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

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

Background Art:

15 Conventionally, a method for manufacturing a silicon wafer used as
a semiconductor substrate material generally comprises a crystal growth
process for producing a single crystal ingot by a Czochralski (CZ) method, a
floating zone melting (FZ) method or the like, and a wafer manufacturing
process for manufacturing a wafer by slicing this single crystal ingot ahd

20 processing at least one main surface thereof into a mirror-like surface. To
describe the process more detailedly, the wafer manufacturing process
comprises, a slicing step of slicing the single crystal ingot to obtain a thin and
disk-shaped wafer; a chamfering step of chamfering a peripheral edge portion
of the wafer obtained through the slicing step to prevent cracking and

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



| apped wafer; a polishing step of nmaking a mrror surface of the wafer; and
a cleaning step of cleaning the polished wafer to renove a polishing agent
or dust particles deposited thereon. The main steps of the wafer
manufacturing 5 process are only listed above, and sonetines other steps
such as a heat treatnent step nmay be added, or the step sequence may be
changed. Recently, an integration |level in a sem conductor device has been
becom ng increasingly higher because of the remarkable progress in the

sem conduct or device technology, and with this progress, a demand for 10
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semiconductor device technology, and with this progress, a demand for

10  quality of a silicon wafer or the like has also been becoming more severe. A
semiconductor device is fabricated by using a mirror-polished wafer which
has been subjected to the single crystal producing process and the wafer
manufacturing process. In the device fabricating process, a step of forming a
resist pattern is repeatedly performed 20 to 30 times. Recently, a higher

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

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

a silicon wafer or the like used as a base for a device has been becoming more

25  severe.



devi ce has brought out mniaturization of a device size, and for instance,
slight undul ation or the like on a silicon wafer may lead to errors in a
device pattern during the photolithography step or other steps. In
addition, in order 5 to effectively uge a wafer, there is required a wafer
whi ch has excellent flatness up to the utnost outer peripheral portion
(the very Iimt of the chanfered portion) of its main surface. As one of
the inmportant characteristics required to the silicon wafer as described
above, there is a problem of shape quality thereof. The wafer 10 shape
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eval uat ed..b ality naned..gl obal flatness or sit | at ness based on a
back i aslighs uAdaisdn 87 BRe Lite 2k suidhel W ake taat LAl o B iORR Bk AGR V%t noss.
Especially, as the index of f]|atness, the global flatness, based op the
back si d@a#f@rerdé%%gﬁae ab%@ént@m genor pHker sters| rma%é)qn, n ios(?qrs
usual ly defined, assuming that a reference plane is prepared wthin a
waf erd suitd fectivaly asei aitwales: vkene ishzequixednanwafer twisichl has sxceldentent and
the m ni mum 20 positional displacenment against the reference plane, and
cor r espofldéness TPpVto tHetwatimayii okteasperiphéral i purfionh(the veryaliswihvafntliconal
specification. Also, the site flatness based on the back side reference is
named SBhERu(fSredep@didn) lofetd mRamgeyfacand corresponds to LTV which was quite
frequently used in the past. Wien a back surface of a wafer is used as a 25
ref erence pl aneAsnnhef afrthlecinmirt mtcthaiacteristigsaequired| todthegsiicore mtadeér of t he
site 4 is enployed as a focal plane, the SBIRis a sum of absol ute val ues
of the as described above, there is a problem of shape quality thereof. The wafer
10 shape quality includes various parameters such as a diameter, a thickness,
parallelism, flatness, irregularities with a relatively longer cycle named sori,
bow, warp or the like, irregularities with a cycle of several mm named
undulation and surface roughness; recently, it is frequently evaluated by
quality named global flatness or site flatness based on a back side reference
15 or a front side reference as an index of flatness.
Especially, as the index of flatness, the global flatness based on the
back side reference is named GBIR (Global Back Ideal Range); this is usually
defined, assuming that a reference plane is prepared within a wafer surface,
as a width between the maximum positional displacement and the minimum
20 positional displacement against the reference plane, and corresponds to TTV
(Total Thickness Variation) which is a conventional specification.
Also, the site flatness based on the back side reference is named
SBIR (Site Back Ideal Range), and corresponds to LTV which was quite

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

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



respecti ve maxi num di spl acenents in the plus side and m nus side fromthe
focal plane in the site, which is evaluated for each site. Usually, in case
of an 8-inch wafer or the like, this value is evaluated in an area having
a site of the 5 order of 20 nmx 20 mp- The size of this site varies
dependi ng upon a dianeter or specifications of a wafer. Mreover, the site
fl atness based on the front side reference is nanmed SFQR (Site Front Least
Squares Range); this is a sumof absolute values of the respective maxi mum
di spl acenents in the plus side and mnus 10 side fromthe reference plane
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nm ('t hi sﬁ{éange i s name V\V,NDC%‘r)[S{Mggeor the like). This PV value is also
named NarfBRBYSSTOEN SRACIELATORS ofa 1ike. As the nanotopography, it is
desired that the maxi numvalue of the irregularities present wwthin the
eval uat ed waf er Merepsel the site flatngsgabased onnthe \fronfesie zefapgnge is
eval uated by the naxi num val ue anong PV val ues 25 obtai ned t hrough
eval yat i graraed SERB; fite Front fleask Sawares Ravgelirdisayiangum of sbeuts 10 mm
and when this value is 60 nmor less, it is determned that the
values of the respective maximum displacements in the plus side and minus
10 side from the reference plane which is a flat plane in a site obtained by
calculating data with the method of least squares, which is evaluated for each
site within a prescribed site.
Further, quality named nanotopography has been taken seriously.
The nanotopography (also named nanotopology) means irregularities with a
15 wavelength of the order of from 0.1 mm to 20 mm and an amplitude of the
order of from several nm to 100 nm; the evaluation method therefor is
performed by evaluating a difference of altitude of irregularities (a PV value;
peak to valley) on a wafer surface in a range of a square block having a side of
the order of from 0.1 mm to 10 mm, or of a circular block having a diameter of
20 the order of from 0.1 mm to 10 mm (this range is named WINDOW SIZE or
the like). This PV value is also named Nanotopological Height or the like. As
the nanotopography, it is desired that the maximum value of the
irregularities present within the evaluated wafer surface is small. Usually,

this value of a wafer is evaluated by the maximum value among PV values

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



eval uated wafer is a good chip: Up to a design rule of 0.18 pmin the
device fabricating process, it was enough to manufacture a wafer that
neets standard requirenents under 5 evaluation with the above-nentioned
index, but as recently the design rulg.has been becomni ng increasingly
severe with a specification of 0.15 pmor even 0.13 pm when a wafer that
neets the above standard requirenents was used for fabricating an actual
device, there sonetinmes took place decrease of its vyield. Accordingly,
there are required a wafer manufacturing nethod and a 10 wafer eval uating
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in sur
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machi nes such as an ex os re system machi ne nd 20
conpaPi biewaf % Xeth t ¥ nFRﬂ%‘?‘ffg] b‘l‘ﬁc}‘é‘k%&}%@& neﬁe%fjwilﬁéfq%}%r
configuratiqn of. a wafer to be processed has been becomi ngscan [ ssue.
Mat chi ng hasthRearPasnauinainaRasinglaspeTe SHER aIspepifisation of Rel I 458 t hose
of the wafer is inportant, but it is inpossible to evaluate the matching by
the con'ehd ionavhemaasvafer shatimaetsadlerbospiskandand ISRORemBtFFEAscusede now
required indexes which can precisely evaluate the 6 conpatibility and the
| i ke .bet fer falkricating vincectiabdievicei hyeryer swmetimesthoek place decrease of its
yield. Accordingly, there are required a wafer manufacturing method and a
10 - wafer evaluating method in which a wafer is prescribed by factors other than
the above-mentioned indexes and specifications of severe design rules are
carried out without any problem.
Especially, with the above-mentioned GBIR, SBIR, SFQR, or the
like, although flatness at the middle side portion of a wafer can be precisely
15 evaluated, flatness at a peripheral portion thereof, especially a portion in the
vicinity of a boundary between a chamfered portion and a main surface of a
wafer is sometimes not evaluated precisely.
For instance, in the device fabricating process, many processing
machines such as an exposure system and other machines are used, and
20  compatibility between a wafer holding chuck used in each machine and a
configuration of a wafer to be processed has been becoming an issue.
Matching between undulation and a peripheral shape of the chuck and those
of the wafer is important, but it is impossible to evaluate the matching by the

conventional indexes such as GBIR, SBIR, and SFQR.

25 There are now required indexes which can precisely evaluate the



particularly a chuck used in each processing machine and a wafer to be
processed. Especially, when a severe specification of the design rule is
applied to a wafer, it is necessary to nore precisely evaluate the
peripheral 5 portion of the wafer. Egpecially, there is a stepper (a
popul ar nanme of a reduction projection step and repeat exposure system
wherein a wafer is stepped and exposed repeatedly to a projected figure
through a nask pattern (a reticle patter); it was not necessarily possible
to sort out wafers which are usable in 10 the stepper in ternms of
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which, by eval Bapetigllgudhere isfa ssteaper oHPP’g]@Fatlﬁ@ﬁ Pf oin redyietioar ent
vi ewpoint from 25 the conventional SFQR or the like using the
above- nepreientidn svep eadinegedt mEprude avdteaphuharain,a wadercisprpppedandor e
precisely eval uating undulation on a wafer surface and the ?erl pher al
port i.on ekpesadafepeatedlyutsphypmjectéd figure through a mask pattern (a reticle
patter); it was not necessarily possible to sort out wafers which are usable in
10 the stepper in terms of configurations thererof by indexes such as SFQR. The

same is also true for a scanning exposure system.

Disclosure of the Invention:
With the foregoing difficulties of the prior art in view, it is an object
15 of the present invention to provide a method and an apparatus for evaluating
a wafer configuration which, by evaluating quality of a wafer configuration
from a different viewpoint from the conventional SFQR or the like, are
capable of more precisely evaluating the peripheral portion of the wafer to
manufacture a wafer suitable for each device fabricating process and improfre
20 production efficiency in the device fabricating process and the subsequent
processes.
Another object of the present invention is to provide a device
fabricating method, a wafer, and a wafer sorting method which, by
evaluating quality of a wafer configuration from a different viewpoint from

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



suitable for each device fabricating process, especially a process using an
exposure system and i nprove production efficiency in the device
fabricating 5 process and subsequent processes. In order to achieve the
above object, a first aspect of a nmethod for evaluating a wafer
configuration according to the present invention conprises the steps of:
measuring a configuration of a wafer at positions wwth a prescribed space
within a surface of the wafer; providing a first region 10 within the wafer
surface for calculating a reference line or a reference plane fromthe

measur edzﬁt’@é‘é‘{i k| Ql”éfg;%{a%'éf’&fe 4 dé’dﬂe %’firﬂ&eg%{f%ﬁﬁlf ré‘%rﬁlﬁa{tgxgg Qt'hdﬁla{igxger ence

pl ane in I rst Tegion; providing a sec region to eval uat
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configurati o2 t he 13 seco aglﬁre ion_and the ref.epence |ine or. reference
ol ane wi PHIHAPI T eadh devicgofahicating pIpcaseaPREFElE S RIPYEAUPE Wence as
surface characteristics. ,l.n the aboye inveptive nethod, the _.econd region
s provi GRROTHEFYSIgeRAMRTERe TRBUFICR GUIHCRAG Phe feyies foicennn  odge
portion of the fer, differences (actually neasured values - reference
val uefg) Bé?%@éﬁ\ﬁ%(ﬁ%ﬁfl}‘@m Bf9688%%t a plurality of arbitrary positions

wi.thin the second region (actually nmeasured val ues) and the reference
lines or referehterggmbachieveridie pheve phigst, (a &rsy anpectvef] a argthgddor
anal yzed, and the maxi num val ue anong the values of the analyzed
di f f er enewelyating pasmaier enndignnativins phegordimgt toarthentpresenthénpestionve
maxi mum t hi ckness_difference) is calculated as the 25 surface _
char act ecosipiriseA the isteg)s off Netasurheg a comBgeratiar of g waafar nepositionsAvithi se) 8
may be called paraneter A') In the above inventive nethod, the second
regi on i & preseribed spaca within a surface of the wafer; providing a first region
10  within the wafer surface for calculating a reference line or a reference plane
from the measured wafer configuration; calculating a reference line or a
reference plane in the first region; providing a second region to be evaluated
outside the first region; extrapolating the reference line or reference plane to
the second region; analyzing a difference between the configuration of the
15 second region and the reference line or reference plane within the second
region; and calculating the analyzed difference as surface characteristics.

In the above inventive method, the second region is provided in a
range of from a boundary of the first region to an edge portion of the wafer,
differences (actually measured values — reference values) between

20 configurations at a plurality of arbitrary positions within the second region
(actually measured values) and the reference lines or reference planes at the
positions (reference values) are analyzed, and the maximum value among the
values of the analyzed differences (the positive maximum displacement

amount or the positive maximum thickness difference) is calculated as the

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



range of froma boundary of the first region to an edge portion of the
wafer, differences (actually neasured values - reference val ues) between 5
configurations at a plurality of arbitrary positions within the second
region (actually neasured val ues) ang.the reference |ine or reference

pl ane at the positions (reference values) are anal yzed, and the m ni num
val ue (the negative maxi num val ue) anong the values of the analyzed
differences is <calculated as the surface characteristic B (sag). (Note
that this surface 10 characteristic B (sag) nay be called paraneter B.). A

second agRede @flcimraridied Apr eval uating wafer configuration according
to the present invéention conprises the steps of. neasuring a configuration
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reference lin ra reference a romthe nmeasured wafer. gonfiguration;
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standard devi atj.on v of. the obtained differences.as the surface .
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(undul at i on) {my be call ed parangter C%ﬁ. Her(f_, t he fer canfiguration
measur edagtuallypmeasureq va u?é?sarz the reigrence ipecarcraterance plase\it Hien t he

waf er surface is displacenent (height or rouahness)_ in the direction

verti calPasitione (pefeseneamadues)onre anglgred hpafdnthes mpgnmm| walueofithen t he

di spl acenent in the direction vertical to the wafer surface 9 nmakes it
possi bl enagatprer frazmaal wueb A the valhes of the azialierededidfaranees istur t her
eval uation on the wafer thickness nakes it possible to perform
calculated as the surface characteristic B @ag). (Note that this surface
10 characteristic B (sag) may be called parameter B.).
A second aspect of the method for evaluating wafer configuration
according to the present invention comprises the steps of: measuring a
configuration of a wafer at positions with a prescribed space within a surface
of the wafer; providing a first region on the wafer surface for calculating a
15 reference line or a reference plane from the measured wafer configuration;
calculating a reference line or a reference plane in the first region; obtaining
differences between the reference line or the reference plane and actually
measured values within the first region; and calculating a standard deviation
o of the obtained differences as the surface characteristic C (undulatioﬁ).
20 (Note that the surface characteristic C (undulation) may be called parameter
0.
Here, the wafer configuration measured at a plurality of positions
with a prescribed space within the wafer surface is displacement (height or

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

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



eval uati on based on the back side reference. It is preferable to nake the
reference line of fromthe vicinity of the 5 central portion of the wafer
to a boundary of the first region within the first region by reading a
configuration profile (that is, obtai-gng a configuration profile) of from
the central portion of the wafer to the edge portion thereof. The surface
characteristics are preferably analyzed with a value obtained by averaging
configuration profiles of fromthe central portion of the 10 wafer to the
edge portion thereof which are read at a plurality of positions on the
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per i pher @rofil)of frprafthe zentral neatien of she Htafeetevhe sdgepordianfharesf, 10 In
t he met hod according to the present invention, as shown in Fig. 1, a
reference |ine dheasweipes ahesaghesistics aangr ppafpreably naralyreb arithextvadee ve)
regi on

J obtained by averaging configuration profiles of from the central portion of the

10  wafer to the edge portion thereof which are read at a plurality of positions on

the wafer surface.

It is also possible to analyze the surface characteristics from
respective configuration profiles which are read at a plurality of positions of
from the central portion of the wafer to the edge portion thereof, and obtain

15 an average value from a plurality of the analyzed surface characteristics.

Further, the reference plane of the first region is preferably made
from data that are read within the extensive wafer surface of from the central
portion of the wafer to the edge portion thereof.

In the conventional SFQR or the like, a wafer surface is divided info

20 areas (sites) each about 20 mm square in which a reference plane is prepared
for evaluation, but in this case, since a reference plane is prepared in a
narrow area to be averaged, it is often impossible to accurately evaluate
deterioration of an actual configuration or the like. Especially, in this
conventional evaluating method, a configuration of the peripheral portion of

25  the wafer cannot be evaluated accurately.



(a first region) for calculating a reference line or a reference plane from
a basic configuration of a-wafer; the reference |ine or reference plane is
used by 5 extrapolating it to a region to be evaluated such as the

peri pheral portion of the wafer (a sggend region) for analyzing the
surface characteristics of the second region, or the reference line or
reference plane is used in the first region to analyze the surface
characteristics in the first region. Measuring a difference between the
reference line or reference plane and the actual 10 configuration, the
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the first f38icee(fnd d 4 E&eré)ce%ﬁaﬂ@qgg?éﬂé)x@g iﬂﬁo IHBQP'deﬁér%ri‘vé)r}eg%J%f of

present invention is evaluated and quantifie adftferent p

view of {fg,e0 rl'\éﬁ'mﬂ) %?lcam%igkgﬁ ?e%a}‘éxrléee? lefr&te 4 a%fegglagé gléxtf%e F{f hod

according to the present inventron, erence I'i'n “Teference pl ane
surf ace. PRl bERR S RBEF e terdr R ShettoBior TR Bod0dfuat ea by
1 B A3k SR oKt L a8 s SO RS PEROEAS a
bl anc. pr SBarEAEE o M BY RN oL JUAITFBE TSGR EHAGE FRAtACrtotis o e | As
o e S S b g NSRS D e
such a value as represents a whol e (glaobal) wafer configuration. 25 An
appar, at uFegn W anayee the auriace ghammteyatied inthefirrreein. t Meaguringiag
present invention conprises: a configuration nmeasuring unit for measuring a
conf i gur atiffererse hetwegerr the }:ﬁfsi‘&ncengnw o1h refepexrcec plieel ssphdbe oactaakur f ace
of 10  configuration, the measured maximum value is evaluated as a rise (A in Fig.
1), the measured minimum value as a sag (B in Fig. 1), and the dispersion of
roughness in the first region (C in Fig. 1) as undulation. The undulation in
the present invention is evaluated and quantified from a diffefent point of
view of the conventional undulation.
15 In other words, in the method according to the present invention, a
reference line or a reference plane is prepared in an extensive specified
region (a first region) on a wafer surface, which is an area larger than at least
the site to be evaluated by the conventional SFQR or the like; the surface
characteristics in the first region or in a region to be evaluated (a secohd
20 region) other than the first region is evaluated based on the reference line or
reference plane prepared in the extensive specified region (the first region).
As for the evaluation reference, a two-dimensional reference plane
and a straight or curved reference line may be used, but it is necessary to use

such a value as represents a whole (global) wafer configuration.

25 An apparatus for evaluating wafer a configuration according to the



the wafer; a storage device for successively inputting and storing
configuration data neasured by the configuration neasuring unit; and a 5
surface characteristic calculating unit for reading the configuration data
of fromthe central portion of the wafler to the edge portion thereof from
the storage device, calculating a reference line or a reference plane in a
region of fromthe central portion of the wafer to an arbitrary portion
thereof, analyzing a difference between the reference line or the
reference plane and 10 an arbitrary position, and cal culating the anal yzed

di f f er engeessntsimvbacien cohaprasdsehicohfigaratite nedzeviermpent it doe theagafingu at i on
measuring unit is preferably a displacenent neasuring unit for neasuring

di spl acen®ifigupatibe oftial #aldroat pygtibhs Hith @ grestibed %ﬁ_@(f:e antestrfabapfl of a
surface of the wafer placed on the test 15 stand within a wafer surface, or

a thickneps RPZRYS | 29 stétalge! HevitRaSE | RUccbssivlF KERRtRIg da@f Sforigd d by a
wafer holding jig wthin the wafer surface. The apparatus according to the

present igyey 'Qﬂohsd&gv%\%gg%%hf}’tl’sz%gnggﬁrat?ﬁir LG I ﬁg{lj@d

according to-the present vice tabricating net

000" §f N a RSN DYRNTAL o BONERALADLE B AR B U, OF 2

waf er “w an exposure system vVice 1S rica waf er
PRI 10 LIS 0, Ao e b sl Sk L P o
e Ln e peroRter ALiRaLLien o Sueler be e Lt e denlse L
Above: ok GhE SOHIGaL HIaVRE: Rbdbas WEH 1t0a8np SSHPIATS. PELERE: erser ¢ i s
' analyzing a difference between the reference line or the reference plane and
10 an arbitrary position, and calculating the analyzed difference as surface
characteristics.

The above-mentioned configuration measuring unit is preferably a
displacement measuring unit for measuring displacement in the direction
vertical to a surface of a test stand of a surface of the wafer placed on the test

15 stand within a wafer surface, or a thickness measuring unit for measuring a
thickness of a wafer held by a wafer holding jig within the wafer surface. The
apparatus according to the present invention is advantageously used for
carrying out the method according to the present invention.

In a device fabricating method according to the present inventidn,

20 when fabricating a device on a wafer with an exposure system, the device is
fabricated using the wafer having the surface characteristic A (rise) of 150
nm or less calculated by the above-mentioned evaluating method and
apparatus.

Thus, the effect of rise in the peripheral portion of a wafer is great in

25  the device fabricating process using an exposure system; it is preferable to



effective to fabricate a device using an exposure systemw th a wafer of A
= 150 nmor less. It is preferable to make the rising conponents as snal
as 5 possible, but it is not preferable to nake sagging too | arge, so that
the lower |imt thereof is about -202vm Further, when fabricating a
device with an exposure system it is preferable to fabricate the device
using the wafer having the surface characteristic B (sag) of -300 nm or

| ess, especially of -300nmto -900nm 10. cal cul ated by the above-nentioned
eval uati ng method and apparatus. It is nost inportant for the wafer used in
an exposurakesystwettue oof hthee suefacesehaiacténdstier Aplieise) dboainedn biyheheof, but
too large sagging is not preferable, and the degree of slight sagging is

pr ef er abhBoveFhlenmtidnedr évdlaatiakymettic] 6k abhall fa@r psiayblee EahuciAntiignsa wafer
of the order of -300 nmto about -900 15 nm especially of the order of

-500 N b ffectP0td Ebkiddie 1 8o RRORINERD | 3BBEurd BAGERSwithE Wigbfbf ac<or di ng

to the present invention has the surface™ characteristic A (rise) of 150 nm

or | ol ?86 ﬁxﬂ%rslﬁéé.ar‘[mg i{ﬁ%i@%ﬁ@%%ﬁk@ tﬁ%%@ingqyomgb%%ng%grsnl%qfﬁs 20 In

brief, I's preferab e surface characteri rise) 1s 150 nm

O LS BOSLbC PR ACLATBGHSL LS LAPLARG) 1h8 15300 A R 2

waf er n’the devic catin ro exposure system

Since the_conyvent i.ona f i s not evaluated by the above-nentioned
B Rt 1 R

I ndexes, ™ the peri pheral portion 25 thereof. For
I nstance, in thg conventional. wafer the above .paraneter Ais - 13 .negative
(2200 nm or | esEYFH PeToHBIEIME & Jeyice Hatth At XOSLLE SyemidS sags

dre ?l | m.p?giteggbll;r %n iaab\{'vﬁ:];% ’t}fehec'\le\\lz\lﬁ:]:aeas{nsg %Plte tw%fgravheav?néi alien%urface
characteristic B (sag) of -300 nm or less, especially of ~300nm to ~900nm

10 calculated by the above-mentioned evaluating method and apparatus.

It is most important for the wafer used in an exposure system to
have no rise at the peripheral portion thereof, but too large sagging is not
preferable, and the degree of slight sagging is preferable. Thus, there is very
preferable for device fabrication a wafer of the order of -300 nm to about ~900

15 nm, especially of the order of =500 nm to —-600 nm with the above-mentioned
indexes.

The wafer according to the present invention has the surface
characteristic A (rise) of 150 nm or less and the surface characteristic B (sag)
of —300 nm or less.

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

Since the‘ conventional wafer is mnot evaluated by the
above-mentioned indexes, many sags are found in the peripheral portion

25 thereof. For instance, in the conventional wafer the above parameter A is



configuration and the above paraneter A becomes 200 nm or nore. However,
since it is difficult to satisfy the above-nentioned wafer 5 quality by

t he usual polishing, in the present invention the wafer peripheral portion
i's polished especially carefully to-pgnaufacture the wafer having the
paranmeter ranges as descri bed above. There could be conceivably various

nmet hods for neeting the above requirenents: for instance, a first nethod
in which a work is polished in a 10 state that a coating film made of
material having a polishing rate slower than that of a work is forned on

t he wor kdgative(ered npe bt 1¢x8) hAd aHé patamepst B 91700 nidé:Elebfeamh thie second
method in which a work is polished in a manner that an inproved neans for

hol di ng ag¥ohke | igiRted ethont Nt whier! h@ieSwePfisaapPrds hBokdingisigate is
i nproved, or a work is chucked at its peripheral portion by a 15 work

hol ding &hﬁgﬁgiﬁi&ﬂ ahdHe tfo%gi;a,%g%géfa IAtO‘%?C?g]er%re 240 bRy region and a

soft perip portion there in which a front
surface of a [ |_S: \: . ' ' ormed on
a back surf ac?%&e‘?%mgﬁdeaﬁégt 12(’1 %?&B i@%&]ﬁb?%ﬁ%% blB ﬁ%i%ac ﬁc%g?‘}iaﬁ?%g and in
t hi s.nmet hod.. per jypheral, s .can_aliso be controlled,hy differentiating the
i cRnec i e B S PR RE o ER SR Bhe By At BF b | e
waf er and the central ortiaon the f to change th old shin essure on
e per 1 E0R fggtised SPhuadS cateliifhts araitacire the PPt AaRSHE | n whi ch
a dianmeter of a wafer Dbefor thqwgrinary polishing is made | arger than
t hat of Ratameter JARGEHRY HERAL0RS 3B esags in the peripheral portion are
controlled by anf eri t he wajeL -14 with decreasing the di angter thereof
after the pri rg floudeh b pongeivaply, vapienp srethodgpy megting the ABOYR)| i shed
in such a way that by inproving the ) _ ) ) )
requirements: for instance, a first method in which a work is polished in a
10 state that a coating film made of material having a polishing rate slower than
that of a work is formed on the work peripheral portion to adjust a polishing
rate thereon; a second method in which a work is polished in 2 manner that
an improved means for holding a work is employed, that is the size of a work
holding plate is improved, or a work is chucked at its peripheral portion by a
15  work holding plate with a hard central portion of a work holding region and a
soft peripheral portion thereof; and a third method in which a front surface of
a work is polished in a manner that a back coating is formed on a back
surface of a work and the work is held at the back coating, and in this method
peripheral sags can also be controlled by differentiating the thickness of the
20 back coating between the peripheral portion of the wafer and the central
portion thereof to change the polishing pressure on the peripheral portion
thereof.
Further there are a fourth method in which a diameter of a wafer

before the primary polishing is made larger than that of the finished product

25 and sags in the peripheral portion are controlled by chamfering the wafer



polishing head the pressing force against the peripheral portion of a work
Is controlled independently fromthe central portion thereof and a sixth
met hod 5 conpletely different fromthe above nmethods in which a peripheral
configuration of a work is controll edidy plasma etching the periphera
portion thereof after polishing. However, even if a wafer is polished
carefully under the manufacturing nethods described above, it is
frequently necessarily 10 inpossible to nmanufacture the wafer satisfying
t he above paranmeters A and B with certainty. Accordingly, manufactured

waf ers akgtls Adceshdiff Ahe drhéteat thageofUfib S eBe WriRatkPeiBlisthias; hsfifthhe waf er
sorting nethod according to the present invention is for sorting a wafer

on whi chygahbass #hicH abwhed! RdpdtidHedlin SRcIEAPREY that i RlbroigE&he there
is sorted the wafer having the surface characteristic A (rise) of 150 nm

v er 1 s Poua T e (A Br R e TOTED AR e o IO JICIEDH I,
are 1 abr Fabfeea Ritade TR RP Gy Bheiimiith Bndfofinnils M BedtBdTr o e
oval LBt OB IR SHEEREn B CH VAR PREIPARE na. VRIS, 2 b BBRETHlg vt er s
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yield can further be_ ipproved. .15 In addition, fine irregularities on a

vaf er suthareof abieE Polishg- opogr aphy are beconming a probl em too. The same

i nformation as the . ) .
However, even if a wafer is polished carefully under the

manufacturing methods described above, it is frequently necessarily
10 impossible to manufacture the wafer satisfying_ the above parameters A and
B with certainty.

Accordingly, manufactured wafers are sorted before fabricating
devices with them. That is, the wafer sorting method according to the
present invention is for sorting a wafer on which devices are fabricated with

15 an exposure system, wherein there is sorted the wafer having the surface
characteristic A (rise) of 150 nm or less evaluated by the above-mentioned
evaluating method.

Likewise, a wafer is evaluated and sorted in terms of the parameter
B. That is, the inventive wafer sorting method is for sorting a wafer on whiéh

20  devices are fabricated with an exposure system, wherein further there is
sorted the wafer having the surface characteristic B (sag) of ~300 nm or less
evaluated by the above-mentioned evaluating method.

Thus, by sorting wafers polished in the wafer manufacturing process,
there can be obtained wafers more suitable for the device fabricating process,

26  and the fabrication yield can further be improved.



above quality can be evaluated by using the surface characteristic C
(undul ation) of the inventive evaluating nethod too; the surface 5
characteristic C (undulation) of 20 nmor less nay lead to a wafer with an
excel l ent surface state. The values ft§-the surface characteristics are
eval uated using data obtained by setting a boundary (an arbitrary position
X) between the first region and the second region to a position of 30 nm
away fromthe peripheral edge of the wafer; neasurenment of a wafer
configuration 10. is based on the data obtained by excluding the area with
1 mmin w dth alongdditienpefinphérrebubaitiéononf a heaf@f esuffacc! nditegl t he
chanfered portion). Brief Description of the Drawings: Fig. 1 is an

expl anat arahotogograpbyidig ebeiing iaCedoblem ool MTRe sdhieiigbanationadatlieons
between the reference line and the first region and the second region in

the net haghokBr qaYRtHaldN hed e%fx&{te&olﬁ‘}'ﬂéihﬁt L s ieEQ Ehadadteristie Iy esent
invention; Fig. 2 is an explanatory view showing the first region and the

second  r(@gHAM st her ”ﬁié‘oﬁlee%tn%vaé\}ﬁﬁéﬂﬂgqu&@ﬁﬁfd Cog. | Qipat i, @ccor ding

to the 20 present invention; Fi s an anatory view ShOWI ng an

exanpke thagact%?f‘sti@' %n?ﬂ x{)e&* kP r?é’&' %yl%Qd't% zwfal F Wit 0"

eval uating a Ut atl on ‘accor resen i%h; Fig.
0 o SRR SN ST S Bl IR, 7
Aot her el @R i EE Rl AR B ﬁ%ﬁt'r%e@?%ﬁﬁi%w iR h bt BTt hod
for e.val Lbat Iwrégnathwattlrst region and the second region to a position of 30 mm away
from the peripheral edge of the wafer; measurement of a wafer configuration

10  is based on the data obtained by excluding the area with 1 mm in width along

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

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

Fig. 2 is an explanatory view showing the first region and the second

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

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

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

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




configuration according to the present invention; 5 Fig. 6 is a schematic
side view showi ng an essential structure of a first enbodi nent of an
apparatus for evaluating a wafer configuration according to the present
invention, Fig. 7 is a schematic sidegiew showi ng an essential structure a
second enbodi nent of an apparatus for evaluating a wafer configuration 10
according to the present invention; Fig. 8 is a flow chart show ng an
exanpl e of a process sequence in a device fabricating method according to
the present invention; and Fig. 9 is a graph showi ng an eval uation result
of the s > | S i i openuf acturing processes in

| nventi vgséggﬁn%?%&?ge%%méiegﬁd tﬁ/lbeﬁcéﬂe %]}r{@{éiav(ryrﬂ;llo% Qut the Invention:

Embodi ment s of gy Jekhed LoTe YA, el MoRinECRhbEA Lk BMIBCEPTAl O L0
t he present invention and an‘apparatus used for-carrying ou e net hod
are described in detail below wi th reference tq t acc nyin 0

i o g B menddlregtti il Ve85 TRIRE Fpbhad B SRIRAREA St
Generally, .a Eer.i her al.. ed e}Portion of the wafer Wis chanifered to
prevent CPREERRRFION acGarding %et ePTERERE BHERYUOBr ti on Wn bei ng f or med.

Usual Ly, this c ni%ered portjon Wn.is ignared in evaluati ng a er
confiGuration, Ang @it acichgmatiessidgiviey dovegsan epatial stpuctyrgiQfaing a
waf er configuration is often perforned on a_region of a main surface W of
t he waf erfingf vembadinaerto phean Rppexaturdifer) exaleateng wa t Walar, sopfiguratean apout 3

mm or about 2 mmfromthe chanfered portion Wn of
according to the present invention;

Fig. 7 is a schematic side view showing an essential structure a
second embodiment of an apparatus for evaluating a wafer configuration
10  according to the present invention;
Fig. 8 is a flow chart showing an example of a process sequence in a
device fabricating method according to the present invention; and
Fig. 9 is a graph showing an evaluation result of the surface

characteristic A in various manufacturing processes in Inventive Example 1.

15
Best Mode for Carrying Out the Invention:

Embodiments of a method for evaluating a wafer configuration
according to the present invention and an apparatus used for carrying out the
method are described in detail below with reference to the accompanyiﬁg

20 drawings.

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

25  object of measurement.



the wafer W However, recently it is required to evaluate the regi on which
Is 5 formed by excluding an area with the width of 1lmmfromthe chanfered
portion or the region to the very limt of the boundary between the main
surface and the chanfered portion. Colatdering measuring precision and the
like, in the present state it is preferable to evaluate the region forned
by excluding an area with the width of 1lmmfromthe chanfered portion Wn
10 Fig. 1 schematically shows displacenment in thickness of a surface of a
wafer W A main purpose of the nethod for evaluating a wafer configuration
accordi ng to thEvahesary awafentorfiguition fusfedn pyrformedamn saggiorhofd is
easily generated on an area with the width of about 10 nmof the

peri pher ghaipodurfade Wn bhehevahesr WLGHIEH id PnidiebsRaxehaling 20atéORivM) . 15
In the nmethod for evaluating a wafer configuration according to the

present itHY QHtIPBf aBEUS B%fﬁl bP abb@t 2lmp@ fFdth Qh@r&h%nhfe?@d %)Qﬁueﬁ Wi @Fer ence
pl ane 10b is prepared within an extensive region (a first region) W for

cal cul at kg widter WET BloGRGEr, delEntlP% R rd tqlﬁ?ﬂédeﬁoeé\%ﬁg\?eo% g:} vﬂficﬁ1 fer

surface fromthe basic conflgura I on of e wafer erence [ine 10a

or 205t g, il bypexeil ﬂ{bﬁaﬁo da’ Bﬂ “cﬁé’%fc&ﬁdof‘ E‘hé ach%gﬁf%@gdreg' on)

W2 to be eva perip era por ono evvaer I'S used

t hereon for,. anal Mzi ng.the s face hara tlc e second regi on W,

or i us@iTHiRD i Frepr ggths, ¥ s, oy Saed  hFagg Rt s

characteristics 0 V\2 V\L 25 Differences hetween e

Fof er encdy Ff 1@ ansref Bomten {}Plawéenilg %BS%agaﬁealémwdttﬂe

confi gur t he wafer are neas and t asur ed Xi val ue is
Jrmedh

eval uat e i WGS?HESF@SSJGH@(PI' ‘ﬁ‘ 10 \PYR, 'ies ALt Y B, and

di spersion C f roughness first region
P exclud?ng an agrea W1th tﬂe width of Imm @om the chamfered portion Wm.

10 Fig. 1 schematically shows displacement in thickness of a surface of
a wafer W. A main purpose of the method for evaluating a wafer
configuration according to the present invention is to quantify rise or sag
which is eésily generated on an area with the width of about 10 mm of the
peripheral portion of the wafer (10 mm from the chamfered portion Wm).

15 In the method for evaluating a wafer configuration according to the
present invention, as shown in Fig. 1, a reference line 10a or a reference
plane 10b is prepared within an extensive region (a first region) W1 for
calculating the reference line 10a or the reference plane 10b in a wafer
surface from the basic configuration of the wafer W; the reference line 10a or

20 the reference plane 10b is extrapolated to a region (a second region) W2 to be
evaluated on the peripheral portion of the wafer, and is used thereon for
analyzing the surface characteristics of the second region W2, or is used in
the first region W1 fqr analyzing the surface characteristics of the regions W2

or W1.

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



WL is evaluated as undulation. It is to be noted that , in Fig. 1,
designated by 5 W is a central portion of a wafer, We is an edge portion
of the wafer, and X is a boundary between the first region WL and t he
second region W2, which is provided]gt- an arbitrary position. In the

met hod for evaluating a wafer configuration by preparing a reference |ine,
a configuration of a wafer is neasured at positions with a 10 prescribed
space on a surface of the wafer; the nmeasured wafer configuration are
successively stored; a configuration profile of fromthe central portion W

of the viEGlerand tan tdreugd@enfigiiration Vef tther eaffeRsar@hanbadurelti tand ke read
from the stored configuration; there is calculated a reference line up to

a boundah¥asuted makemiin Saliedé @rallatBd M FRE Al RS B¢ rbarMiRiasid On away
fromthe 15 central portion (in the radial direction of the wafer); and

i oot oy e RETare) HEERe Ty LA MAURELAT Bl r Al iots e B bERR (102 ot

direction o wa ness a va rence ne 10a at
thi s posgitiQn.l I ._he ' face ¢ teristics.
The rof of Arse R A B dBoRC 16, EbEhSEEimdT i 3, RARsRNAGT, X G
i neno I I L i tion_ of . cent ral rti f the
waf of W VsD el FOrHRH o ar P Bl s ofeq ROBIST B O B pRRAESs ¢ 0%
high flatness |leyvel, so,that the.re ence,line is full pr oxi.mat ed by
the st  of GRERARIY, e garthe st Hiiod W1 B3EF e, Aoogntk retion AP Gt Runen * he
first region d[25 WL d the second region W2 is preferably provided at an
arbitrarlgrob’b‘%q %m@“rww%m al direction of the wafer Wand in an
area (as extensive as possible) . of the wafer Wwhere no peripheral sag nor
ri se, i(s gener atsledﬂ. ep@@ghq»fitf%eﬁelua&%awa Egondigqraren) b prepatingian t he

area.outsi de of about 10 nm away from i . .
reference line, a configuration of a wafer is measured at positions with a

10 prescribed space on a surface of the wafer; the measured wafer configuration
are successively stored; a configuration profile of from the central portion Wec
of the wafer W to the edge portion We thereof as shown in Fig. 3 is read from
the stored configuration; there is calculated a reference line up to a boundary
X of the first region W1 provided at an arbitrary position away from the

15  central portion (in the radial direction of the wafer); and then a difference
between a configuration at an arbitrary position (in the direction of the wafer
thickness) and a value of the reference line 10a at this position is analyzed to
be calculated as the surface characteristics.

The reference line may be approximated by a straight line or -a

20  curved line most well reflecting a configuration of the central portion of the
wafer W, but usually the central portion of the wafer W is polished to a high
flatness level, so that the reference line is fully approximated by the straight
line.

Here, an arbitrary position X of a boundary between the first region

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



t he peripheral edge of the wafer, so that the arbitrary position (boundary)
X 5 shoul d preferably be provided at a 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 positi®n of 70 mMm away fromthe central
portion of the wafer in the case of an 8 inch wafer (200 mmin dianeter)
and at a position of 120 nmaway fromthe central portion in the case of a
12 inch wafer (300 mm 10 in dianeter). However, this position may be freely
changed according to the wafer size and others so that the wafer quality
can be eimafheatarliahadistctiae ofttat whier Wraridén artdred (af exteheitleadd pessibie)
specific surface characteristics to be evaluated by preparing a reference

line, a ¢biHd @ufat WorwhRE®hbl ordfhéralahgmdl riddidgehsrafed hFoganttadceportion
W to the edge portion We is read; a reference Iine of fromthe central

porti on \udi0y 8iePaRll thalikeRRENE IPPheakda 6@lssad 8F £Bout! T8 Mmm @A lrosn

anal yzed a difference between a configuration at an arbitrary “position in

the ra“gﬁeoéezfi?gg}é\}tﬁ%&g&?g%%é{f&o% H'lé?i‘tlfﬁ? %ie)oi?%& 2 iBR(hd cllj%gir)}(a“

actual l y neasu a reference rence va at this
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i ne at y position n ]I1
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peri pher al é)ort lon of -20 the wafer. Also, a configuration profijle qf from

the cent Maferty thegasaofsn § tnch wafes (2QPimm mediametesbapd gt aRosidopgly: a

reference_line of fromthe central . . .
0 mm away from the central portion in the case of a 12 inch wafer (300 mm

10 in diameter). However, this position may be freely changed according to the
wafer size and others so that the wafer quality can be evaluated most
accurately.

In the method of calculating the specific surface characteristics to be
evaluated by preparing a reference line, a configuration profile of a wafer W

15  of from the central portion Wc to the edge portion We is read; a reference line
of from the central portion Wc to an arbitrary position X is calculated; then
there is analyzed a difference between a configuration at an arbitrary
position in the range of from the arbitrary position X to the edge portion We
(an actually measured value) and a reference line (a reference value) at this

20 position [a configuration at an arbitrary position (an actually measured
value) — a reference line at an arbitrary position (a reference value)l; 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 (rise).  This surface characteristic A

25 quantitatively indicates a rising configuration on the peripheral portion of



portion to an arbitrary position X is calculated; then there is analyzed a
5 difference between a configuration at an arbitrary position in the range
of fromthe arbitrary position X to the edge portion W (an actually
nmeasured value) and a reference lingda reference value) at this position
[a configuration at an arbitrary position (an actually neasured value) - a
reference line at an arbitrary position (a reference value)]; and the

m ni nrum val ue anong the 10 anal yzed val ues (usually the negative maxi mum
value) is calculated as the surface characteristic B (sag). This surface
charactqﬂ#g%ggrB guantitatively indicates a sagging configuration on the
peri pheral portion of the wafer. Further, a configuration profile of from

the central porgi.on t hg. e ' ( udi ng
t he chanf ered é)ltfséj’i %Mglﬁgaofﬁoggﬁwfaﬂ?g Q%eegg@tr??ﬁtg&@?ntmt & central
portion to,t rhitrary positign . X is,.calculated,. th a di.fference
Dot wean VA T B it e2d mB7at P 45 anda” S aelhaphos g T ai s SRR om
the central, portion to. the arbitragy.posjtion X (an . actually neasured
Vel uey | ROKISRa b SER e PAPGIAR & b CRIoHRBch han idiee 3l ARAIVPEd &
cal cul at&. as te?:g surface ct&ggract,eri stic C_(undul ati gn).. }E}:es surfage 20
% i

char &t e PRCCOBIEPRT Bafqriigyrating ot posashitiate nosition e heg Pon and a
flatness | evel of the central portion of the wafer, Wen the whole wafer is
eval uat effoBy thearkitears pesitiqn-Ritadhsiestes potkicn W @n actyallyi mgaguradur al ity
of radial measuring positions as indicated by the dotted line in Fig. 3,
conf i gurvaluehapd afneferense lineda nelﬂe;re@gwahle)mmhlaﬂpsmomga eenfigieradinye
portion W (excluding the chanfered portion W) are read from .21 the

pl ural i t 3t ah apbitrarpopesitiont (ae awfiely snedsred vaubde)anaaefaragee bhetdtanr ead

val ues may be used for analysis of the surface characteristics. In other
words, arhitrarglpdsytioh (@aordfegpicatvalnellt ahidl g arintrhamwehhie amdmgctheray be

r eadl(;[ -O analyzed values (usually the negative maximum value) is calculated as the
surface characteristic B (sag). This surface characteristic B quantitatively
indicates a sagging configuration on the peripheral portion of the wafer.

Further, a configuration profile of from the central portion Wec of the

wafer W to the edge portion We (excluding the chamfered portion Wm) is

15 read; a reference line of from the central portion to the arbitrary position X is

calculated, then a difference between the reference line (a reference value)

and a configuration from the central portion to the arbitrary position X (an

actually measured value) is obtained; and the dispersion of the obtained

values is calculated as the surface characteristic C (undulétion). This surfaée

20 characteristic C quantitatively indicates an undulating configuration and a
flatness level of the central portion of the wafer.

When the whole wafer is evaluated by means of the one-dimensional

analysis, providing a plurality of radial measuring positions as indicated by

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

25  to the edge portion We (excluding the chamfered portion Wm) are read from



previously obtain an average val ue of the configuration profiles (an
average 5 configuration profile), and the surface characteristics may be
anal yzed from the average configuration profile. The surface
characteristics are analyzed on the 2bsis of the configuration profile of
fromthe central portion W to the edge portion W and then the average
val ue thereof nay be obtained, too. Wth the above eval uating nethod, it
is possible to elimnate unnecessary 10 noi ses such as taper conponents of
a wafer. When a configuration profile of a wafer is analyzed radially

al ong abthet phd@lity nfspdsations oh tlegwedernparfade, drk ani afamgatdfaheareadhe whol e
surface of the wafer can be evaluated nore accurately. In the nethod for

eval uat i vglueswmfipbe agpliifgranilysis dftherstpfice tbadactbPisties el belerdvaril, 10D,
the whol e surface of the wafer Was shown in Fig. 4 is divided into, for

i nst anceg ﬁmahfye@f%ﬁﬁgu@aﬁaﬁhpﬂfﬁlémndthfé Q@ﬂef %%%a mra§7f B& 6R48 {3l anes

are prepared on extensive first regions a, e, WLd (wth any
form i nChuRk&gsIH HIHAL & 5h0 fer;
differ ences 1(:5'%5 ?erms 0 nq{] gnflgugr 3{%%:@%\5 Seggerhtgte}grﬁ nes 20
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char act e f the wafer
W1% t?le C)bove evaluating method, it is possible to eliminate unnecessary

10  noises such as taper components of a wafer. When a configuration profile of a
wafer is analyzed radially along about 400 lines (about 1 degree apart), the
information on the whole surface of the wafer can be evaluated more
accurately.

In the method for evaluating a wafer configuration by preparing a

15 | reference plane 10b, the whole surface of the wafer W as shown in Fig. 4 is
divided into, for instance, four regions; in each of the divided regions
reference planes are prepared on extensive first regions Wia, W1lb, Wic, and
W1d (with any form including a square or a sector) in a central portion of the
wafer; differences in terms of the configuration between the reference planés

20 and arbitrary planes (second regions W2a, W2b, W2c, and W2d to be
evaluated with any form including a square or a whole peripheral portion)
are analyzed to be calculated as the surface characteristics. Fig. 4 shows
various examples (four patterns) of how to provide the regions. In addition to
the above example of the four divided regions, a first region W1 and a second

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



Al so when evaluation is perforned by preparing the reference plane 5 10b
as in analysis using the reference line 10a, data for the extensive first
region of fromthe central portion W of the wafer Wto the edge portion W
thereof is read; a reference plane of2dromthe central portion to an
arbitrary area is calculated; then there is analyzed a difference between
a second region to be evaluated on the peripheral portion of the wafer W
and the 10 reference plane 10b (a configuration at an arbitrary position -
a reference plane at the arbitrary position); and the maxi mum val ue anong

t he anal wafsk ayashoves (gl b yandehpaifferereesdnitemis dbfsthleacmfipuirationunt or
the maxi mum thickness difference) is calculated as the surface

char act epétstdem thdrhigy be didignidsed éMdubtdiivisuifatdichdrastatidtycs dfechaegat i ve
maxi mum val ue) in the 15 second region is cal culated as the surface

charactegiygdd ¢ B (sag). Further the dispersion of the roughness in the
extensive first region in the central portion of the wafer fromthe

reference plane s% whbH lé'v%ﬁga%ﬁlst fHREBBE r%@flﬁ%ttﬁé 'r?fe'r&n& lane

(undul ation). e prescri measur enent spa e on t er sur ace shoul d
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eval uation i's per o e space bern , hore accurate
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the appa;ggtlglsl googeegvaallggtt:eldngn e penpheral portion of the wafer W and the
10 reference plane 10b (a configuration at an arbitrary position — a reference
plane at the arbitrary position); 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 (rise).
Likewise the minimum value (usually the negative maximum value) in the
15 second region is calculated as the surface characteristic B (sag). Further the
dispersion of the roughness in the extensive first region in the central portion
of the wafer from the reference plane is calculated as the surface
characteristic C (undulation).
The prescribed measurement space on the wafer surface should be
20 preferably within 1 mm. The space is naturally more than 0 mm, but
evaluation is performed with the space being smaller, more accurate"
configuration can be quantified.
By making use of the surface characteristics, evaluation of wafer

configuration can be performed more accurately than the conventional

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



configuration according to the present invention. An apparatus 20 for 5
evaluating a wafer configuration shown in Fig. 6 is an apparatus used for
measur enent and anal ysis of displacenent of a surface of a wafer W which
conprises a test stand 22, and a di s@3acenent neasuring unit 26 having a
di spl acenent gauge 24 equipped with a |laser oscillator or an automatic
focusi ng nmechanism a conputer 28, etc., and optically nmeasures shifts in
the 10 distance fromthe previously calibrated reference point as the

di spl acenent. In the enbodi nrent shown in Fig. 6, the displacenent
measuring unit NMéxt, annetdlaasingsapparatis fpurpdrformningathier aretandlysiflie test
stand 22 is a stand used for placing thereon a silicon wafer Was an

obj ect t@eél@ibm&%lbﬁd-FiEhe_iﬂh%@h@ﬁ@ﬂi@@kgﬂﬁﬂﬁ@rﬂéieiwssﬁéw&% atdentialS for
irradiating a |aser beamwi th a prescribed space onto a surface of a

silicon yaheturd/ of deEKiAR ERBoARRENS bAHe 22ppARTul Tbr IR BANGEe WaldgNe | aser
or the like is used as the |aser beam The 'di splacenent gauge 24 is

eQut PDEM fors B0 ATRLAE 0BHS RS O R 0 hS
Coune PEARBh D ATE o RSSO0 B R0k, LRBHEINY Rt (0t
ne L RS Dk ST of AP A ARG S,
o ok G 9RO Bl RS BHh OB A SRS BRI e Y, 23
R G T ST IR SN St 2
di spl 'acegcﬁzr&tsir?gaxtnaec grtu%lljxtl, a]: &)Onrlnphpeer 2d8i,sé é ,a gggggéicaﬂy measures shifts in the
10 distance from the previously calibrated reference point as the displacement.
In the embodiment shown in Fig. 6, the displacement measuring unit 26
functions as a configuration measuring unit.
The test stand 22 is a stand used for placing thereon a silicon wafer
W as an object to be measured. The displacement gauge 24 is an apparatus
15 forirradiating 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
mechanism is provided with, for instance, a CCD (Charge Coupled Devicé)
20 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 displaqement gauge 24 measures the displacement from a

reference point when focused by the automatic focusing mechanism, and

25  inputs the displacement data into the computer 28.



gauge 24 are input, reads the analysis programstored in the ROM using the
5 RAM as a work area, and calcul ates the surface characteristics A B, and
C of the wafer quality according to the present invention fromthe input

di spl acenent data with the CPU. The -d4rface characteristics are paraneters
especially used for evaluation of a peripheral portion of the wafer. In

ot her words, the conputer 28 conprises a storage neans for 10 successively
inputting and storing configuration data obtained by the displacement
measuring unit (the configuration nmeasuring unit) 26, and a surface
characteri sti c Th¢ comatiterg28iid ¢qiipped edth raglPhTe(Gmnfa]gBrc&bssnngdm@ of from
the central portion of the wafer Wto the edge portion thereof fromthe

storage seRAM (Rahdothaddcags Memabey)eaa ROM Rexd OnlgMeroer), pt@n®hér om t he
15 central portion of the wafer to an arbitrary portion, then analyzing a

di ff er enggmpateree® itfdewhRhetheisplacement dabs ohfif & RometHY @iRBlABeheRR
arbitrary ©position, and calculating the analyzed difference as the surface

char acte |
_ ga&%oga -arbliflput, defd8 tRE Qﬁ%?shﬁg?%%ﬁ{‘%%d’ iy %E&VHBM%QQ Fhe

essenti a structure of a seco ment of the apparatus for

eval uat | RAM c?‘@ae{ Rork Go8d! %H{ 1AMt = £ S Artgcd éﬁﬁte‘}is‘%i% B”é’r?d‘ gn. In

anot her odi nent or para eva uat I'ng con |gurat i on,
ol ect ?52?&“? W el ﬁ%éc%%h”ﬂ@‘e% e, éees%?}F Rikics grfr@n}bt sﬁgsﬁ% Wa er
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between them asIr? Q)% er Ivg]orlczils the co%{]puter 28 comprises a storage means for
10 successively inputting and storing configuration data obtained by the
displacement measuring unit (the configuration measuring unit) 26, and a
surface characteristic calculating unit for reading the configuration data of
from the central portion of the wafer W to the edge portion thereof from the
storage device, calculating a reference line or a reference plane from the
15  central portion of the wafer to an arbitrary portion, then analyzing a
difference between the reference line or the reference plane and an arbitrary
position, and calculating the analyzed difference as the surface
characteristics.
Fig. 7 is a schematic explanatory view showing an essential
20  structure of a second 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
measured with a _ﬂatness measuring unit based on an electrostatic

capacitance system in place of displacement of the wafer surface. The

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



measures the thickness of the wafer Wby nmeasuring the di stances between 5
the sensors 32a, 32b and upper and | ower surfaces of the wafer W
respectively. As the flatness nmeasuring unit based on the electrostatic
capaci tance system a comercial norn2gontact .type of wafer thickness,

fl at ness and BON WARP neasuring unit such as Utra Gauge 9900 produced by
ADE Corp. may be used. 10. The apparatus 30 for evaluating a wafer
configuration shown in Fig. 7 conprises a wafer holding jig 36 for hol ding
a wafer W the above -nentioned thickness neasuring unit 34, and a

conput er 328, tldeknéss HERRut@hentRRSH BUNgq@iphBl Gkitbss thickinkes waluge 32 In the
enbodi nent shown in Fig. 7, the thickness neasuring unit 34 functions as a

confi gur é’dﬂlﬁf(}sﬁfga&%ﬂrﬂgtalﬂfb} éagaflﬁaﬁéw@pea&mﬁ@émnqﬁo%abé&@éo&@gzap@% atus my

be used w thout any specifi Imtation, provided that it can finely and

accur at 65%;3% HURER thaPPid G4t WoRheld bERS RIdrh 88 )shBlvntiferipat efn v The

surface characteristics AL B and C are evaluated on the basis of the

i P! aceibufs Il ORSS.S BN P WWIRSEIIAGH BN ORREL bobPbly . (e
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eval uation us{%n the surface characteristic C ac}tgual |y

cal cul at E8PaN é}S‘TﬁfSPﬁt fs COHMEEFR LBeT Ivg" “@a?&e %go‘ﬁan e@uF}HP BfS%accor di ng
val ues | gackere s BORINLERE! hrasring A snelk conorUliry Gaee 9900
' produced by ADE Corp. may be used.
10 The apparatus 30 for evaluating a wafer configuration shown in Fig.
7 comprises a wafer holding jig 36 for holding a wafer W, the above
-mentioned thickness measuring unit 34, and a computer 28, and is used for
measuring a thickness of the wafer W. In the embodiment shown in Fig. 7,
the thickness measuring unit 34 functions as a configuration measuring unit.

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

The surface characteristics A, B and C are evaluated on the basis of
the displacement or thickness measured as described above. Specifically, the

20 reference line or reference plane is a line or a plane calculated by means of
the method of least squares using data for all points on a region where a
reference is to be prepared. Therefore, it is preferable that the finer becomes
the space with which data are to be sampled. Specifically, a proper range for
the space should be 1 mm or less.

25 The configuration evaluation using the surface characteristics A, B



waf er, and a configuration profile on a cross section thereof. An analysis
5 program of the surface characteristics calculating neans is software in
which an equation for calculating the surface characteristics AL B and C
is programmed. In the analysis progrzdn as for the surface characteristic
A, thickness data of a mrror polished silicon wafer are read with an
arbitrary 10 space (about 1 mm on the silicon wafer fromthe central
portion thereof toward the edge portion; then a reference line (or
reference plane) is prepared using the thickness data in an extensive
first reghdn Gyactmally ehlduibetedmdiyhatheofappaastuss doar eszludiinhge re wafer
(actually neasured values - reference values) between the reference |line

(ref er engenfightigion addréinpotdf ilgus ke ehinkentidatisdlekoribabbeloed Fal.dds) in a
second region to be evaluated are calculated, and the maxi mumvalue w thin

the areagl piedNghowd vdies Ibr the sibfab @ CRaFAREAGHES AsB an® Clofiackwens data
of a mrror polished silicon wafer are read with an arbitrary space (about

1 M onydigy, $ha 'aceah%@;ﬁru&f B%ﬁl@%r?%néfoéé s@@t’iéﬁ QHefdb?r esh dpesid the

edge portion; then eference line (or a reference plane) 1s prepared
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nmet hod st squares erences act ua nmeasur e alues - reference
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(actually rre secon vdl Ua are
cal cul ated, and the m ni mum val ue within the 25 area is analyzed. -27. As
for the & Pg’é?éﬁm(? aracteristic C, thickness data of a mrror polished

c11icon varer ape besdwihon shLliaLyspace (ahou bl on e, siiicon
' thickness data of a mirror polished silicon wafer are read with an arbitrary
10 space (about 1 mm) on the silicon wafer from the central portion thereof
toward the edge portion; then a reference line (or a reference plane) is
prepared using the thickness data in an extensive first region by means of the
method of least squares; differences (actually measured values — reference
values) between the reference line (reference values) and a configuration
15  (actually measured values) in a second region to be evaluated are calculated,
and the maximum value within the area is analyzed.

As for the surface 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

20 reference line (or a reference plane) is prepared usiﬁg the thickness data in
an extensive first region by means of the method of least squares; differences
(actually measured values — reference values) between the reference line
(reference values) and a configuration (actually measured values) in a second
region to be evaluated are calculated, and the minimum value within the

25 area is analyzed.



reference line (or a reference plane) is prepared using the thickness data
in 5 an extensive first region by neans of the nethod of |east squares; a
standard deviation of differences (actually nmeasured val ues - reference
val ues) between the reference |line -(2%ference values) and a configuration
(actually measured values) in the first region to be evaluated is

anal yzed. In the apparatus for evaluating a wafer configuration according
to 10 the present invention as described above, displacenent data neasured
using a |aser beamor thickness data nmeasured using an electrostatic

capacitance type fifr tlhe cdarése deugetarigtio €gdthickness datpuifen, manrcbrt he
surface characteristics A, B and C are cal cul ated by analyzing the read

data wi t BolibBed e WhferldreARadasithi dicariibeite space Gilshiutgl bom) e fheesent
i nvention, a surface configuration of a wafer, especially a peripheral

portion Lheteokafd s tHR\@hal §8ra6s Yhéedt Yowird iR &Bs Sordiord theRG ficC

standard froma different viewpoint fromthe conventional techniques such

as SFQR. L 20eH {ih8Nor iﬁlt rdé'éz;[eREQ %ﬂl@é) §s tggeﬁgfg#ﬁ‘%@g%ﬁ%}ﬁéﬁﬁé&i d&ta in

i nformation as conpared t 0 conventiona luation for the wafer

Gout 817 2l SonBRE ARBGENS VEhfls bithd BBRUPIFRUEIL RRECa e 20 the

device fabrica g process can reover,; the surface

exper | morestatiin o8 fierdived (BOERIT mERLRTR Frlirear: SRRRFRL FEL Ve er
PRGATE IR NE I e e e L,
the |ike and surfage .roughness, a configuration.of a, silicon wafer can be
eval uat ednmtgedcv(?ﬁﬁp%)tléq tgl_er]ﬁGrst region o be vaf‘uatea is analyzed.

' In the apparatus for evaluating a wafer configuration according to

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

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

20 conventional evaluation for the wafer configuration, and hence the yield in
the subsequent processes such as the device fabricating process can be
improved. Moreover, the surface characteristics can be fully used as
parameters for analysis of various experimental data, too.

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

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



The device fabricating method according to the present inventionis 5
described in detail belowwth reference to Fig. 8 of the acconpanyi ng
drawings. Fig. 8 is a flow chart showi ng an exanple of a process sequence
in a device fabricating nmethod accor@8ng to the present invention. As
shown in this figure, roughly speaking, the device fabricating nethod
according to the present invention conprises a single crystal producing
process 100, a wafer 10 manufacturing process 102, a wafer sorting process
104, and a device fabricating process 106. In the device fabricating
process l&Gltation manncdariictich dsnflagmestsedf SFIQR wt tha 1demandnduriace
substrate such as a silicon wafer (including an untreated sem conductor

subst r at ercipthnasd)’ aceshfigufitidd esft @d sflidost vdferi Bad Sbé hevaladtsk fora
sem conductor process) is selectively subjected to various types of

treat ”Entco'iﬂ}lﬂété etching, ion inplantation or others. Here, to selectively
protect a silicon vvafer or the like as a base layer to be treated, a

coating film of 'Fihe's@ dﬁﬂ r?i%ﬁi@ﬁx%@ﬁb& hL‘@orHEé%.‘éé thé g@@éern‘%qnﬂrenﬁén ig
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g-line (wavelength = 436 nm,  of a nercury lanp, an i-line (wavel ength
present invention compnses a single crystal producing process 100, a wafer

10 manufacturing process 102, a wafer sorting process 104, and a device
fabricating process 106.

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

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

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

20 rays such as ultraviolet rays, X rays, or an electron beam is formed on the
substrate, and after that patterning is completed by performing exposure
(herein this term broadly means to expose the resist film not only to visible
light but also to radiant rays such as ultraviolet rays or an electron beam) to
the radiant rays. That is, a resist pattern is formed on the semiconductor

25  substrate through a photolithography process.



= 365 nm) thereof or a KrF excinmer |aser (wavelength = 248 nm as a light 5
source. Here, a photomask is attached to the stepper, and then exposure is
performed. The photonask, also naned reticle, conprises a glass substrate
on which a pattern (such as a netal F28ation pattern) to be transferred is
drawn as a mask pattern with a shielding filmmade of such as chrom um

(CO. In case of exposure, accurate alignnent (overlay) is perforned between
10 the photomask and a circuit pattern already formed on the sem conductor
substrate. The mask pattern drawn on the photomask is projected with the
light emtted flmrédist lpagtorns forbciqihanetiivd heostecohiogly " usetclisides not
only visible light, but also ultraviolet rays or the like), and the

pr oj ect egodfbdhtexpds RS 6Sing Aredaktion Ipbfechivavédrdurd sybtemst@pgeppedli th this
structure, the mask pattern is transferred with a reduced size onto the

resist ceated gqfhet (eavel S£HTNCOATE Sind) ofSH idrb@dElanIpedh §-Mig e @fvelength

subjected to devel opnent 1o form a resist pattern. Types of resist are
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resist, an irradiated portion thereo _ _ d in a devel opi ng
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'n the d (\J/II')C ein case of exposure, accurate alignment (overlay) is performed between
10 the photomask and a circuit pattern already formed on the semiconductor
substrate.
The mask pattern drawn on the photomask is projected with the
light emitted from the light source (herein the tem “light” includes not only
visible light, but also ultraviolet rays or the like), and the projected light
15 passes through a lens provided in the stepper. With this structure, the mask
pattern is transferred with a reduced size onto the resist coated on the
‘semiconductor substrate. Then the resist is subjected to development to form
a resist pattern. Types of resist are divided into a positive type and a
negative type. In the positive type of resist, an irradiated portion thereof is
20 dissolved in a developing solution, while the not-irradiated portion is not
dissolved, and in contrast, in the negative type of resist, the irradiated
portion thereof is not dissolved in a developing éolution, while the
not-irradiated portioln is dissolved.

In the device fabricating process 106, the step of forming a resist

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



fabricating process 106 using the above-nenti oned exposure system wherein
5 the surface characteristic A (rise) is calculated by the above-nentioned
eval uating method, and a device is fabricated using a wafer having the

cal cul ated value of 150 nmor |ess. -130 t he device fabricating process using
an exposure system rises in the peripheral portion of a wafer give severe
I nfl uences, and it is preferable 10 that the value of the surface
characteristic A (rise) obtained through the above-nentioned eval uating
method is smaller. Especially, it is effective to fabricate a device using
an exposprdzesy 30€1s not linfitedhtethdabovegmiceneionadusxaofiplet he surface
characteristic A of 150 nmor less. Further, by using a wafer with the

val ue of the surh@devideafsdricitingt htethdd e @F tf th8Qtreseniointezstion
preferably from-300 nni to -900 nm nore preferably from-500 nmto -600

nm yi el godiflodeti gigatl FREIL AL | ool e wafRPr QKech 14l hbalgh the i devidst
|rrportant for a wafer used in an exposure systemthat there is no rise on

the perighgtal r%)gxtch%b igéhgﬂ;g LR ov%aﬁghgagnba e@gg?roggs%&p%er@ﬁp sli ght

sagging 1's pre er of the or 300 nni to -900
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There is no specifirc acturing net
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the peripheral portion of a wafer give severe influences, and it is preferable
10 that the value of the surface characteristic A (rise) obtained through the
above-mentioned evaluating method is smaller. Especially, it is effective to
fabricate a device using an exposure system with a wafer having the value of
the surface characteristic A of 150 nm or less.
Further, by using a wafer with the value of the surface characteristic
15 B (sag) of —300 nm or less, preferably from —300 nm to —900 nm, more
preferably from —500 nm to —600 nm, yield in device fabrication can be
improved. Although it is most important for a wafer used in an exposure
system that there is no rise on the peripheral portion thereof, over-sagging is
not preferable, and slight sagging is preferable. The wafer of the order of
20 from —300 nm to —900 nm based on the above index is very preferable for
device fabrication.
There is no specific limitation for the wafer manufacturing method,
but attention should be paid to a configuration of a peripheral portion of a

wafer during manufacturing.

25 An example of silicon wafer manufacturing method is described




a mrror-like surface. To describe a wafer manufacturing process 102 nore 5
detail edly, the wafer manufacturing process 102 conprises, a slicing step
of slicing the single crystal ingot with an inner dianeter saw, a wire saw
and the like to obtain a thin and digk- shaped wafer; a chanifering step of
chanfering a peripheral edge portion of the wafer obtained through the
slicing step to prevent cracking and chi pping of the wafer; a | apping step
or a 10 surface grinding step of flattening this wafer; an etching step of
removi ng machining deformation remaining in the so chanifered and | apped

vafer; gelpw! | At B9t LRiREITEKIAE] AnBdi 1O produtad yof fok Nthseahey, ; tiend a
cleaning step of  cleaning the polished wafer to renove a polishing agent
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manuf acturi ng process 10 are"only 1 sted above, and sonetines ot her
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changed he®samnme ste . I'n-a plural stages. In the
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thereof is controlled. Note that in -32 the present invention the wafer
manuf act chaméprpng e perinhesal edgni paiam of Hhe Weden ohbgitiednERroygs, thévd any
waf er manufacturing process may be usable so |ong as the paranmeters .A and
B fal | wiliding stéetepgrenticrackingraasbehipping nf thmwafer; a lapping step or a
10 surface grinding step of flattening this wafer; an etching step of removing
machining deformation remaining in the so chamfered and lapped wafer; a
polishing step of making a mirror surface of the wafer; and a cleaning step of
cleaning the polished wafer to remove a polishing agent or dust particles
deposited thereon. The main steps of the wafer manufacturing process 102
15 are only listed above, and sometimes other steps such as a heat treatment
step may be added, the step sequence may be changed, or the same step may
be repeated in a plurality of stages.
In the above sequence of wafer processing steps, any processing
method may be applied to the various respective steps, but attention shouid
20 be paid to a configuration of a finally obtained wafer. Especially, care should
be taken to polishing conditions in the polishing step to obtain an ideal wafer.
Although various processing methods may be applicable in the polishing step
too, by polishing a wafer under control over a polishing pressure loaded to a

peripheral portion thereof and a polishing rate, a configuration of the wafer,

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



Wth the above-nentioned process, it is possible to manufacture 5 with a
hi gh probability a wafer with few sags in the peripheral portion and

having the paraneters A and B of the order of A= 150 nmto -20 nmand B =
-300 nmto -900 nm Note that the ab®@&-nenti oned surface characteristic
val ues are based on eval uation of data obtained when setting a boundary (an
arbitrary position X) between the first region and second region at a
position 10 30 mm away fromthe peripheral edge of the wafer, and measuring
a configuration of the wafer excluding an area with the width of 1 mmfrom
the perthehsfeaénieilgention tite waifer n{axdiautiinigg tprecasbasinet dtnjtedttioorhe
thereof). However, it is not always possible to obtain a wafer satisfying

the aboypveatvhtieded ahecandaas wafed nivmefactEhe prscess i Hf bedsable sol5
above- mentioned evaluation for a wafer used in the device fabricating

process 1306 3458 Parathdterd Aard BIENiwitAKEtHd depeb'f@hé‘@fc@efen@‘i‘hﬁéhﬁb‘ﬁ._t her
sorted in the wafer sorting process 104. In other words, as shown in Fig.

8, in the devigg;thabpd %Jv@%gﬁﬁhﬁgﬁl PeREdi RG;gt ﬁoésti’lﬂepfoe%ufaw@ﬁt i on,
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10 30 mm away from the peripheral edge of the wafer, and measuring a
configuration of the wafer excluding an area with the width of 1 mm from the
peripheral edge of the wafer (excluding the chamfered portion thereof).
However, it is not always possible to obtain a wafer satisfying the
above required value range, and hence there is performed the
15 above-mentioned evaluation for a wafer used in the device fabricating process
106 according to the present invention, the wafer being further sorted in the
wafer sorting process 104.
In other words, as shown in Fig. 8, in the device fabricating method
according to the present invention, after completion of a single crystél
20 producing process 100 for producing an ingot and a wafer manufacturing
process 102 for preparing a mirror-polished wafer are performed, the wafer
sorting process 104 is performed according to the parameters A, B and C, and
then a device is fabricated in the device fabricating process 106. In the

evaluating method according to the present invention, the parameter values

25 may change depending on where an arbitrary position X and a measuring



eval uating nethod at a position 30 mmaway fromthe peripheral edge of the
5 wafer, and neasuring a configuration of the wafer excluding an area with
the width of 1 mmfromthe peripheral edge of the wafer (excluding the
chanfered portion thereof). Wafers cwggently nmanufactured have a high
flatness level, and even if the arbitrary position X is slightly displaced
from the preferred position, the paraneter values change little. However,
when 10 the arbitrary position X is set at a position about 10 mm away from
the peripheral edge of the wafer, the paraneter values may | argely change,

SO thatrelgior forPa Q&rﬁéﬁ%ﬁﬁ?ﬁréﬁbn tehe sBE.bIWhaH YoRtiag twafersit@be aispdsint i on
inner toward the center of the wafer froma position about 20 mm away from

the perigheg@lice ?Qsﬁfgiei? heroteé L lisink 88 @ xpBSid SY@RhS hBlapPAluagihe to a

waf er having a 15 di nt diameter fromthe above-nenti oned wafer. Even
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s6). flatness level, and even if the arbitrary position X is slightly displaced from
the preferred position, the parameter values change little. However, when
10 the arbitrary position X is set at a position about 10 mm away from the
peripheral edge of the wafer, the parameter values may largely change, so
that it is preferable to set the arbitrary position X at a position inner toward
the center of the wafer from a position about 20 mm away from the peripheral
edge of the wafer. These requirements are applicable to a wafer having a
15 different diameter from the above-mentioned wafer. Even in case of a wafer
having a different diameter from the above-mentioned wafer, it is preferable
to set the arbitrary position X at a position about 30 mm away from the
peripheral edge of the wafer.
Examples

20 The present invention will be further described more detailedly by

way of the following examples which should be construed illustrative rather

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

25  width of a peripheral edge portion being a chamfered portion) manufactured



different conditions were established in the etching step, surface grinding
5 step and others. As for the yield in a device fabricating process, the
above manufacturing processes are arranged in the order of S5 > S6 > S1 >
S4 > S2 > S3, and the process S5 wa84best, while a wafer manufactured in
the process S3 was worst. The eval uating nmethod according to the present

I nvention was used 10 to evaluate what type of a wafer configuration is
preferable for inproving the vyield in the device fabricating process. The
anal ysis was performed through the nethod for evaluating a wafer

conf i gurtatrbugh byarpresparamdaeturaie peocsses (@ kindtleweravereluated yhsethet00
configuration profiles within the wafer surface. In each analysis, the

waf er t hivellogtagwasthtdasieoatingttofhsipresns inkbntibhh a space of 0.95 nm on
t he whol e surface of the wafer (excluding the chanfered portion of an area

with 0.5 mminIyilkd B kehdé bEwREsH RBekL ctfihg apésset Geroteans S1dioBe)er
t hi ckness data were successively stored; configuration profiles of the
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10 to evaluate what type of a wafer configuration is preferable for improving the

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

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

In each analysis, the wafer thickness was measured at positions

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

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

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

20 wafer thickness data; a reference line was calculated using the values from

the central portion (in the direction of the wafer diameter) to an arbitrary

position X (70 mm) by the method of least squares; then the difference

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

line (a virtual thickness) at the same position was analyzed; and the analyzed

25 difference was calculated as the surface characteristics. In other words, the



first region of fromthe central portion to 70 mm 5 Results of the

eval uation are shown in Table 1 and in Fig. 9. These results were obtained
in such a way that in configuration profiles each of froma central
portion of the wafer to an edge porti3dn thereof, at first surface
characteristics were cal culated and then average val ues of surface
characteristics radially evaluated of 400 lines were determned. 10 Table 1
Sur f aceSur f aceSur f aceSur f aceYi el d

Manu- Char act er - Char act er - Char act er - Char act er - Ranki ng facturing istic:

Al stic: dRirfidecchakaBteristics £ ahidB ardehe afax@moe yalwndnt ahimmurariaded
(jim(sag) (jim (RmM (pnm goodness) S10.0089-0.53770.54660. 00603

S2- 0. 0215 fheSd280d #8213 £H18S8E6vIaatetl 81170 miA T3 DR 4dha, 62Gfeotively. The
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with the worst vyield is small and good in saggi ng conponents (the surface
char act efijsttiegidh bffrohl ehLORItHAI hdiiomBlohPmag cor ding to the present

i nvention), buat as shown in

5 Results of the evaluation are shown in Table 1 and in Fig. 9. These
results were obtained in such a way that in configuration profiles each of
from a central portion of the wafer to an edge portion thereof, at first surface
characteristics were calculated and then average values of surface

characteristics radially evaluated of 400 lines were determined.

10 Tablel
Surface Surface Surface Surface Yield
Manu- Character- :
. Character- | Character- | Character- . .. Ranking
facturing N . e istic: C .
istict A istic: B istic: A-B ; (in order of
Process X (undulation)
(rise) (um) | (sag) (um) (pm) (um) goodness)
S1 0.0089 —0.56377 0.5466 0.0060 3
S2 —0.0215 —0.8108 0.7893 0.0118 5
S3 0.3791 —0.2452 0.6244 0.0205 6
S4 0.1519 - 0.5161 0.6679 0.0213 4
S5 0.1367 - 0.5947 0.7314 0.0198 1
S6 0.0650 -0.8287 0.8937 0.0158 2

According to Table 1, the wafer manufactured in S3 with the worst
yield is small and good in sagging components (the surface characteristic B in
the evaluating method according to the present invention), but as shown in

15 Table 1 and Fig. 9, remarkably worse in rising components (the surface
characteristic A in the evaluating method according to the present invention)
as compared to wafers manufactured in other manufacturing methods. Thus,
it is understood that the evaluating method according to the present

invention evaluates qualities of a wafer more accurately.



15 Table 1 and Fig. 9, remarkably worse in rising conponents (the surface
characteristic Ain the evaluating nethod according to the present

i nvention) as conpared to wafers manufactured in other manufacturing

met hods. Thus, it is understood that36the eval uating net hod according to
the present invention evaluates qualities of a wafer nore accurately. -36
It is found that this device fabricating process is affected easily by
rises nore than by sags of a wafer configuration, and the fabrication yield
can be inproved by using a wafer having no rise. Also in this Inventive
Exanmple it is ]]trievfnunda:%alt Hbisndédce fabmicaiing orocesads affecteslaepsibbyi se
simlar to the 5 level of the manufacturing process S5 shown in Table 1 is
pr ef er abtiges Hvre tHauibyesagalof hordfengomliigmeson, and thedakessatien pipldnaexposur e
system and from Table 1 a preferable wafer for the device fabricating

process hsmpgovdtEb R0 A Gy £¥s hatiiaso fite! iAlbdih RN aneMivaigaiide
paraneter A of 0.150 um (150 nn) or |ess. Wien the paraneter Ais equal to

or |ess {ihanfhwih AnhPenvalfer Magis NG haYsabE QRgWdd ikl ¢iBAd8itdThe
conponents rather than rising conponents, so that the preferable paraneter
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10 the wafer has a configuration with big sagging components rather than rising

components, so that the preferable parameter A is of from —20 nm to 150 nm.
The parameter B does not exert a greater effect on the yield with an exposure
system as compared to the pafameter A, but to improve the yield, it is
preferable that the parameter A is 0.150 pm (150 nm) or less and the
15 parameter B is preferably in the order of from —300 nm to —900 nm, especially
from —-500 nm to —600 nm. The parameter C should be preferably 20 nm or
less. This tendency was observed likewise in various types of exposure
systems.
In each device fabricating process (and further in each proceSsiﬁg
20 unit), by establishing the optimum ranges of sag and rise according to the
inventive evaiuating method, a wafer suitable for each device fabricating
process can be manufactured.
It is to be npted that the evaluating method according to the present
invention is not limited to Inventive Example 1 described above. For

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



I nventive eval uating nethod, a wafer suitable for each device fabricating
process can be manufactured. It is to be noted that the eval uating nethod
according to the present inventionis not limted to Inventive Exanple 1
descri bed above. For 25 instance, w8 preparing a reference line or a
reference plane, data for a .37 configuration of a wafer of fromthe
central portion to an arbitrary position X are used for cal cul ation, but
the arbitrary position X is not always required to be set fromthe central
portion. Although it is nore accurate to use data obtained by setting the

ar bi t r ar yorfosuraition éffsowatdreofdfesirthle deatidl@ortish heanarbiteent paditiparXi on of a
wafer is usually polished to an extrenely high flatness |evel, the

ref er encgrdasdd fRkaliation Skt fHebatrasy Pbsitioh-X ehey Adalye ré@uiged ext ent .
For instance, with an 8-inch wafer or the |like, there has been obtained a

simlar pesidhif@d GRTBAPE] pErtitle %%Eowgﬁﬁ@i@ﬁ&w&mel fo'8s@'dada 10
reference plane 1s prepared fromthe central portion to an arbitrary
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wafer). In the above Inventive Exanple 1, there were mainly observed

di f f er en®¥€Met ween data of the surface characteristic A, but as shown in

20 char act or | ot F6% MBSEARSCC AR 40 iR GFELGY i (e o hegs s Deed | o
charact eroib%atliin%a a similar result as compared to the case where a reference line or a
10 reference plane is prepared from the central portion to an arbitrary position,
even when displacement or thickness is measured on an area of from the
central portion to a position of 23 mm to 98.5 mm, the position of 23 mm from
the central portion is set as a starting point, and a reference line or a
reference plane is prepared on the basis of a configuration profile of from the
15 starting point to a position (an arbitrary position) 70 mm (30 mm away from
the peripheral edge of the wafer).
In the above Inventive Example 1, there were mainly observed
differences between data of the surface characteristic A, but as shown in
Table 1 a wafer configuration can be evaluated by determining the surface
20 characteristics B and C and a difference between the surface characteristics
A, B, etc.; further a wafer configuration can be evaluated more accurately by
combining fittingly the above evaluated indexes. It is most important for the
inventive evaluating method to evaluate a mirror-polished wafer, but the
evaluating method can be applied not only to the mirror-polished wafer, but

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



A B, etc.; further a wafer configuration can be eval uated nore accurately
by conmbining fittingly the above eval uated indexes. It is nost inportant
for the inventive evaluating nethod to evaluate a mrror-polished wafer,
but the evaluating nethod can be app8i-ed not only to the mrror-polished
wafer, but 25 also to wafers after having been subjected to |apping,
etching, surface -38 grinding or other steps. (lnventive Exanple 2) Then,
to ascertain the informati on obtained from Table 1, wafers were

manuf actured by controlling the paraneters A, B and C, and the wafers 5
wer e sorgrendiby drithenwesys. ve eval uating nethod to manufacture wafers
nmeeting the prescribed requirenents. The eval uating nethod was the sane as
t hat enpllewedtive E;{mﬁldy)e Exanple 1. That is, by polishing wafers
controlling the peripheral portions thereof, wafers having the paraneter A

of -20 nmto 19§ amianskcbbRinifle RI6ANELSR o@tﬁhed@@mn'fl‘hblé 19QFhfare wer e

manuf act ured, and devi ces were fabricated using the wafers. There are

vari ous ewl §8 L ebusad b9 %oRfid Hﬁ%étep atiithetlefs A@%ﬂ@@h&m@ﬁ@f@ss usi ng

an exposure system espe was perfornmed. In this exanple,
t her r AATRY of 80
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less. A l of thlehe\llga f er elgshl_urllg twhélfserse Xc%%ro‘ihng Vthe peripheral portions
thereof, wafers having the parameter A of —20 nm to 150 nm and the
10 parameter B of —300 nm to —900 nm were manufactured, and devices were
fabricated using the wafers. There are various device fabricating processes,
but in this example, a process using an exposure system, especially a stepper
was performed.
In this example, there were used wafers (wafer group WS1) having
15 the parameter A of 80 nm to 150 nm and the parameter B of ~400 nm to —-700
nm, and wafers (wafer group WS2) having the parameter A of —20 nm to 80
nm and the parameter B of —~300 nm to —800 nm, provided that the above
parameter values were evaluated according to the evaluating method
described above. The wafers belonging to both the wafer groups have the
20 parameter A of 150 nm or less. All of the wafers used in this example have
the parameter C of 20 nm or less.
The device fabricating process using a stepper, especially a resist
pattern formation ‘process is described below. In this example, a
commercially available; positive type of resist is coated with the thickness of

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



t he paraneter C of 20 nmor |ess. The device fabricating process using a
stepper, especially a resist pattern formation process is described bel ow.
In this exanple, a comrercially avail able positive type of resist is
coated with the thickness of 25 aboutgg500 nm on the wafers sorted accordi ng
to the inventive evaluating .39 nethod, and then pre-baking is perforned
for 90 seconds at the tenperature of 100'C. Wth this operation, the
positive type of liquid resist is solidified. Then, a reticle (photonask)
with a pattern having various pitches (for instance, a netallization

pat t er n) nilitaga, éﬁ&tl@&ﬂgk@baﬁingm perfdrafiiefor 99 eavhaped the témpekdfurexci ner
| aser (wavel ength = 248 nm as a |ight source for perform ng exposure. As a

result, pheopat.t Wiﬂh@hﬁ\éu%)e?atibﬂ,etﬂeeﬁds%wet e bf BQsiderdsnd i9RbRAIHL. posi ti ve

type of resist. Next, P Post Exposure Baki ng) was perfornmed for 90

seconds at t hg’gﬁ@f{;g& REiIe( otaﬁggg’ g?%ga%éltg%ﬁ Bﬁbir%:‘éﬁﬁgﬁgﬁmcﬂéﬁs

performed for seconds usi ng % agqueous sol'ution of

L. : . e

bor 1 os pott¥ R fHIRR, ARANRA G, DUERD) BriBh Milere Gt oY Rilber,

devi f abri d i .th t T e bd . '
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the yield of. wafers of W1 was 99% I|In contrast,

eval uat ed. a resul )
the i eggar&ﬁemﬂ&x)go% e PRSItveLyBe O 1e3i$tyht | y | ower than WSL1. The yield in

either 20 casenuas o A E ponan Bilhe) o weriormed tor 06 sefnal!ai®
" the temperature of 110°C, and after that development was performed for 60
10 seconds using a 2.38 weight % aqueous solution of tetra methyl ammonium
hydroxide (TMAH). As a result, a resist pattern corresponding to the pattern’
drawn on the reticle was obtained. Thus, a device was fabricated using the
stepper.
The yield in the device fabricating process using a stepper was
15 evaluated by checking shifts of the resist pattern (poor exposure). The yield
was calculated by counting wafers with pattern shifts as inferior chips. 100
sheets of wafers were evaluated.
As a result, the yield of wafers of WS1 was 99%. In contrast, the
yield of wafers of WS2 was 95%, slightly lower than WS1. The yield in eithér
20 case was far higher than that in the conventional practice.
(Comparative Example 1)
With wafers (wafer group WS3) having the parameter A of 150 nm to
400 nm, the parameter B of —200 nm to —800 nm and the parameter C of 20

nm or less, devices were fabricated likewise in Inventive Example 2 to

25 determine the yield.



(Conparative Exanple 1) Wth wafers (wafer group W53) having the paraneter
A of 150 nmto 400 nm the paraneter B of -200 nmto -800 nm and the
paranmeter C of 20 nmor |ess, devices were fabricated |ikew se in
Inventive Exanple 2 to 25 determ nedbhe yield. -40 As a result, the yield
was 52% remarkably worse as conpared to wafers of W51 and W52.
Especially, many pattern shifts were observed in the peripheral portions
of the wafers. This result indicates that there is bad the yield in the
devi ce fabricating process with the wafers having |arge values 5 for the
paranmeter A (riAs agresabpahentield widy 52%, vemarkdidy wemecas cangpdraliriocat ed
with wafers which are manufactured by the conventional process and are not

sorted agad@iofoWiSa ahd WH2r dispeeiAlyA mady Battdia shiflsdwefe absuvdd4a% |t
has been known formthe above that the yield is largely inproved by using

vafers nget p8dphbfl pbPtisha Bl e wagsiel "ERE YeSuRGAAI Gt thAELHRIRSE Mad
I nvention. As described above, in the device fabricating process using a

stepper, thd PRIy Pl dvidd friatiddproks& Withah rSRAVIREL Q91 dEy e than
d that by usin vva%

by sag therein, and therefore 1t 1s understoo ers having

no rige, F&*}%e%g%\%g}egglaﬁ @1‘31(:%‘84;@\6‘8{;1??%52 The paranmeter C of undul ation

conponent’s on surta gly related to nanot opography, and
ther, the pararohora oy R exidS e MR S5 A ol VB 71
SR R AN A R e
| parameters A and B, the yield is around 70%. It has been known form the
above that the yield is largely improved by using wafers meeting the
10 standard requirements according the present invention.
As described above, in the device fabricating process using a stepper,
the yield is affected by rise in a wafer configuration more than by sag therein,
and therefore it is understood that by using wafers having no rise, the yield
can be improved.
15 The parameter C of undulation components on a wafer surface is

strongly related to nanotopography, and when the parameter C is 20 nm or

less, the surface state of the wafer is excellent.

Capability of Exploitation in Industry:

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

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



space using the displacenent or thickness nmeasuring neans can determ ne a
waf er configuration nore accurately than the conventional indexes for
indicating flatness such as SFQR Especially, there can be quantitatively
25 evaluated a configuration of a pedilpheral portion of the wafer including
the -41 so-called rise or sag, so that the wafer configuration can be
accurately evaluated according to a given criterion. Wth the eval uating
nmet hod according to the present invention, there can be quantitatively
eval uated wafer quality, especially quality of a 5 peripheral portion of a
waf er whHoedallednrizot oheagy aouth#td the cwafiretonBgpuifation aas bensecwavélfer
configuration nost suitable to |Iithography or CVWP can be determ ned. By

t aki ng asdndtrdercedrding t6ur §iwee celtafiaat eri stics obtained through the

eval uating method according to the present invention, evaluation of a 10

vaf er confi gur FFitANtcARvRRIRERd GhoRbITREQrafEd 8t fley pREs&RPavatid the
conventional practice, and the yield in the subsequent processes can be

i npr ovediheFdlichAe &Maﬁﬁwlgtéﬁ%mﬁs\w&t aﬁ%%@@eﬁw&ﬁmﬂiw §f Lo easily

grasp a capability or the |like of the fabri process, ¢ch nmakes it
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that, parameters A, r11 ~Cof a wafer In-given ‘st andard
require . Vi i caf. e

xposur by Bencd 'S L Eon et iiond BsE Byl ABlg EPLUGLRERETHSON B BY,
device f 5%,5@#5{‘9 process can be inproved by wusing wafers which are

manuf act ure ‘further sorted so as to nmake the 20 paraneters A, B and C

Wt hll_ n the abogy tsa{[kelqu(gj %rd(\jraﬁggguel &e tﬁné[usx'faée4c%1aracteristics obtained through

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

10 wafer configuration can be performed more accurately as compared to the
conventional practice, and the yield in the subsequent processes can be
improved. Further by accumulating these data, it becomes possible to easily
grasp a capability or the like of the fabricating process, which makes it
possible to supply wafers stably.

15 Especially, it has been confirmed that, when the parameters A, B
and C of a wafer fall within given standard requirements, the yield in the
device fabricating process using an exposure system can be greatly improved.
Therefore, the yield in the device fabricating process can be improved by
using wafers which are manufactured and further sorted so as to make the

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



CLAIMS 1. A nethod for evaluating a wafer configuration conprising the
steps of. 5 neasuring a configuration of a wafer at positions with a
prescribed space within a surface of the wafer; providing a first region
within the wafer surface for calcul aypng a reference Iine or a reference
pl ane fromthe nmeasured wafer configuration; calculating a reference line
or a reference plane in the first region; 10 providing a second region to
be evaluated outside the first region; extrapolating the reference line or
reference plane to the second region; analyzing a difference between the
configuration of the second regi o@LAAMS he reference |line or reference

pl ane within the second region; and 15 calculating the analyzed difference
as surface characteristics. 2. The method for evaluating a wafer
configuration according to claim 1, wherein the second region is provided

in arange Off{p{e iraie*é‘rﬁﬁoé?? SANaling! G afél Eifi @t Hh bomPhis eho8Edgson of

the wafer, d ces between configurations at a plurality of arbitrary

posi ti ondsf.vvithi n the second region 20 and the reference line or reference
pl ane at the positions are anal yzed, and the maxi num val ue anong the

char et ori st c heqions & o e Rl el FRRAEPERHMRS R BHEE e ur ati on

according to claim 1, .wherejn t .second region is provided in a range of
froma aﬂ?ﬁma§ﬁgfacﬁ§f$b?§$aq€’égi on to an edge portion of the wafer,
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reference line or a reference plane from the measured wafer configuration;
calculating a reference line or a reference plane in the first region;
10 providing a second region to be evaluated outside the first region;
extrapolating the reference line or reference plane to the second
region;
analyzing a difference between the configuration of the second
region and the reference line or reference plane within the second region; and
15 calculating the analyzed difference as surface characteristics.
2. The method for evaluating a wafer configuration according to claim
1, wherein the second region is provided in a range of from a boundary of the
first region to an edge portion of the wafer, differences between
configurations at a plurality of arbitrary positions within the second regidn
20 and the reference line or reference plane at the positions are analyzed, and
the maximum value among the values of the analyzed differences is
calculated as the surface characteristic A (rise).
3. The method for evaluating a wafer configuration according to claim
1, wherein the second region is provided in a range of from a boundary of the

25 first region to an edge portion of the Wafer; differences between



and the reference Iine or reference plane at the positions are anal yzed,
and the m ni num val ue anong the values of the analyzed differences is

cal cul ated as the surface characteristic B (sag). 5 4. The nethod for

eval uating a wafer configuration aceca3ding to any one of clainms 1 to 3,
wherein the wafer configuration nmeasured at a plurality of positions with
a prescribed space within the wafer surface is displacenent in the
direction vertical to the wafer surface or a wafer thickness. 5. The nethod
for evaluating a wafer configuration according to any 10 one of clains 1

to 4, wheneighratiens ak e snaality ¥F bitrhefpbbitiotsCivithil tBe deddnd ¢8gional
portlon of the wafer to a boundary of the first region is calcul ated

wi thin they the $bfekr&8eOnBor @8N eRGe 1508 Tt AW dsPoRs aké |a%ag§7zefdr Qmdt he
central portion of the wafer to the edge portion thereof . The net hod

for evalyat ifg i waf @M&O’ngﬂgaﬁﬂémvzﬂ%@rgf rmet anslb,aaeal dfferoncabefei n the

surface c aracteristics are analyzed with a value obtained by averaging

confi gur&ﬁ&lﬁgt(ﬁ{egglt £3 Ecﬁﬂ}é&ggﬁgi?tﬁé@aﬁ?o” ion of the wafer to the

edge portion thereo are rea rality of positions on the

wafeg spirface . Teggog%maiﬂn pgogﬁg@{a%i £ABL-A ) O

accoPdl ng to claim wherein e sur ace characteri aticee are anal yzed
oo ST B 00 SR BT PR
Surf ace GAFIGER Fah E@romr bR BB the A e R ca SATS T e Gur &t | on
fho tir o telaetin y&%‘f@iteakgivgéffe%fsé%f%sto&%%% QHEoResd wi i the
vaf er sugf ace C’)Ithel,c rrger?htod for evaluating a wafer configuration according to any
10 one of claims 1 to 4, wherein the reference line of from the vicinity of the
central portion of the wafer to a boundary of the first region is calculated
within the first region by reading a configuration profile of from the central
portion of the wafer to the edge portion thereof.
6. The method for evaluating a wafer configuration according to claim
15 5, wherein the surface characteristics are analyzed with a value obtained by
averaging configuration profiles of from the central portion of the wafer to the
edge portion thereof which are read at a plurality of positions on the wafer
surface.
7. The method for evaluating a wafer configuration according to claiﬁl
20 5, wherein the surface characteristics are analyzed from respective
configuration profiles which are read at a plurality of positions of from the
central portion of the wafer to the edge portion thereof, and an average value
is obtained from a plurality of the analyzed surface characteristics.

8. The method for evaluating a wafer configuration according to any

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



central portion of the wafer to the edge portion thereof. 9. A nethod for
evaluating a wafer configuration conprising the steps of: 5 neasuring a
configuration of a wafer at positions with a prescribed space within a
surface of the wafer; providing a firgd-region on the wafer surface for
calculating a reference line or a reference plane fromthe nmeasured wafer
configuration; <calculating a reference |ine or a reference plane in the
first region; 10 obtaining differences between the reference |line or the
reference plane and actually neasured values within the first region; and

cal cul at gglguthtetl ainchar datte v ltichosrearadd whthiabtle mededishiface nfefsomsthide
surface characteristic C (undulation). 10. The nethod for evaluating a

vaf er copfhigd] pbitdth BE €l Qiafer tPthd édgd pddich thdiesei n the wafer
configuration neasured at a plurality of positions with a prescribed space

within the wafe | vadhgRhecewalr dohfidifatioh®otHisink&heitgps L0 the
waf er surgf ace o‘!rx Igblﬁ]ﬁgogeé;vsaqoé tﬁe wa err. 17T %he nmet hlgg fgr eva?ﬂl)Jati ng a
waf er con%i guration according to claim 9 or 10, wherein the reference |ine
of from Che vici nity of the central portion of 20 the wafer to a boundary

cont i Bur at  on' prSArREnsr A ¢PBREFEdhRF py b8 At SRipRP NI MEdeSRER T
Becor di ngPees BthihE SRR B! R AR our f ace. charact er | stics are analyzed
Sentral por t1 onPEAVIHHEE WeGR B ENE SHIT8qHaTEhRHr e, s BFUAHER Bre road
at a pl urrgfl'eirg%ce(){ing %?'iat Ii'eofgfer}/getpqiage tf.thoein the measured wafer configuration;
calculating a reference line or a reference plane in the first region;
10 obtaining differences between the reference line or the reference
plane and actually measured values within the first region; and
calculating a standard deviation ¢ of the obtained differences as the
surface characteristic C (undulation).
10. The method for evaluating a wafer configuration according to claim
15 9, wherein the wafer configuration measured at a plurality of positions with a
prescribed space within the wafer surface is displacement in the direction
vertical to the wafer surface or a thickness of the wafer.
11. The method for evaluating a wafer configuration according to claim
9 or 10, wherein the reference line of from the vicinity of the central portion of
20 the wafer to a boundary of the first region is calculated within the first region
by reading a configuration profile of from the central portion of the wafer to
the edge portion thereof.
12. The method for evaluating a wafer configuration according to claim
11, wherein the surface characteristics are analyzed with a value obtained by

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



waf er surface. 13. The nethod for evaluating a wafer configuration
according to claim 11, wherein the surface characteristics are analyzed
fromrespective 5 configuration profiles which are read at a plurality of
positions of fromthe central portiedbof the wafer to the edge portion

t hereof, and an average value is obtained froma plurality of the analyzed
surface characteristics. 14. The nethod for evaluating a wafer
configuration according to claim 9 or 10, wherein the reference plane of
the first region is calculated fromdata 10 . which are read within the

waf er sudbacsor@iod thérdofiavigieht 41 r¢unt fat an phiralite ofwedsitiohs wiltkiredlye portion
thereof. 15. The nethod for evaluating a wafer configuration according to

any ongugferGh@fdre. 1l to 14, wherein the prescribed space is 1 nmor |ess.
16. An apparatus for evaluating a wafer configuration conprising: 15 a

configurgfion "ﬁ?esﬁhremgdw vA1QhtiIRBAS WalfStdcch figithtign! AlcbRIing toalait@f er at
positions with a prescribed space on a surface of the wafer; a storage

device fOr SHEGEHP! MRl Vodrtps th&Qa@ﬂé‘iﬁs%%@“a?Q SRAT ‘zg&'rﬁtdn!'?nreéiﬁ&ﬁvémasured

by the configuration nmeasuring unit; a surfacé characteristic
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character stlc 7. The atus f | uati ng nfiguration
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9 or 10, wherein the reference plane of the first region is calculated from data
10  which are read within the wafer surface of from the central portion of the
wafer to the edge portion thereof.
15. The method for evaluating a wafer configuration according to any
one of claims 1 to 14, wherein the prescribed space is 1 mm or less.
16. An apparatus for evaluating a wafer configuration comprising:
15 a configuration measuring unit for measuring a configuration of a
wafer at positions with a prescribed space on a surface of the wafer;
a storage device for successively inputting and storing configuration
data measured by the configuration measuring unit; and
a surface characteristic calculating unit for reading the
20 configuration data of from the central portion of the wafer to the edge portion
thereof from the storage device, calculating a reference line or a reference
plane in a region of from the central portion of the wafer to an arbitrary
portion thereof, analyzing a difference between the reference line or the
reference plane and an arbitrary position, and calculating the analyzed

25 difference as surface characteristics.



claim 16, wherein the configuration neasuring unit is a displacenent
measuring unit for nmeasuring displacenent in the direction vertical to a
surface of a test stand of a surface of the wafer placed on the test stand
within 5 the wafer surface, and the 49nfiguration data are displ acenent
data. 18. The apparatus for evaluating a wafer configuration according to
claim 16, wherein the configuration neasuring unit is a thickness neasuring
unit for neasuring a thickness of a wafer held by a wafer holding jig
within the wafer surface, and the configuration data are thickness data.

10 19. Aidevi ceThahbippahtng fortehathativie nemafemienfifaiticnticenrdinglesi ce on a
wafer with an exposure system the device is fabricated using the wafer

havi ng t pRisureacRhehahaeher doifigirdtiohi BRasabinkbAniMNioral displeealamt ed by
the evaluating method according to any one of clainms 2, 4 to 8, and 15.
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the wafer surface and the configuration data are thickness data.
10 19. A device fabricating method, wherein, when fabricating a device on a
wafer with an exposure system, the device is fabricated using the wafer
having the surface characteristic A (rise) of 150 nm or less evaluated by the
evaluating method according to any one of claims 2, 4 'to 8, and 15.
20. The device fabricating method according to claim 19, wherein, when
15 fabricating a device on a wafer with an exposure system, the device is
fabricated using the wafer having the surface characteristic B (sag) of —300
nm or less evaluated by the evaluating method according to any one of claims
3 to 8, and 15.
21. The device fabricating method according to claim 19 or 20, whereih,
20 when fabricating a device on a wafer with an exposure system, the device is
fabricated using the wafer having the surface characteristic C (undulation) of
20 nm or less evaluated by the evaluating method according to one of claims 9
to 15.
22. A wafer, wherein the wafer has the surface characteristic A (rise) of

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



15. 23. The wafer according to claim22, wherein the surface characteristic
A (rise) is of -20 nmto 150 nm and the surface characteristic B (sag) is
of 5 -300 nmto -900 nm 24. The wafer according to claim 22 or 23,
wherein further the surface charactet7istic C (undulation) is 20 nmor |ess
eval uated by the evaluating mnethod according to any one of clains 9 to 15.
25. A wafer sorting nethod for sorting a wafer on which devices are 10
fabricated with an exposure system wherein there is sorted the wafer
having the surface characteristic A (rise) of 150 nmor |ess eval uated by
the evadwduabtgl bpthedvahooind mgthed acording tof awy enersf daidst2otosy andd 15.

26. The wafer sorting nethod according to claim25, wherein further there
is sortegsthe wafer having the surface characteristic B (sag) of-300 nm 15
or | ess evaluated by the evaluating nethod according to any one of clains 3

to 8, apg 15. Pde wHIer WBERAISPLS LIRSMES, RPHe 1266 Qhelishefalce chladadteditior 26,
wherein further there is sorted the wafer having the surface

cher ot <l 1 1 o umitheld S50 5 20 B Sl Espghaliasht Beipssaaluat 1
5 —-300 nm to —900 nm.
24. The wafer according to claim 22 or 23, wherein further the surface
characteristic C (undulation) is 20 nm or less evaluated by the evaluating
method according to any one of claims 9 to 15.
25, A wafer sorting method for sorting a wafer on which devices are
10 = fabricated with an exposure system, wherein there is sorted the wafer having
the surface characteristic A (rise) of 150 nm or less evaluated by the
evaluating method according to any one of claims 2, 4 to 8, and 15.
26. The wafer sorting method according to claim 25, wherein further
there is sorted the wafer having the surface characteristic B (sag) of -300 nm
15 orless evaluated by the evaluating method according to any one of claims 3 to
8, and 15.
27. The wafer sorting method according to claim 25 or 26, wherein
further there is sorted the wafer having the surface characteristic C
(undulation) of 20 nm or less evaluated by the evaluating method accordirig

20 to any one of claims 9 to 15.



