19 August 2005 -1- DESCRI PTI ON METHOD AND APPARATUS FOR EWALWATHING WAFER
CONFI GURATI ON, DEVI CE FABRI CATI NG METHOD, WAFER, 5 AND WAFER SORTI NG
METHOD Technical Field: The present jnvention relates to a nmethod and an
~apparatus for, ~evaluating a configutation of a wafer represented by a
silicon wafer. The 10 present invention also relates to a seni conduct or
device fabricating nethod, especially to a wafer enabling inprovenent in a
yield in a device fabricati ng process usi ng an exposure system and a

sorting method for the sarme. ?)ME@&* @f\]t .15 Conventionally, a nethod
for manufacturing a silicon wa X sem conductor substrate
mat erial generally conprises a crystal growth process for producing a

single crystal ingot by a Czochral ski (CZ) nethod, a floating zone nelting
(FZ) method or the like,. and a wafer manufacturing process for

manuf act ur i ngMEEWEIYD WDSAPEA@&TUSSF@MVM&E‘IHG WegBERand 20
processing at |east one main surface thereof into a mrror-like surface. To
descri be t ONFICEEBATION, EVICEFABRICATING MBEFHOBCcWAFRR, pr ocess
~conprises, a slicing step of slicing the single crystal ingot to obtain a
this and di sk-shaped waN&y WAFERSSORTING MEFTHODchanfering a peri pheral
edge portion. of the wafer obtained through the slicing step to prevent
cracking and 25 chipping of the wafer; a |apping step of flattening this
‘wafer; an etching. step 19 August 2005 2 of renoving nmachi ning deformation

r emai NiTEhnicdl®ekR chanf ered and
The present invention reléte_s fo a method and an apparatus for
evaluating a configuration of a wafer represented by a silicon wafer. The
10 present invention also relates to a semiconductor device fabricating method,
especially to a wafer enabling improvement in a yield in a device fabricating

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

Back;ground Art:

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

20 processing at least one main surface thereof into a mirror-like surface. To
describe the process more detailedly, the wafer manufacturing process
comprises, a slicing step of slicing the single crystal ingot to 6btain a thin and
disk-shaped wafer; a chamfering step of chamfering a peripheral edge portion
of the wafer obtained through the slicing step to prevent cracking and

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




| apped wafer; a polishing step of making a mrror sur‘fwgmgﬁsttzb@s waf er; and
a cleaning step of cleaning the polished wafer to renove pol I shi ng agent
or dust particles deposited thereon. The main steps of the wafer

manuf acturing 5 process are only listéd above, and sonetines ot her 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_technol ggy, and with this progress, a demand for 10
qual i t yolo¥ergowng grchypime d@%”-‘%mm Rempsing $p thee so bddwondened e severe.
A sem conductor device is fabricated by using a mrror-polished wafer which
has bedarpedjrafeed pdishingsitep oé making al mprodauifage pf thewsfandnthe waf er
manuf acturi ng process. In-the device fabricating process, a step of formng
a resideapigtden df slecanagtthel yolpdredowated t30renoowd0a tpoishingdRegaiy by, a

hi gher 15 integration |evel and hi gher performance in a sem conductor

i nt egr adwest partichisidepbsite® ehoraady Alleethaie BRypsalflithe veuter hih:ﬁﬁﬂﬁ@t@ﬁag/l{ﬂ th this
tendency, nore mniaturization of circuit patterns is required. Taking a

DRANI  (pip06ds 6rd aRlP Hsted o vEE BRAY dorAstiAfesCHMIR! feps Budhb64dMabhbaORAM t hat
IS nowin quantity production, a resist pattern of 0.25 .1mto 0.20 pmis

drawn. 28airerd #BPRAY bBAIRANY: ShE Riepdeily | wavel ength = 248
nm of ultraviol gt r%di ation ig usec?pagﬁag?%%{d@%lﬁce ed'(ét frequently.

Further, wt hRe%ﬁ‘t%lﬁt Hﬁiiﬁ%édl%!idi’f l&ﬁiﬁrfggm%%%cﬁ@gﬁgﬁ%@fasi%e | mensi on

accuracy and overlay accuracy I1s require progress, also a
derend bl logtd ST BoREE 00 Dbk SR 1108 1,
I's becaugs & MNEhe rdeiv?cgee%&gliloqggjlr,e\éﬁld vcs)rgtha tﬁlesmp(l::ggnr%gg,t 9" demand for

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

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

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

25  severe.




devi ce has brought out mniaturization of a device sizggA@?gﬁbggsinstance,
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 &ise a wafer, there is required a wafer
whi ch has excellent flatness up to the utnost outer peripheral portion
(the very limt of the chanfered portion). of its main surface. As one of
the inmportant characteristics required to the silicon wafer as descri bed
- above, there is a problem of shape quality thereof. The wafer 10 shape -
qual ity i ncl uddstusrthouss xaase bdrighen ditegsation larsd of b, setnibhhdldtess,
parallelism flatness, irregularities with a relatively |onger cycle naned

sori, deoite hasbroughbeultidéniaturiegtbardft 4 elovidet £iza, avdl frahstayeral mm
named undul ati on and surface roughness; recently, it is frequently

eval uatstighbyindidatibh Yor A8 Rk P A1 EdrPHAESSMAY 1844 %o-tekﬁ}ragﬁ% @‘fﬁ%g(? on a

back side reference 15 or a front side referenhce as an 1 ndex o at ness.

Especi lakdernabuting th@ﬂﬁﬁt&fthﬁ%ﬂ%ﬁ?%eg?;ﬁ)t gﬁ%@kafe g{i‘ Q%tgtggﬁﬁf&%dgp. the

back side reference 1s naned IS is
-~ usugl | ' : syng t a. e |.8: RI red within a
vvafgr )s&l)J r%ﬁ%%sﬁg %%%%rbggéﬁgeﬁg ? %gﬁﬁggl %%ﬂégs*ﬁ%ngggﬁ%swg%gmnt and
the m peSifi [ C ai nst t ref er enc ne, and
corres g! 3 Egggstz glpT%\?/ til% %?ﬁﬁ]?%e%né%ﬁﬂ %%%qa]? ?%H)n mec FeH%s (i‘émgo‘ﬁévg?ﬂ i onal
- speci fi i.on.; Also, ythe site flatness based 'on the back' side reference
i s nanﬁg%%ygﬁ%@)§g&§ Ifl&géfsu%ﬁ%‘e), and corresponds to LTV which was
quite frequently us in.the st. Wen_a.back surface of.a wafer is used
as a .25 ef‘éﬁé’ﬁ@éﬁgﬂlﬁﬂﬁl@%&&ﬁiﬁéﬁtﬁﬁtﬁ&?w% tQ tgaeaﬂbcqmmﬁ%n ng a
center of_ the site 19 August 2005 4 is_enployed as a focal plane, the SBIR
is a s@hdsecribed ahoxe, thareds ¢ profdem of shape quality thereof. The wafer _

10  shape quéﬁty includes various parameters such as a diametef, a thickness,
parallelism, ﬂatness, irreg'ularities with a relatively longer cycle nameld sori,
bow, warp or the like, irregularities with a cycle of several mm named
undulation énd surface roughness; recently, it is frequently evaluated by
quality named global flatness or site ﬂéfness based on a back side reference

15 or a front side reference as an index of flatness.

Especially, as the index of flatness, the global flatness based on the -
. back side reference is named GBIR (Global Back Ideal Range); this is usually
defined, assuming that a reference plane is prepared within a wafer'surface,
as a width between the maximum positional displacement and the minimum

20  positional displacement against the reference plane, and corresponds to TTV

| (Total Thickness Variation) which is a conventipnal specification.
Also, the site flatness based on the back side reference is named’
SBIR (Site Back Ideal Range), and corresponds to LTV which was quite
frequently used in the past. When a back surface of a wafer is used as a

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




respective maxi mum di spl acenents in the plus side and 7 Agusoegs from the
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 order of 20 nm x.20 nfn 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 named SFQR (Site Front Least
Squares Range); this is a sum of absolute values of the respective maxi mum
di spl acerrentf ig theelplals fi de %gd gj{ﬁu_s 10 side fromthe reference plane
whi ch %8 SPPIFPdASAoral Rlane, dhsppRiRas dypum af absalute yadues ofithh t he

met hod of | east squares, which is evaluated for each site within a

pr escr il§epediteemapymume dismiaesmentsiantdhe plassidpoyd apinpsteide boen thaken
serious|y. The nanotopography (also nanmed nanotopol ogy) neans

i r r equlfaealinlase w the 'alt%W\ln&le%/mgﬂhatﬁd foneach dite. Afsfaibynif cdserof 4@ 20 mMm
and an anplitude of the order of fromseveral. nmto 100 nm the

eval uatd-ochmeaferdrttheddfepthissvalpeif ovatedtdy ieualaas hagim diftberehse of
altitude of irregularities (a PV value; peak to valley) on a wafer surface

in & ramder of 20 sanuax @bhosk Mhe Sige vfsilde wie vafiss PepehdRiy LHBMH- 1 M to
10 mm or of a circular block having a dianeter of 20" the order of from

0. 1 mmdigmberan §pdtificataniglof  wadged WNDOW Sl ZE or the like). This PV
val ue is al so named Nanot opol ogical Height. or the like. As the

nanot opogr aphyforebvéss GRS isftedfibiadsst Bﬁ?él?)&h% V@r{)l:ﬂ;e s@éeug?@§eﬁ(ger ggularities

present within the evaluated wafer surface is sm this val ue

Chr ougriicd SEYR (M0t TARSTRNINE RS A0 %s Bl S Snddlu " 30"

t hrough evaluation of a plurality o a square havi

Qg?gf%vﬁgtggkt ai?ﬁe?x%gﬁéc&@e %ﬂlﬂn%&ﬁa&%@ﬂ&a{ﬁj&é Blu6sosi IO mEsss 't1s

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.
Furthe;', quality named nanotopography has been taken seriously.
The nanotopography (also named nanotopology) means irregtﬂarities with a
15 wavelength of the order of _from 0.1 mm to 20 mm and an amplitude of the
order of from several nm to 100 nm; the evaluation method therefor is
performed by evaluating a difference of altitude of irregulal;ities (a PV value;
- peak to valley) on a wafer surface in a range of a square block having a side of
the order of from 0.1 mm to 10 mm, or of a circular block having a diameter of
20" the order of from 0.1 mm to 10 mm (this range is named WINDOW SIZE or
fhe like). This PV value is also named Nanotopological Height or the like. As
the nanotopography, it is desired thét‘ the maximum value of the
irregularities present within the evaluated wafer surface is small. Usually,

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

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




eval uat ed wafe'r Is a good chip: Up to a design rul e of 19Ajugu§%répb§ t he
device fabricating process, it was enough to nmanufacture waf er that

o neets standard requirenents under evaluation with the above-nentioned

i ndex, but as recently . the design-dule has been beconing 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 yield. Accordingly,
there are required a wafer manufacturing nethod and a 10 wafer eval uating
net hod Side\ﬂﬁﬂehnal,mdewhm thisesadne bhe 60 yn badessy & istdeéerthmd tHatehe
above-nmenti oned i ndexes and specifications of severe design rules are

carri ecevaltiated Wafidr ianyggudodiipm Especially, with the above-nentioned GBI R
SBIR, SFQR, or the I|ike, although flatness at the mddle side portion of a

waf er can be [pebselysighrudy af 04 dm fih AhB RV fabrRAINBFRbsfqEL | ON
thereof, especially a portion in the vicinity of a boundary between a

chant erwgs BAGLER Bo it Faflird aSWhfRRaPinddis Mﬂarﬂ%eﬁﬁﬁ%&dé}ﬁ§ gy €val uat ed
precisely. For instance, in the device fabri.cating process, nany processing

macki nes a3usHoASwRA %M%@Mﬁ&@@] gﬂgﬁgg ramésh@ggggé %@gﬁ%@“d 20

conpatibility between a wafer hol used In Ine and a

confi gy Al hQh Pr;coﬁnig%}ciﬁﬁretagi_t%‘gﬁ QEQ&%WE ea?%feu i i%@iolflem% 91(1::%‘ ﬁg lﬁé 3

7N$tcﬂing el il t le i 0SS I;afg gvalua e the ?cargzeby
t I | S 4 | :
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' [ whi i eval uate t us . -
Conpat 107 FROEERRE e Al dBiiihe et bR Sl it st atass. rore

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

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

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

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

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

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

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




particularly a chuck used in each processing nmachine afPﬂA%gﬁ\ﬁfz@éstO be
processed. Especially, when a severe specification of the design rule is
applied to a wafer, it is necessary to nore precisely evaluate the

peri pheral portion of the wafer. Especially, there is a stepper (a popul ar
nane of a reduction projection step and repeat exposure system wherein a
wafer is stepped and exposed repeatedly to a projected figure through a
mask pattern (a reticle atter); it was_nqot necessarily possible to sort
out mfmpe\hﬁwaﬁréf iBaifée bRbvan eefBRHCS MARUEPMANS PTOSHTS, JUPHE i ons

t hererof by indexes, such as, SFOR. . The sane is also true for a scanning
exposurlRAdirsdanly aprhurkdised t cark prosessingnmaphing and 2 gralsbitagbe
difficulties of the prior art in view, it _is an object of the exanple
enbodi r9cEss- phensdella wieRoa aeneranspasifigadians of othe desigmarilsyis waf er
configuration which, by evaluating quality of a wafer configuration froma
di f f er exPlindelgpaiwaicr,risis ngecessy dattnermpreaisyly evalunte thelreriphtaratapabl e of
more precisely evaluating the peripheral portion of the wafer to

manuf adantienzoliliearaicni t abl e for each device fabricating process and

i nprove production efficiency in the device fabricating process and the
subsequent pisppeials. theret kera oblepper ofa trpuwdsanphmeewbodi netuaidns to

provi de a device fabricating nmethod, a wafer, and a wafer sorting nethod
whi ch, tpjeatival siepiangl rpmait expofure sydtem) sdndfreuaatafonis steppaddirfd er ent

vi ewpoi nt from the conventional SFCQR or the |ike using the above-nentioned
eval uataxpgsdd répeatet? D5 prajetthddigine dppaghtaisnasit pact@palibereticleror e

preci sely evaluating undulation on a wafer surface and the peripheral
porti ompatterp inveiag mdttnevepgdrily possibd¢ to sort out wafers which are usable in

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

same is also true for a scanning exposure system.

Disclosure Of The Invention:

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

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

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

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




suitable for each device fabricating process, especial hy s30Q59p685S USing an
exposure system and i nprove production efficiency in the device
fabricating process and subsequent processes. According to a first aspect
of the present invention, there is pfovided a nethod for evaluating a
waf er configuration conprising the steps of: neasuring a configuration of
a wafer at positions with a prescribed space wthin a surface of the
wafer; praoviding a first region within the wafer surface for_calculating a
r ef er en@igthgd éng rapparafus; awe capphlecok Mens Precipely yrlptingaradulaian gur at i on;
calculating a reference lLine or _a reference plane in the first region;
provi di 1y 2aavakeofacyned the prripherpl sesdon of ¢ walemi supBlY 2 eien:
extrapol ating the reference line or reference plane to the second region;
anal yzi $ijtabldifpr enshodevies Fdarcating povddsgucape@allpfa phecesscesingratyi on and
the reference line or reference plane within the second region; and
cal cul agdpogurd eystamalandenpidve qrreduetion effiméruyeinc e devies fabhicgting n t he
above inventive nethod, the second region is provided in a range of froma
boundargrookss hadfsutseqnegt prodessemn edge portion of the wafer, differences
(actual |y neasured val ues-reference val ues) between configurations at a
plurality ofAcopdirgatoya st akperst ofi thiei prestet Baconithny, eheonis paxividdd vy
measured val ues) and the reference lines or reference planes at the
posi t i cnsmethicel doervalwatinges) wedfer asmaifigaadtioandomipeisivax itheinsteps usf: anong t he
val ues of the analyzed differences (the positive maxi num di spl acenent
‘amount meadinéng posbifigtarafiBri G Wilet kitesssitond evitinee préscrilaldc ypated as the
surface characteristic A (rise). (Note that this surface characteristic A
(rise) wWi¥hilgusurZe5e8 theywhfre drbeidimarafRberefion Withihe tiabawdet Nventi ve
met hod, the second region is provided in a

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

wafer configuration; calculating a reference line or a reference plane in the
first region; providing a second region to be evaluated outside the first region;

~ extrapolating the reference line or reference plane to the second region;
analyzing a difference between the configuration of the second region and the
reference line or reference plane within the second region; and calculating the
analyzed difference as surface characteristics.

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

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




range of froma boundary of the first region to an edg?QE&%ﬁ&@BO%f t he
wafer, differences (actually neasured val ues-reference valFues) between
configurations at a plurality of arbitrary positions within the second
region (actually neasured values) agd the reference line or reference

pl ane at the positions (reference values) are anal yzed, and the m ni num
val ue (the negative maxi numvalue) anong the values of the analyzed
differences is calculated as the surface characteristic B (sag). (Note
that t hineyde ¢alled parametetefdstic B (sag) may be called parameter B.).
According to a second aspect of the present invention, there is provided
a. method f ol &alabevengvaatise @©W£@ﬁ senprcb pgip| isgpravéded épsa of
measuring a configuration of a wafer at positions with a prescribed space
wi t hi n zenger elaremon havendaay of the fiset tigen 4o farr edge pgitiom @Eﬂnm@ra\fm er
surface for <calculating a reference Iine or a reference plane fromthe
measur ediffgrenees (axtnallymeasime vaucendfateneg values) betwesn configugatians ef er ence
plane in the first region; obtaining differences between the reference

| i ne oratt ke plufaitgnot gbimary greditaotsuavitlyinnehe useshvialregisnwi(@adtizally he fir st
region; and calculating a standard deviation 6 of the obtained differences
as t he mepfacd vdlaesicand itheireferéndelhidel @t refepence Nilaae tatathet pesidons ace
characteristic C (undulation) may be called paraneter C). Here, the wafer
conf i gureferamenwahisspdaat ahaplzadal arid/ thie paBiidauens vahieh (the pregativeé bed space
within the wafer surface is displacenent (height or roughness) in the

di r ect i maxitetin vdliel anbhg thavalueswifthe analyzad Whiffeentéd kadaslated=y@l uat i on
on the displacenent in the direction vertical to the wafer surface 19
August (HeQurfhcseliRgadleriBEE B [3hag). {NoRetha® tHiseMalfa diniabreRbc® (ddpp front
side reference. Further evaluation on the wafer thickness nmakes It

possi bl@ay BeRUIEQ PhRrameter B.).

According to a second aspect of the present invention, there is provided
a method for evaluating wafer configuration comprising the steps of:
measuring a configuration of a wafer at positions with a prescribed space
within a surface of the wafer; providing a first region on the wafer surface for
calculating a reference line or a reference plane from the measured wafer
configuration; calculating a reference line or a reference plane in the first
region; obtaining differences between the reference line or the reference plane
and actually measured values within the first region; and calculating a
standard deviation o of the obtained differences as the surface characteristic
C (undulation). (Note that the surface characteristic C {undulation} may be
called parameter C).

Here, the wafer configuration measured at a plurality of positions with
a prescribed space within the wafer surface is displacement (height or
roughness) in the direction vertical to the wafer surface or a wafer thickness.

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




eval uati on based on the back side reference. It is prefgnagobgsmake. 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, obt’al hi ng 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 portjon_ thereof which are read at a plurality of positions on the

waf er dopkegd ressible to perfgbmsevaluationsbagesl enthe font gule refaremoeeri stics
from respective configuration profiles which are read at a plurality of
.posi t i dhartber evabmatione ovebhe ewagmrthlghneﬁs nrekasaftepossablehto gegforpor t i on

t hereof, and obtain 15 an average value froma plurality of the analyzed
sur f acevaheatamt basast ox $he beek shterreferemceef er ence pl ane of the first region
Is preferably made fromdata that are read within the extensive wafer

surface of fr fnisthefaabls 60 makertheorefoferichdinpbfroinotHeeichdge opelid | on
thereof. I.n the conventional SFQR or the |ike, a wafer surface is divided

intd  20ndfad doriish tof The @abr 86 o Rl 47 sTaharferst ReplonCRithin ¢heteese pl ane
I's prepared for evaluation, but in this case, since a reference plane is

pr epar Q‘@ﬁio&i By rBAdin@Wa *bBAghFatAth PYEHRIGHaL iié,a+1§taixﬁhg% chREsStRE 1O

accurately evaluate deterroration of an actu confrguration or the I|ike.

Espect girbiile) of £ldb the EOMANHLATA oP VAL RAKLNG (IR IR pAefligugat i on of the

peri phéral portion o 25t er cannot be ev accurately. 19

suguet, 2002 14 ke FRRSSSRGE S I uRabe SRR SRS LIRRLS 2,
gl obal oi)@ﬁ(ih%a%iyvgeragihg configuration profiles of from the central portion of the
10 wafer to the edge portion thereof which are read at a plurality of positions‘ on
" the wafer surface. |
It is also possible to analyze the surface characteristics from
respective configuration proﬁles which are read at a plurality of positions of |
from the central portion of the wafer to the edge portion thereof, and obtain
15  an average value from a plurality of the analyzed surface characteristics.
Further, the reference plane of the first region is preferably made
from data that are read within the extensive wafer surface ﬁf from the central
_portion of the wafer to the edge portion thereof_'.
| In the conventional SFQR or the like, a Wafe'rr surface is divided into
20  areas (sites) each about 20 mm square in which a reference plane is prepared
for evaluation, but in this case, since a reference plane is prepared in a
narrow area to be averaged, it is often impossible to accurately evaluate
deterioration of an actual configuration or the like. Especially, in this

conventional evaluating method, a configuration of the peripheral portion of _

25  the wafer cannot be evaluated accurately.




region (a first region) for calculating a reference |ingAQL,&20H6% €r ence
plane froma basic configuration of a wafer; the referencgu I ne or
reference plane is used by extrapolating it to a region to be eval uated
such as the peripheral portion of the wafer (a second region) for
anal yzing the surface characteristied0-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
bet ween t he ref Ag8nbi + ef = Qlln?uﬂ? : tual .
configurati onI(,?l t eg rreaé%?%ggﬁ%@%nﬁjm&\%eﬁe S g\?/‘g%ﬁ%% %%sgﬁ Sﬂo‘sﬂg F}A in FIG
1), the mEASUrLeER-AHRVH 4 eeferfteSilané B GbPefJ:eir&i i agléBQL (eR@rdiveper si on
of roughness in the first region (Cin Fl ) as undul ation. The
undul at i :egion (a tibet fo@sH) Brecilediamit 8 ideRyRbUaE drad defttdnte fplage from a
different point of view of the conventional undulation. In other words, in
t he net hodmaa daisit ognfigirbtienexfamplaéere il defapaics, lineaor edfereemeeplhnaés or a
reference plane is prepared in an extensive specified region (a first
r egi on) wsedabyafxérapslating @, torhi reigidns tabeagwdudtmdgaunch harthet pémplseralt he site
to be evaluated by the conventional SFQR or the |ike, the surface
char act eraréipnc the vwader (4 sesondagigion) der apalizingdhssurthoschayasrtgaisties (a
second region) other than the first region is eval uated based, on the
referen en¥ceRd negiory dcihrepTeleense ding: e refirance @ﬁ{%ﬁiwdsﬁbvg?ff i ed

Q

[ he fi. ' . As h | uat.i f nce, .
o df noliSE Eoeier o PERRE K FaHeSE sharas v iPghelg oL r R PR ER% || ne
(a1 obal & llFerRtte ferirh e ters? iR arotiiefiel PdBpcted SRR coent
(gl obal . . | .
| vent | Qe d SnarA G ARERRAL ALUS i Blauly/aLi R el B0

configu rising: a con ation "neasuring uanit r measuring a

confi gurgt heinfhs@retPidRinflmPRALE QNS ¥ (B if FIQ. N RS tivl8Rpedsion of

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

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

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

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

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

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




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

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

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

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

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

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

met hod as small as possible. Especially, it is effective to fabricate a
devi ce usi ndlen abwpesneiayst emigtuatwahersuring tmif 9s ApepfetabB0Gb
displacement measuring unit for measuring displacement in the direction
vertical to a surface of a test stand of a surface of the wafer placed on the test
. stand within a wafer surface, or a thickness measuring unit for measuring a
thickness of a wafer held by a wafer holding jig within the wafer surface. The
apparatus according to the example embodiments is advantageously used for
carrying out the method according to the example embodiments.
In a device fabricating method according to the example
embodiments, when fabricating a device on a wafer with an exposure system,
the device is fabricated using the wafer having the surface characteristic A
(rise) of 150 nm or less calculated by the above-mentioned evaluating method
and apparatus.
Thus, the effect of rise in the peripheral portion of a wafer is great in
the device fabricating process using an exposure system; it is preferable to
make a value of the surface characteristic A (rise) obtained by the

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

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




- 12 150 nmor less. It is preferable to nmake the risi [@AB%EGPQU@S“S as
smal |l as possible, but it is not preferable to nmake sagging too |arge, so
that the lower I|imt thereof is about -20 nm Further, when fabricating a
device with an exposure system it_igs. preferable to fabricate the device
using the wafer having the surface characteristic B (sag) of -300 nm or
| ess, especially of -300 nmto -900 run calculated by the above-nenti oned
eval uati ng met hod and .apparatus. It is post jinportant for the fer used in
an exp &na\artlens-t 1 in Rreferablertosmake theetigiog) GaPareIs as %laﬁﬁ%% eof , but
too | arge sagging. is not referable, and the degree of slight sagging is
pr ef er dmssiblanbat ittigdrat preterably topmakersagemme e 18888, &9 @'@Brt%‘éé?’i"% a waf er
of the order of -300 nmto about -900 nm especially of the order of -500
nmto -1Bo0 therspf ihalbeiet 290%@- menti oned i ndexes. The wafer according to the
exanpl e enbodi nents has the surface characteristic A (rise) of 150 nm or
| ess and t héfwithémcwhenalebricatingt f cd®i¢s agih a1t expogurmsyptamasst 1§ n bri ef,
it is preferable that the surface characteristic A (rise) is 150 rimor
| ess amtefdrableuntd atabridate atiteerdeyidec WBigg athe i wafegobavingoithe esarfpee a waf er
used in the device fabricating process wth an exposure system Since the
conventdhamatteniafierB i(saghaf -808| uat edldsg, ehpeciallyo vk -0 i ted-9080dBReS, nany
sags are found in the peripheral portion thereof. For instance, in the
conventdabndhtedelbethd dsovehmentipned pedlaatidgimethodgatd appdra2@8 nm or | ess) and
the paraneter Bis -700 nmor |less. Wen the sags are elimnated froma
waf er, the Vaietmdss imppttaint fatte: swvafdrsnsgl irc anfdaxposatd systemdta haveabove
parameter A becones 200 nm or nore. 19 August 2005

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

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

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

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

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

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




- 13 However, since it is difficult to satisfy the abo -g@g%i d wafer
quality by the usual polishing, in the exanple enbodin%%f% gaggfer

peri pheral portion is polished especially carefully to nmanufacture the

waf er having the paraneter ranges.gg .described above. There could be
concei vably various nmethods for neeting the above requirenents: for

I nstance, a first nethod in which a work is polished in a state that a
coating filmmade of material having a polishing rate slower than that of
a work is fornBewsyer W%Ftklspékfﬁﬁliﬂgrtal saferly iths ehpvgdpgatioped ovalehi ng rate
t hereon; a second nethod in which a work is polished in a manner_ that an

i mpr oveduaiEnby f Bie M@l rigelishile k in sthemskaymle etnbedimentyeths Aafgf a wor k
hol ding plate is inproved, or a work is chucked at its peripheral portion
by a westipharabipattign as @olished £sheeidlly earefully gor maoniagtuse \K,ge Rvader di ng
region and a soft peripheral portion thereof, and a third nethod in which
a fr onthaung fbe pefametenvakgdssapdtsaiied above. manner that a back coating is
fornmed on a back surface of a work and the work is held at the back
coating, and iThdrhi®uldtbeocongesrahi ersbus agsthods fat snedteng time mbbied by
differentiating the thickness of the back coating between the peripheral
port i onreghiirehentaf for iasthricke acirst rmatthgdoirt wbich lrewedt is paolishedantde

pol i shing pressure on the peripheral portion thereof. Further there are a
f ourt h smatehdthtiancodtirghfilin dhadetbmatérial hafing a fedishirg rie gJowentlyarpol i shi ng
I's made | arger than that of the finished product and sags in the

peri phathak oparkornisfoemedrdri thd emrRypesiphiskal pargiohh® adjuet a pélishinecr easi ng
the diameter thereof after the primary polishing; a fifth nmethod in which

a waf errait® tihelebiNa Gebdn® wedthad iR Ywhitdl a Work B ptshed iher neldesthag head the
pressing force against the peripheral portion of a work is 19 August 2005
an improved means for holding a work is employed, that is the size of a work
holding plate is improved, or a work is chucked at its peripheral portion by a
work holding plate with a hard central portion of a work holding region and a
soft peripheral portion thereof, and a third method in which a front surface of
a work is polished in a manner that a back coating is formed on a back
surface of a work and the work is held at the back coating, and in this method
peripheral sags can also be controlled by differentiating the thickness of the
back coating between the peripheral portion of the wafer and the central
portion thereof to change the polishing pressure on the peripheral portion

thereof.

Further there are a fourth method in which a diameter of a wafer
before the primary polishing is made larger than that of the finished product
and sags in the peripheral portion are controlled by chamfering the wafer
with decreasing the diameter thereof after the primary polishing; a fifth

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

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




- 14 controlled independently fromthe central portion anand a sixth
nmethod conpletely different fromthe above nethods i nl%\ﬁlﬁ%ﬁs(?go%%ri pher al
configuration of a work is controlled by plasna etching the peripheral
portion thereof after polishing. Hqwever, even if a wafer is polished
carefully under the manufacturing nethods described above, it is
frequently necessarily inpossible to nmanufacture the wafer satisfying the
above paraneters A and B with certainty. Accordingly, manufactured wafers

are sor¢ayrelledondepamientht frag thiecerieal Rortienithergolaad & sixth methed er

sorting nethod according to the exanple enbodinents is for sorting a wafer
on whi ctrrapleiddes differentbiroant it ahave dnctigessune whichers neEPREMIt here i s
sorted the wafer having the surface characteristic A (rise) of 150 nmor

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

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

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

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

i nf or meB ivdth a&rthidey. above quality can be eval uated by using the surface
characteristic C 19 August 2005

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

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

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

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

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




-15 In addition, fine irregularities on a wafer surfacegqng 2005

nanot opogr aphy are becom ng a problem too. The sane in?or tion as the
above quality can be eval uated by using the surface characteristic C

“ (undul-ation) of the inventive eval G&@i'ng nmet hod too; the surface 5
characteristic C (undulation) of 20 nmor less nmay lead to a wafer with an
excel l ent surface state. The values for the surface characteristics are
eval uat ed usi ng data obtained by setting a boundary (an arbitrary position
X) between the fi . regi.on and the second region to a position of 30 nm
away from the p@r‘i‘fﬁﬁ@?al lﬁ@ﬁgér Matigaf on: ﬁ*reél‘é@:%nﬁﬁ?fgé‘? Aapadr
configuration 10 is based on the data obtained by excluding the area with 1
mm i n WAROOReEARLY e hrsorpRsraapTgiem; dep- o hersampginformadionuay the t he
chanfered. portion). Brief Description of the Drawings: Fig. 1 is an

expl anabovg qiialitysheaw the svabratedchy| ysings thar serfdceretisiractairistiel & i ons
‘between the reference line and the first region and the second region in

t he netthndulatiordvadfiathengimvesdfver evattingingat inethodic tos:di thg t surfhe pr esent
invention; Fig. 2 is an explanatory view showing the first region and the
_secbnd chagaeteristict Q dupdtrhoifbr)osf 20 ahuakilag mayalead €oafwalds adikRmgaccording -
to the 20 present invention; Fig. 3 is an explanatory view show ng an
exanpl exeéllént eoefsdeneigeondthy aalless foF thvabuehe® cHarabiaeidiRt hgeh f or

eval uating a wafer configuration according to the present invention; Fig.

4.is apvakpltedalsony duiLubheion By seftieXaBBLAdREy @fn AbitiRy YoSRRE Pnal region

for evaluation in the nethod for evaluating a wafer 19 August 2005 16
between the first region and the second region to a position of 30 mm away

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

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

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

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

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

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

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




configuration according to the present invention; Fig. léAhguquO@ig(pl'anat ory
vi ew showi ng anot her exanple of a two-dinensional region Tor evaluation in
the method for evaluating a wafer configuration according to the present
invention; 5 Fig. 6 is a schematic  $6de view showi ng an essential structure
of a first enbodinent of an apparatus for evaluating a wafer configuration
“according to the present invention; Fig. 7 is a schematic side view show ng
an essential structure a second enbodi nent of an apparatus for eval uating
a wafer configuration 10 according to the present invention; Fig. 8 is a
f1 ow chenfigetediimgccamdimetmpthe pfesanpimoedwsequence in a device
fabricating nmethod according to the present invention; and Fig. 9-is a
graph showi ngFan 6vid wat iexplaestary wiew hehswinkaeaotldhracaatmgriesefi @ A in

vari ous manufacturing processes in Inventive Exanple 1. 15 Best Mde for
Car ryi bgo@indhtorddivepidrofor &magiionninsthel matiml hatevadnativglaahifstg a waf er
configuration according to the present invention and an apparatus used for

carryi penfRiirdtih afR ARG & GhelSEabhbatvdmtigigt ai | below with reference to

the acconpanying 20 drawi ngs. Fig. 2 shows schematically a configuration
of M waf er W%@i@é'%hegﬁtﬁiﬂ@hﬁ%ﬁl ?}Rﬁﬁﬁg%:{ bl dBERE F AWV I S |

chanfered to prevent cracking or the |like, "a chanfered portion Wn bei ng

chanf e vent Tike "acl . .
el or SR o il of BT sEfa kT el A0REE, LMEEAIRE"D Gust

2005 according to the present invention;

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

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

15
Best Mode for Carrying Out the Invention:

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

20 drawings.

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

- 25  object of measurement.




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

li-ke, in the p : Lt | .er. | uat e t he reqgion forned
by * excl udi ng gﬁﬁgﬁgé\tﬁa%%fe? ﬁghﬁﬁg%‘%’fuﬁ ?ﬁlﬁ%#?’gr# ?Wgac%%?§$ga%;§%rt I on Whn
10 Fig. . l.s tteal Ly sho I-spl.acement i n,thickness of a surface of a
waf er \ﬁ&]ﬁ &n%? pﬁ‘fﬁtéh%f“"a\ﬁﬁ%méiﬁ lgg?r ?}gPﬁft’ﬁCﬁ’dﬁHg\ﬁ&f @rea Wil i gurati on
accor di t.g,{h resent inventi is to quantify rise or _sag_ whjich is
casi | y the Torlch &F oo RE R T 2 o e 6 o ARG WeO!
peri pheral portion of the wafer (10 mmfromthe chanfered portion Wi. 15
In t he%ﬁ%t“f?@ar Wyr ﬁé\?‘é‘?"lﬁ’ét lr%?@nglmgfsem%%ﬁd Wuealnate decsgnhybich he
present, i nvention, as shown in Fig. 1, a reference Iine 10a or a reference
pl ave fomned by exdndmavannarea Wit ithaswidshr efgilwwn (fromi the chawifered W f or
calculating the reference |ine 10a or the reference plane 10b in a wafer
sur f ac ®offigmnorhihessegion dontheyverst lisnitoff theebowmdaryvpetvimen Siemenice | i ne 10a
or- 20. the reference plane 10b is extrapolated to a region (a second region)
W2 to Buriagg anddbedhamiehed pertigheCahsideringoneafurie pyedision sawddthes used
thereon for analyzing the surface characteristics of the second region W2,
or is lkedinkhetpresént stateeiyiisrpraferhbie tmakvyhiatg theeregiod daemed by
characteristics of the regions W2 or W. 25 Differences between the
r ef er enzdullimeain Gaeawithehe efidtle nf nph drem 18e AugusbraDPdrtion Wm.
10 Fig. 1 schematiéally shows displacement in thickness of a surface of
- a wafer W. A main purpose of the method for evaluating a wafer
configuration according to the present invention is to quantify rise or sag
which is easily generated on an area with the width of about 10 mm of the
peripheral portion of the wafer (10 mm from the chamfered portion Wm). _
15 In the method for evaluating a wafer co_nﬁguratibn according to the
present invention, as shown in Fig. 1, a.reference line 10a or a reference .
plane 10b is prepared within an extensive region (a first region) W1 for
calculating the reference line 10a or the reference plane 10b in a wafer
surface from the basic conﬁguratibn of the wafer W; the reference line 10a or
20  the reference plane 10b is extrapolated to a region (a second region) W2 to be -
evaluated on the peripheral portidn of the wafer, and is used the_réon for
. analyzing the surface character_istics of the second region W2, or is used in
the first region W1 for analyzing the surface characteristics of the regions W2
or W1.

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




-18 10b and an actual configuration of the wafer are "?é%&g&gaoéﬁd t he
measured maxi num value is evaluated as rise A the neasured m ninum val ue
is evaluated as sag B, and dispersigg C of roughness in the first region
W is evaluated as undulation. It 18°fo be noted that, in Fig. 1,
designated by 5 W is a central portion of a wafer, W is an edge portion
of the wafer, and X is a boundary between the first region W and the
second region W2, which is provided at an arbitrary position. In the

met hod for eval uating.a wafer configquration_ by preparing reference line,
a conf i@grﬂpﬂoﬁ%ﬁcﬁl%f: g@%ﬁe@%m’ﬁ% ?F%n@e\ﬁtﬁF’FP‘ﬁ al}@ €scri bed
space on a surface of the wafer; the neasured wafer configuration are
succesdneasured masignum ¥ahts HuewrlusiedrsmiselofthermepsuredcBARBIMOr t | on W
of the wafer Wto the edge portion W thereof as shown in Fig. 3 is read
from whtusisredusmd igsaab, and dspersiirsCadlroukhness i tlef Sratmegidn ne up to
a boundary X of the first region W. provided at- an arbitrary position away
from t W1 iSeccalntated apanidudati¢n.n It dohedicied dhatdni Hig. df dedignaimfldry) ; and
then a difference between a configuration at an arbitrary position (in the

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

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

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

hi gh llatness -level, so that the reference line is fully approxinated by
e e iR Tl iR el veer (he
arbit r%férgﬁgé ﬁl'ﬂ%,n alcognifé'{ﬁjéﬁonzgp R wafer is measured at positions with a
10 prescribed space on a surface of the wafer; the measured wafer conﬁgqration
are successivély stored; a configuration profile of from the central portion We
of the wafer W to the edge portion We thereof as shown in Fig. 3 is read from
the stored configuration; there is calculated a reference line up to a boundary
X of the first region W1 provided at an arbitrary position away from the
15 central portion (in the radial direction of the wafer); and then a difference
between a configuration at an arbitrary position (in the direction of the wafer
- " thickness) and a value of the reference line 10a’_at this position is analyzed to
be calculated as the surface characteristics.
The reference line may be approximated by a straight line or a
20  curved line most well reflecting a configuration of the central portion of the
wafer W, but usually the central portion of the wafer W is polished to a high -
flatness level, so that the reference line is fully approximated by the straight |
line.
Here, an arbitrary position X of a borundary between the first region

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

o




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

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

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

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

- edge poetipheried@nobiticdmhlar, Meas pirelribleus)prépirala reffrehetaeldrne (a
reference value) at this 20 position [a configuration at an arbitrary

posi ti Q@fe&@ﬂc@?l&tﬁa‘ hty aRARNGEHS VOl HE) awaydr @l @lec@aRral fsrtfn sty bitrary
position (a reference value)]; and the imaxinum value anong the anal yzed

val ues wdsapal bie tAQ @M BN FRK WMo xﬂbfﬁle@f‘a%agi-) Mﬁ% é)gisiﬁcﬁi?oﬁax‘ fum

t hi ckness difference) 1s cal culated as “'surtace characteristic A

o ) 2818 ST SPGB 6, Bl 2y gpoonien, o 11 1o

10  in diameter). However, this position may be f_re'ely changed according to the

wafer size and others so that the wafer quality can be evaluated Iﬁost
accurately.

In the method of calcuiating the specific surface characferistics to be

evaluated by preparing a reference line, a configuration profile of a wafer W

15  of from the central portion We to the edge portion We is read; a reference line

of from the central portion We to an arbitrary position X is calculated; then

there is analyzed a difference between a configuration at an arbitrary

position in the range of from the arbitrary position X to the edge portion We

(an actually measured value) and a reference line (a reference value) at this

20 position [a configuration at an arbitrary position (an actually measured

value) — a reference line at an arbitrary position (a reference value)); and the

. maximum value amoﬁg the analyzed values (usually the positive maximum

displacement amount or the maximum thickness difference) is calculated as

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

25  quantitatively indicates a rising configuration on the peripheral portion of




.20 the wafer. Also, a configuration profile of fron1tn§Aﬁg&#5absportion e
of the wafer Wto the edge portion W is read; a referenc i'ne of from

the central portion to an arbitrary position X is calculated; then there

is analyzed a difference between a2genfiguration at an arbitrary position
in the range of fromthe arbitrary position X to the edge portion W (an
actually neasured value) and a reference line (a reference value) at this
position [a configuration at an arbitrary position (an actually neasured
value) -- a reference line at an arbitrary position (a reference value)];
and t hehewifseim val ue anong the 10. analyzed val ues (usually the negative
maxi mum val ue) is calculated as the surface characteristic B (sag). This

surface char agl iaSkéefi Burhtasit E&@ﬁllevcﬁ* frond BHE CBh6%A1 HorfH! We Goflid gurati on
on the peripheral portion of the wafer. Further, a configuration profile of

fi t ) ' t !
((ra>c<)(r:nl u&& r%gmret@léﬁg%frdgfggm\g%rn ?IW gnﬁ&ﬁ?&?éqe{%/eﬁlg% ; %a(ﬁ(r:&?éﬁ%llroer?c% F%l: of from
th : _ . \ o : I
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[ @l th | ti tg.th bi.t.r ar. Lt
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I ' I ted th f h cterj,stjc C | ati . Thi
st f ac& 3 Bnarhirery Borinie J o ER ade R e S e
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anal ysis, providing a plurality of radial nmeasuyring positions as indicated
by t hat @8:arddrarnBoFKion {st.n actuglympepruredaialpelor pireterepcs lamatiea cent r al

portion W 25 to the edge portion V‘ﬁ (excl uding the chanfered portion
W) . ar erbisearyf pQﬁﬁlomg(eaAmjggqnc,QU@ue) ; and the minimum value among the

10 . analyzed values (usually the negative maximum Value)A 1s calculated as the

: éurface characteristic B (sag)._ This surface chéracteristié B quantitatively
indicates a sagging conﬁ;guration on the peripheral portion of the wafer. .

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

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

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

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

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

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

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

20 characteristic C quantita;tively indicates an undulating configuration and a

: flatness level of the central portion of the wafer.

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

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

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

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




_21. the plurality of positions on the wafer surface, ﬁ@guggngyﬁgage of the
read values may be used for analysis of the surface characterrstics. In
other words, a plurality of configﬁ{gtion profiles on the wafer surface
may be read to previously obtain afi-average.val ue of the configuration

- profiles (an average configuration profile), and the surface

" characteristics may be anal yzed from the average configuration profile.
The surface characteristics are analyzed on the basis of the configuration

profile of framthe central portion W tp the _edge portion W and then the
aver agéh‘?/éjllﬂ’@(}%bﬁe?fgﬁ‘fﬂ%?sl?@ Hha FerISuHBEe, 209 A ARETARBAICe Bkt i ng
method, it is possible to elimnate unnecessary 10 noi ses such as taper
conpon&atuesgnay bgarsed foxpaalysivelibequrficenhagpeferisticss In othgireprdss anal yzed
radially al ong about 400 |ines (about | degree apart), the information on
t he whal plwalifacd enfighsatighepraies e thawealferdurfree mayche areedyto I n t he
nmet hod for evaluating a wafer configuration by preparing a 15 reference

pl ane pBéviotsly aliteire asuaveaage ofaltdef tled eonfiantshoprmofilas kg avérage  di vi ded
into, for instance, four regions; in each of the divided regions reference
pl ahes cafbgratipar profde), exidtisé werfhce sharmgeristicd\heny W lanaWeed frosh  WLd
(with any formincluding a square or a sector) in a central portion of the

waf er ; this avefaRcesnfiguratlombprifile heTleo Bhifaus @hbeictbeisties Art haalpial ence
pl anes 20 and arbitrary planes (second regions W2a, Wb, W2c, and Wad to

- be evabHahehasid & @idYedn®gBrafioh Yol 8f BOHALIR MntRalPSitforPWd Rhgleal
portion) are analyzed to be calcul ated as the surface characteristics.

Fi . 40300WRrti¥AMWRUSH EXBOR RS dveRbbe %meev;%%)eagfénéwwet@t@l{ M, 480t he

regions. "In addition to the above exanple t ffour ed regions, a
LS RV a2 9400 B, 08 1A nfuBhid Shaped
10  noises such as taper components of a wafer, When a configuration profile of a |
wafer is aﬁalyzed radially along about 400 lines (about 1 degree apart), the
information on the whole surface of the wafer can be evaluated more

accurately.
In the method for evaluating a wafer configuration by preparing a
15 | reference plane 10b, the whole surface of the wafer W as shown in Fig. 4 1s
divided into, for instance, four regions; in each of the divided regions
reference planes are prepared on extensive first regions Wla, Wi1b, Wlc, and
W1d (with any form including a square or a sector) in a central portion of the
wafer; differences in terms of the configuration between the reference planes
920 and arbitrary planes (second fegions W2a, W2b, W2c, and W2d to be
evaluated with any form including a square or a whole peripheral portion)
are analyzed to be calculated as the surface characteristics. Fig.- 4 shows
various examples (four patterns) of how to provide the regions. In addition to
the above example of the four divided regions, a first region W1 and a second

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




-22 wafer as shown in Fig. 5, and the differences int
configuration between them nay be anal yzed to eval uat?gﬁg&fga?%ce

characteristics of the wafer. Also %hen eval uation is performed by
preparing the reference plane 5 1084as in anal ysi's using the reference
line 10a, data for the extensive first region of fromthe central portion
We of the wafer Wto the edge portion W thereof is read; a reference

pl ane of fromthe central portion to an arbitrary area is calculated; then

there is anal yzed a .differenc et n a second region to_be eyaluated on
the perTHiEAs s %ilerﬁtlgf 5 ﬁ@ﬁ\&g@e&{%ﬁmﬁ&%t%&% B ferfigPEaonop (a
configuration at an arbitrary position - a reference plane at the .
arbitr MWQ@githpmmmaYabma@MZﬁim aupuaie fhe shtage charagiaripbied of $he ues

(usual ly the positive maxi mum di spl acenent anmount or the maxi nmum thi ckness
differenafey. is calculated as the surface characteristic A (rise). Likew se
the m ni num val ue (usually the negative maxi nrumvalue) in the 15 second
‘region is cal Albawddnasyaliwticuis perdonhad dytmrepatring the(efgencEpiaher t he

di spersion of the roughness in the extensive first region in the central

por 5i onObods thensdf€s dsinmhd eefeededccine T rkith Sor the wikedredvadirshe surface
characteristic C (undul ation). The prescribed neasurenent space on the

waf er sdpfoacef fbaitik BshtrZ0patRbeVRDdftHM whfdy W fonhelédgespageon Waat ural Iy
- nmore than O mm but evaluation is perfornmed with the space being smaller,

nmor e agRdfeHfas r@Q&f é_ﬁﬂa‘fe@éﬁ 1‘&%@_&’%&5&% Sdrftal I?M_ti&kid’@n ‘é&%it‘i‘far;? he
surface characteristics, evaluation of wafer configuration can be

per f or ned, "R &IRALHER! Bloh thak ié"%n%‘?y‘%eﬁ“%i &i@e&eg@}y@i’v@béﬁtd QBeorpp that the

yield in the subsequent processes can be I nprove 9 August 2005
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 referen;:e

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

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

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

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

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

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

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

characteristic C (undulation).

The prescribed measurement space on the wafer sﬁrface should be

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

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

By making use of the surface characteristics, evaluation of wafer

configuration can be performed more accurately than the conventional

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




.23 Next, an evaluating apparatus for performng the a S |s
described below. Fig. 6 is a schematic explanatory vi ewxﬁ%’%%gd%n

essential structure of the first enbodi nent of the apparatus for

eval uating wafer configuration accdtding to the present invention. An
apparatus 20 . for evaluating a wafer configuration shown in Fig. 6 is an
-apparatus used for- measurenment and anal ysis of displacenent of a surface
of a wafer W which conprises a test stand 22, and a di spl acenent
measuring unit_ 26 having a displacenment gauge 24 equi pped with a | aser
osci | lator orNest, s efltpbing aunrayebys fearaiEmnetheorpnecnalgsisdsc. , and
~optically rreasures shifts in the 10 distance fromthe previously cal | brat ed
r ef er edescrpwidibelaw. thig. Qiis plsabematic.explanathey eiesoshoneing aheswenitialFi g. 6,

t he di spl acenent neasuring unit 26 functions as a configuration measuring
uni t. Fhectwst oftthadi22 émbadsbent ofighd dmpanaltasifoy avihdrsong avafelri con waf er
Was an object to be neasured. The di spl acenent gauge 24 is an apparatus

15 f or coniffigekiagionn @ceoddage riob elen ebénta invastisn.bedns ppparainiso2@ fowr f ace of a
silicon wafer Wplaced on the test stand 22, and for iInstance, a HeNe | aser

or 8 heevalua@ingSa UsSfdr adnfibariflsRsHaearin The. €iispirappBRitugaued 4 1S

equi pped with .an automatic focusing nechani sm (not shown), and this

aut oM ot eEMEhNEnd R Wdl@lﬂ&&ﬁéﬂ?éf Wislibfach OF a WafadWe wiickCD (Charge
Coupl ed Device) 20 camera (not shown), an autonatic focusi ng circuit (not

Sho""”) gﬂs% efe%t 93N a Hta?%é %ﬂ ¥nd REASuPR r@@ﬁa{rﬁ{% gcted from

t he SI e [ aser 'S emtt romthe 1aser

et er 'eﬁicgrl%"&}&‘%eﬂtﬁﬁ ocus%‘fﬁ@é@ﬁ%&ﬁuﬁ%ﬁ SRR b R AR O s
DUt S50l SRR Al uld, 0, SR P Rord GRS 12008

10  distance from the previously calibrated reference point as the displacement.

In the embodiment shown in Fig. 6, the displacement measuring unit 2%
functions as a configuration measuring unit.
The test stand 22 is a stand used for placing thereon a silicon wafer
W asan object to be measured. The displacement gauge 24 is an apparatus 7
15 | for irradiating a laser beam with a prescribed space onto a surface of a silicon
wafer W placed on the test stand 22, and for instance, a HeNe laser or the
like is used as the laser beam. The displacemént gauge 24 is equipped with
an automatic focusing mechanism (not shown), and this automatic focusing
mechanism is provided with, for instance, a CCD (Charge Coupled Device)
20 camera (not shown), an automatic focusing circuit (not shown), and others,
and can automatically focus on an image reflected from the silico;l wafer of
the laser beam which is emitted from the laser osCﬂlafor.
The displacement gauge 24 measures the displacement from a
reference point when focused by the automatic focusing mechanism, and

25  inputs the displacement data into the computer 28.




-24 The conputer 28 is equipped with a CPU (Central Progagsidgosdit), an
RAM (Random Access Menory), an ROM (Read Only Menory), etc. The conputer
28 into which the displacenment data_ output fromthe displacenent gauge 24
are input, reads the analysis prog'r% ' stored in the ROMusing the 5 RAM as
~a work area, and cal cul ates the surface characteristics A, B, and C of the
waf er quality according to the present invention fromthe input
di.spl acenent data with the CPU. The surface characteristics are paraneters

especially us for eval uation of per.i pt portjgon of the wafer. In

ot her words, fg% C@E‘l?b‘lﬁ?’é%?%eﬁwas"é%{lél gf"i)f Q-é@tﬁéiaﬁﬁqeé?mg%éng&ccessi vely
I nputting and storing configuration data gbtained by the _displ acenent
measur i {Rendenchedesy @2%\@9@‘? aeaROM (Bead Only Memars), eetc.s (ieace
characteristic calculating unit for reading the configuration data of from
t he cenomputeol8 i whidhhhemibplaceitentidada edgeutplrotd the displaeindmtom t he
storage device, calculating a reference . line or a reference plane from

t he 15gaage 24| arpanputnreaflstthe analysis poogamastured an thp ROMuasidghde anal yzi ng
a difference between the reference line or the reference plane and an

ar b t r RAM p0s widrRRareanthd edleulaats tige SindaenellaractbridtidcA eBcend@ € dthe surface
characteristics. Fig. 7 is a schematic explanatory view show ng an

~ essent igab walerS luddity’ Bcrdins @60 RHe epRAGhIERIveAtiohN FraRPIhat Hiptor

eval uating a wafer configuration according to the present invention. In

anot heg; §1hQdh 8RN dafaQkithtthe APUAMEdSFe ANIhHR M sar fa@ém%@élfgi' guration,

a thicknéss may be neasured with a flatness neasuring unit based on an

o Sy SR LA S A ol e o, Lhe el er

surfac at ness neasur i el ectrostatic.

- capaci tance Sﬁfto%ﬁéli %volfag,d tﬁg dg‘ﬂﬂﬂﬁgr Zég)%omprises a stofage means for

10  successively inputting and storing configuration data obtained by -the
displacement measuring unit {the configuration measuring unit) 26, and a
surface characteristic calculating unit for reading the configuration data of
from the central portion of the wafer W to the edge portion thereof from the
storage device, calculating a reference line or a reference plane from the

156  central portion of the wafer to an arbitrary portion, then analyzing a
difference between the reference line or the reference plane and an arbitrary -
poéition, and calculating the analyzed difference as the -surface
characteristics.

Fig. 7 i1s a schematic explanatorylview | showing an essential

20  structure of a second embodiment of the apparatus for evaluating a ﬁafer .
configuration according to the present invention. In another embodiment for.
the apparatus for evaluating a wafer configuration, a thickness may be
measured with a flatness measuring unit based on an electrostatic
capécitance system in place of displacement of the wafer surface. The .

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




-25 as a thickness neasurenent unit ' 34 equi pped Wthl?A&Bﬁﬁbﬂﬁs gauge 32
conprising electrostatic capacitance type of upper and 1Tower sensors 32a, :
32b arranged such that the wafer Wis held between them as shown in Fig.

7, and neasures the thickness of t4® wafer- Wby measuring the distances -
between 5 the sensors 32a, 32b and upper and | ower surfaces of the wafer W
respectively. As the flatness neasuring unit based on the electrostatic
capaci tance system a comercial non-contact type of wafer thickness,

fl at ness and, BON WARP neasuring unit such as Utra Gauge 9900 produced. by
ADE CoPf.2 kaifkpess Jpepsupgmend wpibatheqsimed pithwathiskners saves &2 '
configuration shown in Fig. 7 conprises a wafer holding jig 36 for holding
a waf ecomprisiies alesinestatieeanasitadice hypkobeppercand liwey senisors3ila, &% a

conputer 28, and is used for neasuring 'a-thickness of the wafer W In the
enbodi merangedemchi thakithe wafer Whis hdlid bietwsen themuad stpwmin Fi4 T umdt i ons as a
. configuration neasuring unit. 15 Thus, any type of eval uating apparatus my

be usednesisubesithatlyickapesof tle Wafdrt Wt b meqyuoins elde Aiaanéds amrdenel y and
accurately evaluate configurations (irregularities) of the wafer W The

surf acehe hamaet£rd2d,i 63bAand apgeiC s 16wak UghHea dfhghdapherotw, t he
di spl acenent or thickness neasured as described above. Specifically, the

20 ref eggetivbiyle A5 thef AREAGR Rle@BBring anit B8 dh Rh&NBeORbSlRL ed by
means of the nethod of |east squares using data for all points on a region

wher e @apA&fic@NSHstiotn,t @ Egmm&emeﬂgn%eﬁff&%@%i& 3k gﬁ p%E@- that the

finer becones the space wth which data are t e sanple epl’f ically, a
2ioPe, R3S, . Adteae Shauufe el SEoYIR, FHRASTHE <
" produced by ADE Corp. may be used.
10 The apparatus 30 for evaluating a wafer configuration shdwn in Fig.
7 comprises a wafer holding jig 36 for holding a wafer W, the above
-mentioned thickness measuring unit 34, and a computer 28, and is used for
measuring a- thickness of the wafer W. In the embodiment shown in Fig. 7,
the thickness measuring unit 34 functions as a configuration measuring unit.
15 | Thus, any type of evaluating apparatus may be used without any
specific limitation, provided that it can finely and accurately evaluate
. configurations (irregularities) of the wafer W.
The surface characteristics A, B and C are evaluated on the basis of
the displacement or thickness measured as described above. Specifically, the
20 reference line or reference plane is a line or a plane calculated by means of
the method of least squares using data for all points on a region where a
reference is to be prepared. Therefore, it is preferable that the finer becomes
_the space with which data are to be sampled. Specifically, a proper range for
- the space should be 1 mm or less.

25 The configuration evaluation using the surface characteristics A, B




;26 and C actually calcul ated by the appar atus for eval gat.Lig »goyef er
configuration according to the present invention is des%l% gg% be?Ngw. Fig. 1

is a view showi ng val ues for the §§éf‘a0e characteristics A, B and C of a
given wafer, and a configuration prgfile on a cross section thereof. An
anal ysis 5 program of the surface characteristics calculating neans is
software in which an equation for calculating the surface characteristics
A Band Cis progranmed. _ In the analysis program as for the . surface

characterjstic A . thickness ta . of a mrror polished silicon fer are
oad it ol Gebialba ICRE ehaRt UioomRbAAy DR (NALGIE oh WMEE 11 om t he
central partion thereof toward the edge portion; then_a_reference line (or
a ref ercondiguppiape peearding pbhearesenh dnverdioniclerssdbed diedown K58 big ensi ve
first region by neans of the nethod of |east squares; differences

(act uald yiaveabowaeg valuessfor thefsmrérveecharattiessticsst vBaemnd Reofr @fgavence |ine
(reference values) and a configuration 15 (actually neasured values) in a
second wafprpantioa benfigatatatreprafile oala uteseskctioantharbef. méwi aualysad ue wit hin
the area is analyzed. As for the surface characteristic B, thickness data

of & mprogrampdlths Becfase charvtedbtics adleulatary mietihs ansatWwate Ar whiglace (about
‘1 M) on the silicon wafer fromthe central portion thereof toward the

edge paid igpiatidiedorn Alcdlefipgenke durfigcd @hasadtefistiencs, M aaed Csiprepared
using the thickness data in an extensive first region by neans of the

met hod whol-gastegquares; differences (actually measured values - reference
val-ues) between the reference line (reference values) and a configuration

(o el ) et O VB Whoprh O of MBS ALBCTIANNIRENS
2005 thickness data of a mirror polished silicon wafer are read with an arbitrary
10 sﬁace (about 1 mm) on the silicon wafer from the central portion thereof
toward the edge portion; then a reference line (or a refereﬁce plane) is
prepared using the thickness data in an extensive first region by means of the
method of least squares; differences (actually measured values — reference
values). between the reference line (reference values) and a configuration
15 (actually measured values) in a second region to be evaluated are calculated,
and the maximum value within the area is analyzed.
As for the surface characferi'stic- B, thickness data of a mirror
polished silicon wafer are read with an arbitrary space (about 1 mm) on the
silicon wafer from the central portion thereof toward the edge portion; then a
20 reference line (or a reference plane) is prepared usiﬁg the thickness data in -
an extensive first region by means of the method of least squares; differences
. (actually measured values — reference values) between the reference line
(reference values) and a configuration (actually measured values) in a second

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

25 area is analyzed.




-27 As for the surface characteristic C thickness datgg g&;ﬁbéic”
polished silicon wafer are read with an arbitrary space (about 1 mm on the
-silicon wafer fromthe central portion thereof toward the edge portion; '
then a reference line (or a ref eredice pl ane) is prepared using the

t hi ckness data in 5 an extensive first region by nmeans of the nmethod of

| east squares; a standard deviation of differences (actually neasured -
values - reference values) between the reference line (reference val ues)
and a configuration (actually_ neasured valuyes) in the flrst region to be
eval uat ed i s Andpyzde sprfaceechaspaienistic Corthicknasa: datp #fvarmirror
configuration according to 10 the present i.nventjon as descri bed above

di spl apelashed sidican veafenaad read wjth an arbétrape apacs (abeng Knews) dathe neasur ed
using an electrostatic capacitance type of thickness gauge are read into a
conput silicoamafehérauthacentrehpodoiethatotowirdBhardge partionatload at ed by
analyzing the read data with the conputer. 15 As described above,

accor diefgrdrmet e fores eaferenceeplane) is prepurbdasing ohé ithickaksodaed ia . waf er,
.especially a peripheral portion thereof can be evaluated accurately on the

badsi s & eatapaoe first &gnrtBy ddmyafahdirhéitodnif lea@t%\m&ﬁkéﬁ, o $tamdbhe
conventional techniques such as SFQR In addition, Is possible to

eval Uad &iapios %Tféfﬂ‘e'ré’ﬁcésnf@étﬁ&llbroﬁhe'#‘suﬁmﬁ@s to féfere%ﬁece}alﬁfé@»l onal
eval uation for the wafer configuration, and hence the yield in the

subseqygRted P& %éﬁ%eﬁéécﬁnéslré]@f‘erﬂ:%%élﬁe behna %&axgﬂgg@w@s Sictaaude

| nproved. Moreover, the surface characteristics 'y used as

par amef ek Sut o vm@@gﬁg fhehirdtde mg@gtoq%s&alggwﬂs figred,00- Wien evaiuating

a configuration o | con conbi ning t bove surface

characteri stiGSufy of At i baREIRly §PYEPLbARBLrANRE ScRlxahdy Apoust 2005

10  the 'present invention as described above, displacement data measured using

a laser beam or thickness data measured using an electrostatic capacitance

type of thickness gauge are read into a computer, and the surface

characteristics A, B and C are calculated by analyzing the read data with the
c_om]_puter. |

15 As described above, according to the present invention, a surface

configuration of a wafer, especially a peripheral portion thereof can be

evaluated accurately on the basis of a specific standard from a different

viewpoint from the conventional techniques such as SFQR. In addition, it is

possible to evaluate more effective information as compared to the

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

. the subsequent processes such as the device fabficating ﬁrocess can l_)e.

improved. Moreover, the surface characteristics can be fully used -as

parameters for analysis of various experimental data, too.
When evaluating a conﬁguration of a silicon wafer, by combining the

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




_28 eval uation paraneters such as flatness of SFQR or tdabikeogsnd surface
roughness, a .configuration of a silicon wafer can be eval uated nore
conpl etely. The device fabricating jgethod according to the present
invention is 5 described in detail low with reference to Fig. 8 of the
~acconpanying drawings. Fig. 8 is a flow chart showi ng an exanple of a
process sequence in a device fabricating nmethod according to the present

i nvention. As shown in this figure, roughly speaking, the device
fabricating, method according to the res j nvent i conprises a single
crystaf? G R@rEb‘PSEEé?sSTg'O?S afi%\}lé‘@ég @ﬁmpﬁcﬁhﬁr ﬁﬁﬁ%@@&%"?oz, a
waf er sorting process. 104, and_a deyice fabricating process 106. In the
devi ceTughneEst i heoptisarationof 1 &r SifceR Vet raFobe ﬁf’ég‘}a&?‘idm(’é?rcuit, a
sem conductor_substrate such as a silicon wafer (including an untreated
sem copetapledelysubstrate and a processed or treated substrate in 15 the
course of a sem conductor process) is selectively subjected to various
types of trealhedeveedhbrsatinghethod ancoidipigchotthiei rmesent mvieation iBere, to
selectively protect a silicon wafer or the like as a base layer to be

t r dat edesailahtin ndetiil ehfw aveh- cadbtadeptmtifigerSiofithe nesinspayiagerred to
as a "resist" hereinafter) made of a conposition having sensitivity to

r adi antra®ingyy sFigu8lis asflow chawti sHotingaysexatnphyef a procass edq@oincoinbeam i s
formed on the substrate, and after that patterning is conpl eted by

per f or gidi@i®xfabsieh Cing(inetiddaddaidingtionoharadbyt iRaNsioh0 AXgasentihe 1 esi st
filmnot only to visible |ight but also to radiant rays such as

ul t r avieiseigd:dy Solfhi3spehRild, $he ARYE: thBrichlifgASiAdladcadding thdhel S, @
resist pattern is forned on the sem conductor 25 substrate through a
phot ol p}HRGE IRPYNIRER CBRDrish? L4 38R producing process 100, a wafer
10 manufacturing process 102, a wafer sorting process 104, and a device
fabricating process 106.

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

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

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

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

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

25 - substrate through a photolithography process.




29 The resist pattern formati on net hod nost comonly WQ‘Q‘F&&ZO& perform
exposure using a reduction projection exposure system (a stepper a
g-line (wavel ength = 436 nm of a nercury lanp, an i-line (wavel ength =
365 nn) thereof or a KrF exciner |'ad®f (wavel ength = 248 nn) as a Iight
source. Here, a photomask is attached to the stepper, and then exposure is
perfornmed. The photomask, al so nanmed reticle, conprises a glass substrate
on which a pattern (such as a netallization pattern) to be transferred is
drawn as a mask pattern with a shielding filmmde of such as _chrom um
(Cr). In caselbe wrpssprtéermdenmationameihad ipogtosenregnlyi ysgkis domed
between 10 the photonmask and a circuit pattern already formed on the

seni coneformr expnsvse rusieg aTresluckivln prajeeion dxposvrersystamphotteppsk i s
projected with the light emtted fromthe |ight source (herein the tem

"l i ght Witlnalgilies (wavelenkth =vi36i b of A ght¢rcubylamp san idlineswizolebingthys or the
like), and the projected |light 15 passes through a | ens provided in the
st eppes. 364 him)t fhiesest srua HuTR extibteniskr (Wa?éleﬂgth s 24nsaf)edyd edighitt h a
reduced size onto the resist coated on the sem conduct or substrate. Then

~thes r epdsifce] SHEr) £phebnikdRVAItoghENto the ERples 41885 thén RRpbAIMR. isTypes of
resist are divided into a positive type and a negative type. In the

posi ti F@rfbyxﬂédOfTﬁ@ﬁhﬁioméék 'ﬂé@ﬁhﬁi&ﬂr&%&' Gﬁﬁ%seg glagy subdrglbssol ved in
a developing solution, while the not-irradiated portion is not dissolved,

et
and | n?ﬁoﬁﬁcﬁ\sh dFéﬂ%e{rb‘fsﬂﬁg%'é’ ‘?nét?é@%lz:ﬁ:fémg %%E?e%g)nkgm]é Efﬁ%ﬁ@}r‘ég jgPortion

t hereof is not ssolved 1 n a deve

The ot SRMA'RLa AL 90 t%ﬁ?ﬂ?%"ﬁﬁz% Se1obll B ’?‘%ééa S PhidRho°s° 1%
times. ((L‘_Bvqﬁeé’ase oli‘%xgg acc Cﬁhlgﬂglen% © ue%l y) 18 815f0rmed between

10 the photomask and a circuit pattern already formed on the semiconductor

substrate.

The masgk pattern drawn on the photomask is projected with the
light emitted from the light source (herein the tem “light” includes not only
visible light, but also ultraviolet rays or the like), and the projected light

15 passes through a lens provided in the stepper. With this structure, the mask
pattern is transferred with a reduced size onto the resist coated on the
‘semiconductor substrate. Then the resist is subjected to deveIOpﬁzent to form

| a resist pattern. Types of resist are divided into a positive type and a
negative type. In the positive type of resist, an irradiated portion thereof is

20 dissolved in a developing solution, while the not-irradiated portion is not
dissolved, and in contrast, in the negative type of resist, the irradiated
portion thereof is mnot dissolved in a develoﬁing soli_ﬁ;ion, while the
not-irradiated portion is dissolved.

In the device fabricating process 108, the step of formiﬁg a resist

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




-30 process 106 is not limted to the above-nentioned gxal d;?QOJ.‘he devi ce
fabricating nmethod according to the present invention Tresrdes In that
there is specified a wafer which is used in the device fabricating process
106 using the above-nentioned epr§9r‘e system wherein 5 the surface
characteristic A (rise) is calculated by the above-nentioned evaluating
met hod, and a device is fabricated using a wafer having the cal cul ated

val ue of 150 nmor less. In the device fabricating process using an
exposure system rises in the peripheral portion of a wafer give severe

i nf | ugroesss HlﬁiSinotilstﬂpﬁedff@rfbﬁl9@“@6“@%@‘%‘12@"%“% of the surface
characteristic A (rise) obtained through the above-nentioned eyaluating .
met hod i s snillheedevibs febiighting methal eefording éotihe preseRt e Wevi ce usi ng
an exposure systemwith a wafer having the value of the surface

char acegfdest i1 thaoftHdr® nmmspecifiedsa Wafarhevhichyisusised i whe edevite h t he

val ue of the surface characteristic 15 B (sag) of -300 nmor |ess,

pr ef er@Bkitatin@Prodld 108 &6inp 200 above Amsretiomsddé by sfstem, ¥8@Feim t o - 600
nm yield in device fabrication can be inproved. A though it is nost

| mgor tagpt ﬁﬁ%c@ NBFBEtRERE AN (FBe) P @altdatally Piyethd hdtovehaertiosedo rise on

the peripheral portion thereof, over-sagging is not preferable, and slight
saggl n&(ﬁlﬁaﬂﬁﬁf SLAE- addes Rivide f fhihecatedensidly a2fafdrofmvid@Otien to - 900
nm based on tHRe above index is very preferable for device fabrication.

There &aﬁcmﬁgcpggi,%i&ﬁ%ﬂ@gs_for the wafer manufacturing nethod, but

attention shoul e pal a configuration of a peripheral portion of a

At 01100 AP o AR AT k00 el mBBveCL 0

the peripheral portion of a wafer give severe influences, and it is pi‘eférable

10 that the value of the sﬁrface characteristic A (rise) obtained through the

o above-mentioned evaluating methéd is smaller. Especially, it is effective to

fabric&te a device using an exposure system with a wafer having the value of

~ the surface characteristic A of 150 nm or less. |

Further, by using a \-Nafer with the value of the surface characteristic

15 B (sag) of —300 nm or less, preferably from —300 nm to —900 nm, more

preferably from —500 nm to —600 nm, yield in device fabrication can be

improved. Although it is most important for a wafer used in an-exposure

system that there is no rise on the peripheral portion thereof, over-sagging is

not ﬁreferable, and slight sagging is preferable. The wafer of the order of

20 from —300 nm to —900 nm based on the above index is very preferable for

device fabrication.

| There is no specific limitation for the wafer manufacturing method,

but attention should be paid to a configuration of a peripheral portion of a
wafer duﬁng manufacturing.

25 An example of silicon wafer manufacturing method is described




-31 below. At first, asingle crystal ingot is produce { nst ance,
the Czochral ski nethod (single crystal producing procggsgd‘%%?pos'rhi s single
crystal ingot is sliced, and at |east one main surface thereof is processed
into a mrror-like surface. To desidri be a waf er manufacturing process 102
nore detailedly, 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 di sk-shaped wafer; a chanfering
" step of chanfering a peripheral edge portion of the wafer obtained through
the shdlewng At €irst,0a pinglentrystak kngot androdigedi by, dér tihetamgeethea | appi ng
step or a 10 surface grinding step of flattening this wafer; an etching

step ofizé@RvdIATImetBed i (Binde defetatepiaiuciyrairotery 100k heThis chegléer ed and
| apped wafer; a polishing step of nmaking a mrror surface of the wafer;

and a ghegiingoslLefidll, afll eankag ddemboh kaPfade théwbf idpraesye] mtpol i shing
agent of dust particles deposited thereon. The main steps of the wafer

manuf agth i 001iRE Qe BRe 108 dBs@ilfe QR Afek inSh REfRBONBg ABESROTEE kivRE Ot her

steps such as a heat treatnent step may be added, the step sequence may be

f Eg’)ngegetaﬂed%echﬁa@%f‘e%%?%Mturmg Sﬁﬁ@@&tﬁﬂz Eéhaﬁri@bé’,@%h&i}ﬁgoéteﬁtagges. In

above sequence er processing steps, any processing Tnethod may be

|ied.t.o t ' ' . ' ] | b id
S0P SRS MAEUSGLASRERY b8 BhoRBer MinBLZRlL o ohoUL, 028 Do pal ¢
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10  surface grinding step of flattening this wafer; an etching step of removing

machining deformation remaining in the so chamfered and lapped wafer; a
polishing step of making a mirror surface of the wafer; and a cleaning step of

~ cleaning the polished wafer to remove a polishing agent or dust particles

deposited the'relon. The main steps of the wafer manufacturing process 102

15  are only listed above, and sometimes other steps such as a heat treatment

step may be added, the step sequence may be changed, or the same step may-

be repeated in a plurality of stages. |

In the above sequence of wafer processing steps, any processing

method may be applied to the various respective steps, but attention should

20  be paid to a configuration of a finally obtained wafer. Especially, care should ‘

be taken to polishing conditions in the polishing step to obtain an ideal wafer.

Although various processing methods may be épp]icable in the polishing step

too, by polishing a wafer under control over a polishing pressure loaded to a

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

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




_the above-nentioned one, and any wafer manufacturing proc

32 the present invention the wafer manufacturing proce§§ﬁﬁguﬁgbo§in1ted to
Ss may be usabl e
so. long as the paraneters A and B fall within the scope of the present
invention. Wth the above-nentioneddrocess, it is possible to manufacture
"5 with a high 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 nm and
B -300 nmto -900 nm Note that the above-nentioned surface characteristic
val ues are based on eval uation of data obtained when setting a boundary (an
ar bi t r 8he ppessntiipHexyionpdhacenfer H@alﬁﬂf@tui‘légiwﬁc%ﬁds%”édﬁﬂltﬁajpd?heat a
position 10 30 mm away fromthe peripheral edge of the wafer, and nmeasuring
a conbbgwratendiorsfd divg andfary watdrudangfaehuzingprogesh magebevagallesd 1 nm from
the peripheral edge of the wafer (excluding the chanfered portion '
t her eolgng dotleyvpararmeters Anahd & fallywithds shdkepewm{dht praseat wadarticat i sfyi ng
the above required value range, and hence there is perfornmed the 15
above- ment i ongttle hlkuabd@indeditiodedapRicesselt isnpbdithldets eearhefacigat i ng
process 106 according to the present invention, the wafer being further
sor g ed with GNEghVWicdabsldtyt 4 ReafBr QGES Few Qs lifl tRleRRTiphdBpoRSors AN in Fig.
8, in the device fabricating nethod according to the present invention,

after QU ELiHORa R metesh A0hAd B ¢Sl ordéP oPACHYSH Ath BS 09@ 5 ARA B o7
produci ng an ingot and a wafer nanufacturing process 102 for preparing a

Ty O BAbIR S0 MRIPhR! RiobS HAAY (RSlahd Ve Rioed S ARERERIRLOT | S

performed accordi ng the paraneters A en a device is

bt oqt e IBHS S5ILABEAGE A9 BEARES Syhchle fouy BB e 1o et hod

accordi resent rnvention, tl ranmeter vaFues y change
depend) iRy i 8o X Petieb the B3 HABn 3G cOnd 7500 A% poifiggust 2005

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 1mm ﬁom the
peripheral edge of the wafer {(excluding the chamfered portion thereof).
However, it is not always possible to obtain a wafer satisfying the
above i'equired 7 value range, and hence there is pérformed the
15 .above,-mentioned evaluation for a wafer used in the device fabricating process
106 according to the preseﬁt invention, the wafer being further sorted in tine
wafer sorting process 104. |
In other words, as shown in Fig. 8, in the device fabricating method
according to tﬁe present invention, after completion of a single crystal
20 producing process 100 for producing an ingot and a wafer manufacturing
process 102 for preparing a mirror-polished wafer are performed, the wafer
sorting process 104 is perforrﬁed according to the parameters A,Band C, and -.
then a device is fabricated in the device fabricating process 106. In the
evaluating method according to the present invention, the parameter values

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




_33 region for a wafer configuration are set. Wien sor {4 Rg\@bgss to be -
used in the device fabricating process using an exposure sgﬁ@em stabl e
evaluation has been perforned by setting an arbitrary position X of the
inventive evaluating nethod at a-pbsition 30 mmaway fromthe peripheral
~edge of the 5 wafer, and neasuring a configuration of the wafer excluding
an area with the vm'dth of 1 mmfromthe peripheral edge of the wafer
(excluding -the chanfered portion thereof). Wafers currently nmanufactured
have a high.  flatness |evel, and even if the arbitrary position Xis

sl i ghttegiok épt aceafet configutation afesebd esr so3ME wadensaticabetieed val ues
change little. However, when 10 the arbitrary position Xis set at a

posi tiiie dbvidt fiBrmatmgmrot:esmusﬂmg apexpphercasyssempe stdblehevalafidon t he
paranmeter values may largely change, so that it is preferable to set the
ar bi t resy heesi pedorsiedt bp fasing an arvierary opesitiont Keoft ¢he envehtivhe waf er
froma position about 20 mm away fromthe peripheral edge of the wafer.

These ¢RdubtieFEREEhT £ APB5itiADE@ niM Bvipfiem ey pedpheddl dighffriint di amet er
fromthe above-nentioned vvaf er. Even in case of a wafer having a different

di getghfdy AN AR Ea TBAELARAGoNBE e whierlekcRIBhES A RalWitEehe t hE
arbitrary position X at a p05| t| on about 30 mm away fromthe peripheral

dovar B ﬁﬁ?ﬁiﬁﬁ%%ﬁoy&% pepbRE P RRe F@‘%{fﬁéﬁéﬂé‘yn@hﬂ%}cﬂéﬁf Shoul d be
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the preferred position, the parameter values change little. However, when
10 ther arbitrary position X is set at a position about 10 mm away from the
peripheral edge of the -wafer, the parameter values niay largely change, so
that it is preferable to set the arbitrary position X at a position il_mer toward
the center of the wafer from a position about 20 mm away from the peripheral
edge of the wafer. These requirements are applicable to a Wafer having a
15 different diameter from the above-mentioned Y.ov*afer. Even in case of a wafer
having a different diameter from the above-mentioned wafer, it is preferable
to set the arbitrary position X at a position about 30 mm away from the
peripheral edge of the wafer.
Examples
20 The present invention will be further described more detailedly by
way of the following examples which should be construed illustrative rather
than restrictive.
(Inventive Example 1)
8-inch mirror-polished wafers (200 mm in diaméter and 0.5 mm in

25 widthofa peripheral edge portion being a chamfered portion) manufactured




34 through various manufacturing processes (6 kinds) MFggu%%QIU ed by the
eval uating nethod according to the present inhvention. [n e g | nds of
waf er manuf acturing processes (processes Sl to S6), different conditions
were established in the etching stept surface grinding step and others. As
for the yield in a device fabricating process, the above nmanufacturing '
processes are arranged in the order of S6 > S6 > S1 > S4 > S2 > S3, and
the process S5 was best, while a wafer nmanufactured in the process S3 was
worst. The eval uating nmethod according to the present inventjon was used

10 to Hweught eamipras mw%fa@tuﬁnﬁmr@ﬁe&?@ﬁf(ﬁgléﬂﬁﬁlﬁfé‘fﬁrlese‘&léﬁ@rdabl’éhﬁor

I nproving the yield in the device fabricating process. The anal ysis was

per f or eeadluahingughthadhacovedingtd e preatukinvegtwmwaf er confi gurati on by
preparing a reference Iine. There were analyzed 400 configuration profiles
wi thin the wihghe SUtihde of wafeeanihdactuyfigprdchssesdpesceshécihosS6has
neasured at positions 15 wth a space of 0.95 mmon the whol e surface of

t he WafifferbRX ¢hH@itithd HRre Grabliad Bothé @iclohgagten earfuick hprindingm in width
~of the peripheral portion); the neasured wafer thickness data were

suogessigyehd SERERA: ASFHF tHEAEIAOR a Me9idel Rbrivhtidpepibes, the diove the
central portion to the edge portion (98.5 mm away fromthe central

- POrti Of), A SR *')fbcgb@es A8 ke thoBrddicorRnsash 2E Malsy> Bhi ckness
~data; a reference Iine was cal culated using the values from the central .
portiog ¢4 ' i f YBHE% i O A tPleldrBEdks POSI tion
X (70 %é’%yh{@g%néﬁﬁ%ﬁ%?&seﬁa%@ squgﬁe@%ﬁmﬁﬁ%ﬁﬁ% dllq%‘aflerer?c% bgt ween t he
thi‘cknsgs at the;G arbitrary position and the value of the reference line (a
virtuaP thitRRESs) at the same position was anal yzed; and the anal yzed 25
difference v ool SH A uitnbd SoaatilhPhs BRAFARLEL S on WAaUYT Vor oo,

10  to evaluate what type of a wafer configuration is prelferable 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, fhe wafer thickness was measured at positions

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

chamfered portion of an area with 0.5 ;ﬁm in width of the peripheral portion);

the measured wafer thickness data were successively stored; configuration

profiles of the wafer of from the central portion to the edge portion (98.5 mm

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

-_20- wafer thickness data; a reference line was calculated using the values from

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

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

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

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

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




-35 surface characteristics A and B are the maxi num Va'lé'ﬁug&‘?z%ﬁi mum val ue
in the second region to be evaluated of 70 mmto 98.5 nm Tespectively. The
surface characteristic Cindicates dispersion of the values in the :
‘extensive first region of from t iedxentr al portion to 70 mm 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 froma
central portion of the wafer to an edge portion thereof, at first surface
characterjstics were calcul ated and then average val ues of surface . :
char actwifpen charachemsines Aapd Bare dhemagenpmneslvgand mapdpwnngdue10 Tabl e
Sur faceSurfaceSurfaceSurfaceYield - : )
Manu- Gvetteecsepondiregion tr behwluated o6 mamy & 9IRBnrm gespratvielng Thst i c:
Aistic: Bistic: A-Bistic: C (in order of Process(undulation) (rise)
(pm ( sapfacpohipiaipiptg dO oodiestss EE0eB08Q-od. the 7rdlub4 66 Che0sBd8nsive
S2-0.0215-0.81080. 78930. 01185 S30. 3791- 0. 24520. 62440. 02056
S40. 15fiestQregidiil 6f 6P thda:kit4alSaitibB60-70 thh9470. 73140. 01981
S60. 0650- 0. 82870. 89370. 01582 According to Table 1, the wafer manufactured

in5S3 with tResmitstf theyéwlldaiion 3w8lshodadiroPable Nasddei Fig. 9oMyents (the
surface characteristic Bin the evaluating nethod according to the. present

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

According to Table 1, the wafer manufactured in S3 with the worst
yield is small énd good in sagging components (the surface char.acteristic Bin
the evaluating method according to the present invention), but as shown in

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

invention evaluates qualities of a wafer more accurately.




15 Table | and Fig. 9, remarkably worse in rising COWD?@%I&Igﬁst(zbtj? surface
characteristic Ain the evaluating nethod according to the present.
-invention) as conpared to wafers nmanufactured in other nmanufacturing
methods. Thus, it is understood thaf the evaluating method according to
the present invention evaluates qualities of a wafer nore accurately. 19
August 2005 - 36 It is found that this device fabricating process is’
affected easily by rises nore than by sags of a wafer configuration, and

the fabricatign. yield can he jnproyed, by using a wafer having no rise.
Al'so in this ‘Eh%ﬁﬂq%ﬁﬁ&aﬂﬁﬁ evige fag)r PIP5ess eakipated eﬁﬁﬁyrhythe
values for sag and rise simlar to the 5 level of the manufacturing .

pr oces 3165 matkhambT aageofia wefqrreondigashion mdtheefabrisatighriielstdang process
IS a process using an exposure- system and from Table 1 a preferable wafer
for thdedoviroved dyrusngiagaferdeessg nosiseyy Alse imthshnvensipetlexahak: no ri sing
conponent and the paraneter A of 0.150 pm (150 nn) or |ess. Wen the

par anetieis Bnowrethet! tHeowafer| lesdng the iludOfdrhe gvadd rideasndl ool tlgur at i on

wi th big saggi ng conponents rather than rising conponents, so that the

preber dbved afdhameieufabtusng hroceemSehawh 00 TEBM: DR prefbeallar ameter B does
not exert a greater effect on the yield with an exposure system as '

conpared to tMhipaiai®l gibAcatitly $dckoPIOVE fidess @bthg idn iekpopusf erable
that the paranmeter Ais 0.150 pm (150 nn) or less and the 15 paraneter B is

- pref er aktorh Tdd Brott 86101 afprfraBil0r MBS (HRORREB fP3REEHRY ﬂﬁbc?és'r om - 500

nmto -b600 nm The paraneter C should be preferably 20 urn-or ess. This

S TR T T A
by est 30| 46 id @ 50" EndRi 1B A9 ariiTe BPA 15 Stftad E5 A dbA0 A bhe
10  the wafer has a configuration with big sagging components rather than rising |
| components, so that the preferable pérameter Ais of from —20 nm to 150 nm.
The parameter B does not exert a greater effect on the yield with an exposure
system as compared to the parameter A, but to improve the yield, it is
preferable that the parameter A is 0.150 pm (150 nm) or less and the
15 parameter B is preferably in the order of from —300 nm to —900 nm, especially
- from -500 nm to —600 nm. The parameter C éhould be preferably 20 nm or
less. This tendency was observed likewise in various types of expostire
systems.
In -each device fabricating process (and furthér in each processing
20  umit), by establishing the optimum ranges of sag and rise according to the
inventive evaiuating method, a wafer suitable for each device fabricating
process cain be manufactured.
It is to be noted that the evaluating method according to the present

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

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




I nventive evaluating nethod, a wafer sui tabl e for each,glgy gl?se 2hgdr i cating
process can be manufactured. It is to be noted that the evadluating nethod
according to the present inventionis not limted to Inventive Exanple 1
descri bed above. For 25 instance,” #hen preparing a reference line or a
reference plane, data for a 19 August 2005 -37 configuration of a wafer of
fromthe central portion to an arbitrary position X are used for
calculation, but the arbitrary position X is not always required to be set
fromthe central portion. Although it is nore accurate to use data

‘obt ai ne@lrﬂégu@étqntﬁgamera@fbﬁvmaﬂ;e geoérali pprtiondo arharlisrary gospomt Kon, si nce

a 5 central portion of a wafer is usually polished to an extrenely h| gh

f 1 at negse ubex fir caltdatiohebentie: pdsinary posinenX is abt hlvoagsaregainet to
off-centered to sone extent. For instance, with an 8-inch wafer or the

| i ke, bbeset fhan fleccemtirhhipoedon. sAithbagh iessinbosacriines esl uise ddig case
where a reference line or a 10 reference plane is prepared fromthe central

" por ti opbteainad by Sttind thepashitiay, posttien MRBNHY &dHtRSEPBALoDsihdd gkness s
nmeasured on an area of fromthe <central portion to a position of 23 mMmto

98.% nenfrAPppaséd bR ﬁﬁfe%%snﬁéﬁdlgn})oﬁé]ﬁa&ﬁﬁhﬁaéxﬁ&hﬂjp rghsﬂﬁ‘c:ﬁesgs a

starting point, and a reference |ine or reference e IS prepared on

- the bapy] oih@r@efaéﬂ&%aéﬁm RY; fhé %e%%oemo% a& c%h@élfeu% Q&m@t to a

position (an arbitrary position the peripheral
edge ofy{ 3 wafer). In the above Inventlve Exanpl e 1 there were mai nl y
observ }él i fferences between data of the surface characteri stic A, but as

shown 0 o To0kS: BBl SR SRS R Y e TSR 110
char a%ﬂ’mﬁed $%imilar result as compared to the case where a reference line or a
10 reference plane is prepared from the central portien to an arbitrary position,
even when displacement or thickness is mea'sured on an area of from the
central portion to a position of 23 mm to 98.5 mm, the position of 23 mm from
the central portion is set as a starting point, and a reference line or a
reference plane is prepared on 1;he basis of a cenﬁguration profile of from the
15  starting point to a position (an arbitrary position) 70 mm (30 mm away from

the peripheral edge of the wafer).

In the above Inventive Example 1, there were mainly observed
differences hetween data of the surface characteristic A, but as shown in
Table 1 a wafer configuration can be evaluated by determining the surface
20 characteristics B and C and a difference between the surface characteristics
A, B, ete.; further a wafer configuration can be evaluated more accurately by
combining ﬁttingly the above evaluated indexes. It is most important for the
inventive evaluatmg method to evaluate a mirror- pohshed wafer, but the
evaluatmg method can be applied not only to the mirror- pohshed wafer, but

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




A B, etc.; further a wafer configuration can be evalu F ccurately
by conmbining fittingly the above eval uated i ndexes. I?é?\glg%gtgo?nportant
for the inventive evaluating nethod to evaluate a mrror-polished wafer,
“but the evaluating nethod can be apptied not only to the mrror-polished
wafer, but 25 also to wafers after having been subjected to | apping,

et ching, surface 19 August 2005 -38 grinding or other steps. (lnventive
Exanpl e 2) Then, to ascertain the information obtained fromTable 1, wafers
wer e manufactured by controlling the paranmeters A, B and C, and the wafers
5 \Nereglﬁ@ﬂ%r&:iobg)thﬂ&tfeﬂ%ﬂentive eval uati ng nethod to manufacture wafers
meeting the prescribed requirenents. The eval uating nmethod was the sanme as
that eljvepdtve Bxampdef) ve Exanple 1. That is, by polishing wafers
controlling the peripheral portions thereof, wafers. having the paraneter
A of -20 nm tBhdfOtanasaartiainhthe itfopavadioet ebtaned fr@ATablet h wafsnm wer e
manuf actured, and devices were fabricated using the wafers. There are

var i ousegeiraranfhahireddly cogptivlling she parastersnd tBiande® aml the wafgracess usi ng
an exposure system especially a stepper was perfornmed.- In this exanple,

they e wets dostsl Wt €hs inwaheive o @lRaiihl) ltalibddo Afmrduigctmae awafas A of 80
nmto 150 nmand the paraneter B of -400 nmto -700 nm and wafers (wafer

group MB2}inBaHeNgrdsBabEd rafEiEheNt®f ThebvalidienSGethol sk tHiesdacanet er B

of -300 nmto -800 nm provided that the above paraneter val ues were

gval u%@gbﬂc@ﬁg%ﬁg TOrRa LR FLahbor met hod  described above.. The wafers
el onging to both the wafer groups have the 20 paraneter A of 150 urn or
_ ! ess..- ALl of e ‘QQ,f B&Spbﬁﬁﬂnjgnwramr% Sa&ﬁ%l'lﬁg'“%ﬂ@ ‘peripheral portions
thereof, wafers having the parameter A of —20 nm to 150 nm and the
10 parameter B of —;300 nm to ~900 nm were manufactured, and devices were
fabricated using the wafers. There are various device fabricating prdcesses,.
but in this example, a process using an exposure system, especially a stepper
“was performed.
In this example, fhere were used wafers (wafer group WS1) having
15 ‘the parameter A of 80 nm to 150 nm and the parameter B of —400 nm to -700
nm, and wafers (wafer group WS2) having the parameter A of =20 nm to 80.
nm and the parameter B of —-300 nm to ~800 nni, provided that the above
parameter values were evaluated according to the evaluating method
described above. The wafers belonging to both the wafer groups have the
- 20 parameter A of 150 nm or less. All of the wafers used in this example have
the parameter C of 20 nm or less.
The device fabricating process using a stepper, especially a resist
pattern formation process is described below. In this example; a
cdmmercia}ly avaﬂable; positive type of resist is coé.ted with the thickness of

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




the paraneter C of 20 nmor |ess. The device fabricatiQQABQ%&9§§5using a
stepper, especially a resist pattern formation process 1s-described bel ow.
In this exanple, a comrercially avail able positive type of resist is
coated with the thickness of. 25 a3t 500 nmon the wafers sorted
according to the inventive evaluating 19 August 2005 -39 nethod, and then
pre-baking is perfornmed for 90 seconds at the tenperature of 100C. Wth
this operation, the positive type of liquid resist is solidified. Then, a
reticle (photomask) with a pattern having various pitches (for instance, a
met al | ineghodraphthear pre-beking tshpardomed fored0 sevoadstedphetempguapred With a
KrF excinmer |aser (wavelength = 248 nm as a |light source for performng
eXPOoSs UpL100™C. aWitls bhis, opletetipal tley podtiawmypd of Hguidcidsidtasisslidifieansf erred
onto the positive type of resist. Next, PEB (Post Exposure Baking) was

perforned foryRh se¢efide GhotbRaskPdRe at paedt hbiiiyg varfidusfpittheshat
devel opnent was perforned for 60 10 seconds using a 2.38 weight % aqueous

sol ut i 6By Qhstslch 2 aMRidB1LiATEN pHiBer Y 4% ndendrIMA ib) setAon & kBpfdr a resist

pattern corresponding to the pattern drawn on the reticle was obtained.

Thus: BeiRyelSrithS KARLGANEH IHShG:dVafon §1°R0AK nulli G BEM, Loyddge dovi oo

-fabric process 'using a stepper was eval ua I ng shifts

of thegres] ‘ Or Aex ) +rd el -ad dy counting
Vet or o b Tl SiledoBB” ASPIRUNIE) enc BRCKLR GratP (SONRY KB BY ST
- eval uated. ,As result, the yield.of .wafers of W1 was 99% 'In contrast,
the yf%fweaﬁPEQﬂieoPoﬁeme%%mg‘i ghtly lower than Wsl. The yield in
el ther 20 a8, Y95 Wott Rpber Wil wak peifortoll B dPB0nfls 21|

- 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). Asa result, a resist pattern corresponding to the pattern

| drawn. on the reticle was obtained. Thus, a device was fabricated using the
stepper.
The yield in the device fabricating process using a stepper was
15 evaluated by checking shifts of the resist pattern (poor exposure). The yield
was calculated by counting wafers with pattern shifts as inferior chips. 100
sheets of wafers were evaluated. |
As a result, the yield of wafers of WS1 was 99%. In contrast, the
yield of wafers of WS2 was 95%, slightly lower than WS1. The yield in either
20 case was far higher than that in the conventional practice. '
-(Comparative Example 1)
With wafers (wafer group WS3) having the parameter A of 150 nm to
400 nm, the parameter B of —200 nm to —800 nm and the parameter C of 20
nm or less, devices were fabricated likev}ise in Inventive Example 2 to

25 determiné the yield.



© A of 150 nmto 400 nm the paraneter B of -200 nmto -80

-(Conparative Exanple 1) Wth wafers (wafer group'V\SS)lé'ngngwse par anet er
nm and .the
paranmeter C of '"20 nmor |ess, devices wore fabricated likewise in -
I nventive. Exanple 2 to 25 determi#b the yield. 19 August 2005 -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 device fabricating process with the wafers having | arge_values 5
for the par anéﬁélrrens@ ,i@e@eﬁméa‘l%wm@yﬂgﬂé’ Wayse ahERRAreddse are
fabricated with wafers_which are manufactured by the conventional process
and ar waffets eoMHdand 68 nsperiale mpay amdternsshiftsnger obsrrvepddnd | s
around 70% It has been known formthe above that the yield is |argely
i npr ovile pyripheral patiens offsbe iwaferseThisorestinadichtee dhat Breatis badcor di ng
the present invention. As described above, in the device fabricating
pr ocesthaigichd imtlsd épres fabridutig pratesswith hetvesfelby havies larga vahfesr
configuration nore than by sag therein, and therefore it is understood

thag bforudicithraaictes A@ying compdneats)t he yield can be inproved. 15 The
paraneter C of undul ati on conponents on a wafer surface is strongly

rel ated to napetROGFD Whe HEWRRNat aliGEABB RitHCowWaFe k) whitRIarel €SS, the
surface state of the wafer is excellent. Capability of Exploitation in

b g KheaRACn b kil ol Avetki oo e o b

prescr bgﬁf'meters 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 invenﬁon.
As déscribed above, in the device fabricating process using a stei)per,
the yield is affected by rise in a wafer configuration more than by sag therein,
‘and therefore it is understood that by using wafers having no rise, the yield

can be improved. |
15 The parametér C of undulation components on a wafer surface is

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

less, the surface state of the wafer is excellent.

Capability of Exploitation in Industry:

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

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




space using the displacenent or thickness measuring rregglﬁug@%zg@g ermne a
~wafer configuration nore accurately than the conventiona ndexes for
indicating flatness such as SFQR Especially, there can be quantitatively
25 eval uated a configuration of a pétipheral portion of the wafer including
the 19 August 2005 -41 so-called rise or sag, so that the wafer
configuration can be accurately evaluated according to a given criteri-on.
Wth the evaluating nethod according to the present invention, there can
be quantitatively evaluated wafer quality, especially quality of a 5

peri pheo-ghllpdrtisowrosag eaftdatwie wafan coofigheateonl caat d¢ acaumbelyl y so far,
and hence a wafer configuration nost suitable to |ithography or CMP can be
det er mevalshat&BY atakiling tda amvargeritdridihe surface characteristics obtained
through the evaluating nmethod according to the present invention,

eval uati on ofWith tHevefhduation’ ngithad | eottingbe pkeé firesedt iventdmguratel y as
conpared to the conventional practice, and the yield in the subsequent

proceslgsreCéih be quiaiitaviedly Bvakided Ryafaf qualitat édp@cidiBs guildydof ht becomes |
possible to easily grasp a capability or the like of the fabricating

Pr epesgeriphbidl HEkRS b o WARSIWhRh ArSHAPLY e%h?e[t@d%c@ﬁfé‘te%l@oﬁéﬂem ally,
it has been confirmed that, when the paraneters A, B and of a wafer fall

W thi Ny iR cE ARG R oW ABOR HhEst duiEanib € iﬂth(ﬁ?ﬁ@%ﬁg\/&e@ivﬁeciﬁ%i cating

process using an exposure system can be greatly ed. Therefore, the
yield h@tetfgﬁngg\/i ce fabricating process can be inproved by using wafers
whi ch are manufactured and further sorted so as to make the 20 paraneters

A B and C w bt e, ARG S LRBARL ST LETER SicstShANR B0

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

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

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

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




-42 CLAIM5 1. A nethod for evaluating a wafer conflgurggAggwﬁ9@@§|S|ng t he
steps of 5 nmeasuring 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 calcul4ting a reference line or a reference
pl ane fromthe neasured 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 reg&ghﬁﬂﬂ the reference line or reference _
pl ane within the second region; and 15 calculating the analyzed difference.
as surface characteristics. .2. The nethod for evaluating a wafer
configuration according to claim 1, wherein the second region is provided
in a range of Afmethal foruncduyting at waferfoonfigursigonrotmprasing dhye sperst | on of
the wafer, differences between configurations at a plurality of arbitrary
positigfts within the second region 20 and the reference line or reference
plane at the.positions are analyzed, and the nmaxi num val ue anong the

valgies of themanghyineth dbhfieiRRessof 8 wafel avpabRibswithen puédcatird
characteristic A (rise). 3. The nethod for evaluating a wafer configuration

accordlsggcéﬁlmlﬁlar@ugacéf\@pﬂpéﬂafé}g second region is provided in a range of
froma boundary of the 25 first region to an edge portion of the wafer,

differences belwesmhs19 MHIUSEiAPWthifidhe 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;
10 providing a second region to be evaluated outside the first region;
| éxtrapolating the reference line or reference plane to the second
region; |
analyzing a difference between the configuration of the second
region and the reference line or reference plane within the second region; and
15 calculating the analyzed difference as surface characteristics.
2. The method for evaluating a wafer configuration according to claim
1, wherein the second region is provided in a range of from a boundary'of the
first region to an edge portion of the wafer, differences between
configurations at a plurality of arbitrary positions within the second region
20 and the reference line or reference plane at the positions are analyzed, and
the maximum value among the values of the analyzed differences is
calculated as the surface characteristic A {rise). |
3. : The method for evaluating a wafer configuration according to claim
1, wherein the second region is provided in a range of from a boundary éf the

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




configurations at a plurality of arbitrary positions éﬁ'u ?8 p$econd
region and the reference line or reference plane at t I Ons are

anal yzed, and the m ni num val ue anong the val ues of the anal yzed
differences is calculated as the-stifface characteristic B (sag). 5 4. The .
met.hod for evaluating a wafer configuration according to any one of clains
1 to 3, wherein the wafer configuration nmeasured at a plurality of
positions with a prescribed space within the wafer surface is displ acenent
in the direction vertical to the wafer surface or a wafer thickness. 5. The
met hoccondiguerationatdtng phunaditgrof cobitirgny aosdioecw tthih the tsocard/ regdidnone of
clains 1 to 4, wherein the reference line of fromthe vicinity of the

cent r adnd ohé ireferehcd haevaf eifetemca glatadartheofositiend aretnaBgednahd
calculated wthin the first region by reading a configuration profile of

from tfie GeMitélm Raldd Mimehgt fle Waflaest 6f tthe adeRzear Hiftrehbes eef . 6. The
nmet hod for evaluating a vvafer configuration according to claim 15 5,

Where'c!hl&uﬁl%té&'%%ﬁ@sﬁ?f’a%@%hﬁﬁé&&h@ﬁc% &zpal yzed with a val ue obtained by
aver agi ng conflguratlon profiles of fromthe central portion of the wafer

togthe edge bl ol B SOhIIAE Rt Rk theOf RS L1 ons on

t he waf'er surtace. met O evaluating a I gur at I on

accorddxﬂagf aﬁhi-‘."l“@o QufRere ‘Eﬁ@'v&f %&(ﬁﬁo CHAR G rétségf\ﬁi anal yzed

' fromrespe rve con% guration pro are rea lity of
Fher oot Posfiond, YL ?&585@“{*%’2%%" @ ﬁeﬂ Phe éfr‘%fsafilﬁwcgﬂle e anal yzed
sur e SICHAELeL Shihy SRl o ﬁ%@ﬁhm?k%g%ﬁ?&?&ﬁi“& gurat or
the f |g.st reghi)en lelesi:h(]ig fg\g %lxjrziua%(l)r(l)gS a évgfer configuration according to any
10 one of claims 1 to 4, wherein the reference line of from the vicinity of the
centrai portion of the wafer to a boundary of the first region is calculated
within the first region by reading a configuration profile of from the central
portion of the wafer to the edge portion thereof.
6. The method for evaluating a wafer configuration according to claim
15 5, wherein the surface characteristics are analyzed with a value obtained by
averaging configuration profiles of from the central portion of the wafer to the
edge portion thereof which are read at a plurality of positions Aon the wafer
‘surface.
7. The method fer evaluating a wafer configuration according to claim
.20 5, wherein the surface characteristics are analyzed from respective
-configuration profiles which are read at a plurality of positions of from the
central pei'tion of the wafer to the edge portion thereof, and an-average value
is obtained from a plurality of the analyzed surface characteristics.
8. . The method for evaluating a wafer configuration accofding to any

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




calculated fromdata which are read within the wafer smg@gggstqbogromthe
central portion of the wafer to the edge portion thereof. 9. ' A nethod for
eval uating a wafer configuration conprising the steps of. 5 neasuring a
configuration of a wafer at positi'o‘ﬁ "wWith a-prescribed space within a
surface of the wafer; providing a first region on the wafer surface for
‘calculating a reference line or a reference plane fromthe nmeasured wafer
configuration; <calculating a reference Iine or a reference plane in the

first region;, .10 obtaj ni i fferences hetween the reference line or the
refereﬁ%&“??:ﬁegngoﬁh a%?cf"ﬂﬁf’ﬂf"ﬁ‘e%??@r?&lthéﬁl watemswriaee of fram thegi on: and
cal cul ating a standard deviation a of the obtained differences as the

sur f ac 6eR¥at Rertaon of the wafarfeuibstgdas)portion theseofet hod for eval uating a
waf er configuration according to claim 15 9, wherein the wafer

confi g at i onArpathodeler #valugiing al waler sbnfigurratiomsomprising the etapsi bed space
within the wafer surface is displacenent in the direction vertical to the
waf er eofirface or a thickness of the wafer. 11. The nethod for' evaluating
a wafer configuration according to claim 9 or 10, wherein the reference
i e of from mleaswtiapn tonfifurtatiwrceni malfepat positions witht derawiryedt o
aboundary of the first region is calculated within the first region by

r eadi ngpacsaifhig & alrfad ¢fibkiwafegf fromthe central portion of the wafer to
t he edge portion thereof. 12. The nethod for evaluating a wafer

confi gurati onpassding ASfiket Ghdio® ohlthdesfirNsiMEes Ubt aGlc@RimCcher i stics
are analyzed with a value obtained by 25 averaging configuration profiles

of 1 oRfeiEnce Bl bRk BRIrkhOpRInd Aok QuidiPwhforliSiRhur200R; - 45

calculating a reference line or a reference plane in tile first region;

10 obtaining 'différences between the reference line or the reference

plane and actually measured valués within the first region; and

- calculating a standard deviation ¢ of the obtained differences as the

surface characteristic C (undulation).

10. The method for ev_aluating a wafer configuration according to claim
15 9, wherein the wafer configuration measured at a plurality of positions with a

prescribed space within the wafer surface is displacement in the direction

vertical to the wafer surface or a thickness of the wafer.

11. The method for evaluating a wafer configuration according to claim

9 oi‘ 10, wherein the reference line of from the vi(':in.ity of the central portion of
20 the wafertoa boundarj; of the first region is calculated within the first region

by reading a configuration profile of from the central portion of the wafer to

the edge portion thereof.

12. The method for evaluating a wafer configuration according to claim

11, wherein the surface characteristics are analyzed with ‘a value obtained by

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




edge portion thereof which are read at a plurality of [ ithin the
waf er surface. 13. The nethod for evaluating a wafer cggahgts(r?gté?%mn '
~according to claim 11, wherein the surface characteristics are anal yzed
fromrespective configuration profiles which are read at a plurality of
positions of fromthe central pO‘rﬁon of the wafer to the edge portion

t hereof, and an average value is obtained froma plurality of the analyzed
surface characteristics. 14. The method for evaluating a wafer

confi gep@tHREcACERIESMNEHiGh Hrai iPad%Ph ARiraieLeighsitiénd Ghigfianaf pl ane of
the first region is calculated fromdata whi'ch are read wthin the wafer
sur f agafef shfskp. t he central portion of the wafer to the edge portion

thereof. 15. The nethod for evaluating a wafer configuration according to

any gge of ¢haifBinbdt R)r%ald‘élﬁigﬁ'hmﬂg%? o%ﬁ%lﬁfétﬂﬁgaé@&%{ %o Lidim or | ess.

16. An apparatus for evaluating a r conPlguration conprising: a

cont i 41 AlaRLHEAAU LG LrbALERASLY | A% S GALI0UEBE OflBlofve Wal e at

positiohs with a prescribed space on surface he wafer; a storage

devi c Soﬁf?oé%rﬁﬁgﬁe .fi‘!'ég ¥VH1&9 Wt i rafd a&d% ﬁé}ﬁg&gﬁgr §‘12 ﬁé&igﬁﬁ@toif qpomd & measure d

by the ¢ Irguration neasuring unit; aracteristic

cont r SnteBlpttloh ¢ Pihe T3R8 S Wbt Brel AR el et ke <o or age
he vl SR P Ry SR P Tt FofBRRITS 1 Tary por i on
ot er ke pi SHE TArHOsHo PRI aTRE BOLTEr ShADEHE G CERaig PR nal yzed
diff €5 eoqcfo,aérhgrléﬁ{ %geerec el%rn%g tpeiéljltes Fo{' %l'?é ﬁllsgt rélé%fllslls c%a?gtﬁat_eﬁesﬁ‘om data
- which are read within the wafer surface of from the central portion of the
wafer to the edge portion thereof. |
15. The method for evaluating a wafer configuration according to any
one of claims 1 to 14, wherein the prescribed space is 1 mm or less.
16. An apparatus for evaluating a wafer configuration comprising:
a configuration measuring unit for measuring a configuration of a
wafer at positions with a prescribed space on a surface of the wafer;
a storage device for successively inputting and storing configuration
data measured by the configuration measuring unit; and
a surface characteristic calculating wunit for reading the
configuration data of the wafer from the central portion of the wafer to the
edge portion thereof from the storage device, calculating a reference line or
a reference plane in a region of the wafer from the central portion of the wafer
to an arbitrary portion thereof, analyzing a difference between the reference
line or the reference plane and an arbitrary position, and calculating the

analyzed difference as surface characteristics.




17. The apparatus for evaluating a wafer configurationjaeggadipogsto claim
16, wherein the configuration neasuring unit is a displacenent neasuring
unit for neasuring displacenent in tge direction vertical to a surface of
a test stand of a surface of the waft pl aced on the test stand within 5
the wafer surface, and the configuration data are displacenent data. 18.

The apparatus for evaluating a wafer configuration according to claim 16,
wherein the configuration measuri ng unit is a thickness nmeasuring unit for

measuring a thickness waf er hel d a, wafer, holding jig within the
vaf er slﬁrface%an%m%@ BB HPF i W%Hgoﬁatvaa%recqmﬁwﬁegg afspRlingotorg A

devi ce {a,brl cati net hod, wherein, when fabricating a device on a wafer
with aflaERpour & %%ﬁﬁetm Ason MeamEiRG Wit 1 §g dispdagement havi ng

the surface characteristic A (rise) of 150 nmor |ess evaluated by the

eval uamerpuritch sl den mkanyring disploerment dhathes dixection ovesticahdio 5. 20. The
devi ce fabricating nethod according to claim19, wherein, when 15

f abri catifage af adéestcdand of awafrfacewiftthe mai'eupb&ade@etteshstahé vdékice is
fabricated using the.  wafer having the surface characteristic B (sag) of
-30D nbe srafbeserfevalamt g bonfiheratioal deethi ng displedmaacdati.ng to any one of
claime 3 to 8 and 15. 21. The device fabricating nmethod according to

claim 18. or 2Dhe viygramiabus faP evabwatih@l ivedlfer n@néigdextice ooalivgfer Wi th an
exposure system the device is fabricated using the wafer having the

sur f acelahal @GiRéresh ithe ConfBGEHAIN ﬁi@)asﬁimg&@m@rﬁ, Q&hi&%%s@ﬂfé‘a‘éﬁl‘ﬁ% by the

eval uati ng met hod accor di ng to one of clains 9. . 22. A wafer, wherein

the wajbgit f@anélﬂ@aﬁﬂgfaaﬂﬁcm@srsa&@waﬁf gefd by 'as‘%feqfhol&él k?@mamr | ess_and

-the surface characteristic B (sag) of nm or | ess ugust 2005 -47
the wafer surface, and the configuration data are thickness data.

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

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

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

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

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

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




eval uated by the eval uating nethod according to any 0”?99fu§84t90@§ 2to8
and 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 -308inmto -900 nm 24. The wafer according
to claim22 or 23, wherein further the surface characteristic C

(undul ation) is 20 nmor |ess evaluated by the evaluating nethod according
to any one of clainms 9 to 15. 25. A wafer sorting nethod for sorting a

waf er on which devices are 10 fabricated with an exposure system wherein
t her e ¢walnaté@by the evalatidpmietod hberding bxeny hae af tlkwimst2 to B apdi se) of

150 urn or less evaluated by the evaluating nethod according to any one of
clainms1g2, 4 to 8, and 15. 26. The wafer sorting nmethod according to claim
25, wherein further there is sorted the wafer having the surface

characpgri st iPhBwaFadhc@rd3PtdElaiml Ok hbRSA tﬁ%hﬂfﬂc@cbhtaya&ﬁé@m@ieal uating
nmet hod according to any one of clainms 3 to 8, and 15. 27. The wafer

sor ti ng. (RINQY oReoD ghgh 180 (Hrﬁ'dﬂ@@h(ﬁ%ufﬂce%%&&tﬂnsﬁ\érﬂ ekig) heeee | s

sorte having the surface characteristic C (undulation) of 20 nm

or 4 ess e he eval uati ng net hod accordi ng 20 to any one of
cl aél ne wﬁwgﬁ QOQégﬁrRACT There- are provided a nethod and an appar at us

for evaluati ngya.. ual Lo GARJ BYEALLOBWIIEN FR0.ACGUERLE ke SYakYL @ @

peri pheral po as conpare e conventrona FQR or the

ke, < &Ilr%r(]:té:r?s c C'S fifidulation) is 20 nm or less evaluated by the evaluating

method according to any one of claims 9 to 15.

25, A wafer sorting method for sorting a wafer on which devices are
10 fabricated with an exposure system, wherein there is sorted the wafer having

the surface characteristic A (rise) of 150 nm or less evaluated by the

evaluating method according to any one of claims 2, 4 to 8, and 15.

26. The wafer sorting method according to claim 25, wherein further

there is sqrted the wafer having the surface characteristic B (sag) of —300 nm
15  orless evaluated by the evaluating method according to any one of claims 3 to

8, and 15b.

27. The wafer sorting method according to claim 25 or 26, wherein

further there | is sorted the wafer having the surface characteristic C

(undulation) of 20 nm of less evaluated by the evaluating method é.ccording

20  to any one of claims 9 to 15.




measuring a configuration of a wafer at positions mﬁthlgﬁ%%gﬁgogped space
within a surface of the wafer; providing a first region (W) within the
wafer surface for calculating a reference line or a reference plane from
the neasured wafer configuration;'%%fculating a reference line (10a) or a
reference plane (10b) in the first region (W); providing a second region
(W2) to be evaluated outside the first region; extrapolating the reference
line (10a) or reference plane (10b) to .the second region (W2); anal yzing
a difference. between the configuha%éﬁn of the second region and the
reference line or reference pl in the second regi on; and
calculating the analyzed difference. as surface characteristics.

There are provided a method and an apparatus for evaluating a

wafer configuration which can accurately evaluate a perif)heral portion of a

5 wafer as compared with the conventional SFQR or the like, which comprises:

measuring a configuration of a wafer at positions with a prescribed space

within a surface of the wafer; providing a first region (W1) within the wafer

surface for calculating a reference li_ne or a reference plane from the
measured wafer configuration; calculating a reference line (10a) or a

10  reference plane (10b) in the first region (W1); providing a second region (W2)

to be evaluated ﬁutside the first region; extrapolating tﬁe referenﬁe line (10a)

or réference plane (10b) to the second region (W2); analyzing a difference.

between the configuration of the second region and the reference line or

feference plane .Within the second region; and calculating the analyzed

15  difference as surface characteristics.




