used in an exposure system. |
14. The wafer sorting method accofding to claim 13, wherein there are
sorted wafers each having a difference between the maximum value and the
10  minimum value of plural surface characteristics (A — B) (the (A — B)
parameter peripheral portion uniformity) of 400 nm or less evaluated by the
method for evaluating a wafer configuration according to any one of claims 1

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



