, me3eqYgW 46T9A) vvvvyv, METHOD AND SYSIEM OF MEASURI NG WAVI NESS | N SI LI CON
WAFERS BACKGROUND COF THE | NVENTI ON This invention relates generally to

S ci ng by SaafBe roasur i ng' wellIONAHAING <1 i Zed warChBomihai™ "

processes for fabricating sem conduct qp.&l.£ctroni c conponents start with
nonocrystalline, or single crystal, silicon in the formof wafers. In
general , sem conductor wafers are produced by thinly slicing a single
crystal silicon ingot. After slicing, each wafer undergoes a nunber of
processi ng operations to shape the wafer, reduce its thickness, renmove 1 o

damage caused by the sli %@%ﬁ%—r&% g@%ﬁl‘ﬁ?% hi ghly reflective
surface. Known waferi né\'ﬂfc)}r‘ g LG Pvg%ﬁsﬁﬁot i nto individual
wafers with a cutting apparatus, such as a wire saw. In general, the wire

saw uses a wire nounted on rollers for cutting the ingot. The drive

mechani sMBACKGROWNDEOE SMBMAGENTION Wi re back and forth in a | engthw se
direction around the rollers at an average speed of, for exanple, 600-900
nmeters 15 per mnute. Commonly assigned U S. Patent No. 5,735,258, the
entire disclosure.of which is incorporated herein by reference, discloses a
wire saw appar ahigdnvetiondelates genesallyite walehglicaesand pargiaghiaodmprovedgialift er

slicing process typically produyces undesirable rface characteristics on a
et or | SGLRORE F R AR bR AR SRR ol AL PR oss” ot al
thickness vari gjsOftodesles st thifichiify ShfdoRARRE C1eREEME S idREnS B Su Measur ed

t hi ckness and the 2 0 m ni num neasured thickness of the wafer. Warp refers
to the di miewenasliibetonsesie arysn isitidon malkd bat ef anfdrsa lipederal emitohdiuste from a

standard surface of the wafer. Kerf loss refers to the Loss of thickness of
the waf er Wémerrapeduerdriyibinbydicing g single cystabsiliconDpedto Adist dicingneagh Wkt wood,

Char act o RESERAREPOG B REEREePgRtore s SisPr g SEBEE o RAREER, AR | on
0500, Ak AR ELcaued B AE Slerid i BRRAR AHt RACBRETRRY C\ <t em
. yst em under
the trademark @abaxWwafthsg 3Reddvks include slicing an ingot into individual wafers with a
cutting apparatus, such as a wire saw. In general, the wire saw uses a wire mounted on rollers
for cutting the ingot. The drive mechanism of the wire saw moves the wire back and forth in
a lengthwise direction around the rollers at an average speed of, for example, 600-900 meters
15 per minute. Commonly assigned U.S. Patent No. 5,735,258, the entire disclosure of which is
incorporated herein by reference, discloses a wire saw apparatus for slicing silicon wafers.
Unfortunately, the wafer slicing process typically produces undesirable surface
characteristics on a wafer such as thickness variations, warp, saw marks and kerf loss. Total
thickness variation refers to the difference between the maximum measured thickness and the
20 minimum measured thickness of the wafer. Warp refers to the difference between a
maximum variance and a minimum variance from a standard surface of the wafer. Kerf loss
refers to the loss of thickness of the wafer generated during cutting the wafer. ADE
Corporation of Westwood, Massachusetts sells a non-contacting electric-capacity type sensor

for characterizing wafer geometry (e.g., measuring total thickness variation and warp) under
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The wafer slicing process also produces a wavi ness characteristic on the
surface of the wafers, especially in wafers cut wwith a wwre saw. In '
general, waviness refers to relatively 5 localized surface variations.

Al t hough wa¥PR¥842q4 s anal ogous to | ocal changes in warp, PFEU030)8

avai | abl e systens for neasuring warp are not well suited for quantifying
wavi ness. The undesirabl e surface characteristics resulting from wafer
slicing usually can be satisfactorily reduced or elimnated by presently
avai |l abl e post-slicing processing operations. However, such operations
resul t in thatraiematk UlirsSage®o 00 mADE@érporsfienalsceslls Tvefee flatness nfeasurdmeant 10

i nprovenents in wafering processes are still desired. For exanple,
measur enmerfygen gpderais trademark Galaxg o308  bet t er understand this surface

characteristi c.[ﬁgd {.fo li 1prove garlocesges for .reduci n?e and/ O{Cel 'arri nﬁﬁjie ng
wavi ness. Such TREX{F g oksLalsq RRIeess FAUNTS FRARATEIFuE ot g SUHrst REPC a
vafer nas o dNasanl abherRTRHN RhidQN) "EROS! QL ANIASLAR Alildy t her

waf eri ng processes. By reducing the proble assocl ated wth wavi ness, the
waf eri ngs 15calizsicasace BMatittis.s ARdugh wadinesds hdafogb@sth I6catihaagks iSWbARY OF THE
| NVENTI ON The i nvention neets the above needs and overcones the

def i ci encipessently avhidabby systema far nipasysingwiadk arg natrwélhywited, o qrantifidel eiendness: st em
for neasuring waviness in wafers sliced from i.hgot. Anong the several
obj ect s aridiefiadgsiiple sysface eharasiegisiinirestipe fiorpwatprlicns vl gt be 2 o

D ove bt oSy TR BT RY Ryl ARER AR
det ect i On 1Rfwela, Gch oBaWlifHA rARI UDAGERANSR R AADHRHHnRVIRASSrc, fuRfer
provi si on of such nethod and systemthat sinplify the wafering process and -

reduce 1¢ Smpostmemdnith widferingpvdesdes areafill desirad. nBdrkkeangadneyatments foat ar e
econom cal ly feasible and commercially practical. _ W 00/52420 3

PCT/ US00/ 0B07@szsnbecdrd tp betieramflerptanchthisishefagesharpgteristic prd tg impprone groggsses
measuring fwavi ness al.si I{.con waf er, The met ho in(il udes dé{ge steps of
measur i ng SHERREARG o5 Flimingying WpiRSyS. GFuch FEPTIHESHS FFRIRBFERT and def i ni ng
an i nspectj yr f i The shape
data is redﬁgglg@ﬁ{tga‘?i%\%g?gﬁg&g%r e@gccgéta%lﬁgmé\.gﬁgw %Qﬂnée}ts eg@ﬁgﬁcg%@i ncl udes
cal cul at i ngrtier dRY¥drink pRiRessbe tBYRRAuidEahé POPRME bbcisted Wak &vadiessptht vafkting
reference plane at a plurality of positions on the inspection surface and
det er mi h% myo@ssmay preswspipEadandite roshedaceflunct i on of | ocalized variations in

t he cal cul ated devi ati ons. Anot her enbodi nent of the invention is directed
to a method of inspecting a silicon wafer. The method includes the steps of
measuri ng ﬁﬂ%ﬁﬁ@%%ﬁh H"i‘l%l\ilty of positions on 10 the wafer and
defining an i nspection surrace as a function of the nmeasured shape data.
The shape data is representative of a surface of the wafer. The nmethod al so
i ncludes cal cul ati ng devi ati ons between the inspection surface and a first
ref erence pl an&hainvantiinimeets thy atdlve peeds bndosnvercomet the defiri@ess obthe profasice. The
met hod further includes defining a plurality of localized sites on the

waf er and Wdirevidiag pmimriexddangthndany sysigse for psasuring pavinpssin yaferssdiecdfrm g

second reference,15 pl.ane a lurality o ositions on the in ction
sur face f i A ATIOE e Fuerd ol iCiiutn S EPGhest PO S P e sRERR 1o

cal cul LAt 4 Hesn. i 1 f e Sl and t he
first re?gprrgﬁgéléﬁ%{sgglzﬁ%e nety%ltlggl tg{@g&ﬁ %%%%eggfnt ﬁe gEée)tE)es 0 (ljegf'ithﬁi ng a
wavi ness pa6vsieh 6f sutPmeiad Bndsdykemahat pemkihaderedtidhiofwaRRrstavingan cal cul at ed
devi ati ons between the inspection surface and the second reference plane,
cal cul at i npaeceptable pspimal wavinesi theprofisionef such methadred syspan datsimplly ther t he
waf er and determ ning a defective wafer when the statistical function of

the wavi ne¥deigRIaRseTid redice {hepstiandine pravisinof sughipetigdang sysicpa fhat are

representative .of o | e wavi.ness, ..Briefly described, a system
enbodyi ng ezﬁgrboglg zg]ygt%as?ﬁ%a%}%nc\grgﬂef%%Sré%élgél'es wavi ness of



a silicon wafer. The systemincludes a nenory storing data representative
of tHe shape of the 2 5 wafer at a plurality of positions on the wafer and
a processor_for_ processing the stored data to determ ne a_wavi ness

par anet er . YR&¥¥#0cessor defines an inspection surface asPal’P¥Mee®n of

WO 001 52420 4 PCT/ US00/ 03078 the stored data, cal cul ates devi ations between
the inspection surface and a first reference plane at a plurality of
positions on the inspection surface and determ nes the wavi ness paraneter
as a function of localized variations in the cal cul ated devi ati ons.

Al t er nat i vel y, Gempsallyngrenfoimo af thajnventinpris 8 methed obmsasmring waviness ofis sitieah
systens. Ot her_objects and features will,K be in part re and in part
ot ed oBAtEoTBY MERDEinc A e et Mook Segpe R AR og o g o

bl ock di a f ] ] ' - L4 J f-r
accordi ng '33’['2159r parn gfi gélrrﬁ}é%melfrﬁﬁ%atﬁ%g%ﬁs %epag’ ta\g%yﬁlnﬁgg?\%h?%ﬁ%%dg%g&%&%gn °2B are
exenpl ary sk Qhta i ieprebeRatil @61 LQARBELH the RafdR I B nethd AR 1hd1adBs @8lcullBingngot
using a wire saw. Fig. 3 is a fragnentary, enlarged side view of a wafer.

Fi gs. 44 déBatimnd bd@can the mspegubmbyrfage aplhesfinst defesdncap langat tatpduratitp of pasitansiar d
devi ation and nean plus three standard devi ations, respectively, of the

wavi ness patheiatpestionsuriaceandgeterminiag a waviaess pammetsy gs a Binptiongf leselizedl ary 1 ow
diagramillustrati rafjon .of the processor of Pig. 1 for determning a
waf er vvavivﬁ%%l@ni)‘é‘rtg%@?‘g‘?a.te PE@ondi ng reference characters indicate

DETAI LED DESCR I oo HAER e AR fRied o YLK BAGHRRH SRAY 03072

wafer. The method includes the steps of measuring shape data at a plurality of positions on

—

10 the wafer and defining an inspection surface as a function of the measured shape data. The
shape data is representative of a surface of the wafer. The method also includes calculating
deviations between the inspection surface and a first reference plane at a plurality of positions
on the inspection surface. The method further inctudes defining a plurality of localized sites
on the wafer and calculating deviations between the inspection surface and a second reference

15 plane at a plurality of positions on the inspection surface for each site. The second reference
plane is a function of the calculated deviations between the inspection surface for each site
and the first reference plane. The method also includes the steps of defining a waviness
parameter for each site as a maximum variance of the calculated deviations between the
inspection surface and the second reference plane, calculating a statistical function of the

20 waviness parameters for the wafer and determining a defective wafer when the statistical
function of the waviness parameters for the wafer exceeds a threshold level representative of
acceptable waviness.

Briefly described, a system embodying aspects of the invention measures waviness of
a silicon wafer. The system includes a memory storing data representative of the shape of the
25 wafer at a plurality of positions on the wafer and a processor for processing the stored data to

determine a waviness parameter. The processor defines an inspection surface as a function of



Referring nowto Fig. 1, a system 10 perfornms neasurenents on a wafer 12 to
deternmine a wavi ness paraneter. As described above, the wafer slicing
process typicall roduces | ocalized surface variations on the as-cut wafer
12. This unﬁé’s"P’F’éB‘Fe characteristic, 5 often referred to BSTH803¥8s or
undul ations, usually can be satisfactorily reduced or elimnated by
presently avail abl e post-slicing processing operations. Such operations,
however, result both in the | oss of seng conductor material and the | oss of
processing time. Advantageously, the system 10 quantifies the wavi ness of
waf er 12 dke sorediditmeglsulptzs demdtions bebeanHhpaspection srfbet 4andnm fustdefersbandi ng of
the surface characteristic. 10 In Fig. .1, a neasurenent station 14

accunul at ®5neaLHRIVEHYPL PRFifiens cadhe ipwectiwFutaceaagd dasupipesthe ek ness of

waf er 12 neasure | uralii of ithons., For .exanple, the
measur em&ﬁ’?I agie%? ?%%H]T%Eo&%ggocég%gé’ I Elm\?gs nggenésatllfﬁlgazerdsd,év‘gfmrbsr obes, for

measuri ng the diskaeay, e diiey Rap Biprse il bitlr AlfloROkhamaH faces of
wafer 12 (or front and back surfaces, depending on the wafer's

ori entatg on). UDier dbjsitannifeiiaienatinbd in@al apfaemt ikl i0 o péintey olii hegginaier. 15 t hat
the wafer thickness can be calculated fromthe respective di stances between
t he probes and wafer surfaces. In the alternative, the individual probe

di stances can_b ) t | cul ate_an proxi mati on of the true shape of

t he respecﬁwgmg@&éﬁléﬁgﬁr%@tem 10 includes a nenory 18 for
storing a function of the accunul ated data (e.g., thickness neasurenents)
in the formof gridded data. As explained in detail below the gridded data
represents, forig2] @& £xadifraflerh afsicd®r ReinBRhwaNndsh sPLGtiéRArwasr f ace and a
reference plane, both of which are defined as a function of wafer thickness:-
measur enent®rdiddie Goefooedemtonindnt Vékhe wyetjionMassachusetts sells a
non-contacting_el ectric-capacity type sensor under the trademark U traGage
9500 suitabl e Figs HeansiAbosre axenygilagy Wafer profiles forcopsesuityie vaderelicedifrem agof t war e
for irrploerrenalin a site best fit range routine to 2 5 determne |ocalized
vari at i 'ond"Oh ¥R JPF &%d data. The waviness paraneter of the as-cut WO
00/ 52420 6 PCT‘FH.SQWMM@J,SEM&%Hggﬁéwio%%@rﬁ on is representative of
these localized variations and provides a qualitative neasure of the

wavi ness on waFips. 44 4Bland Uliase éxefibRACE-apHsiRuswatHgRS Mefif kRN Edcviddion el at i ve
to the severity of the waviness. In one preferred enbodi nent of the

i nvent i on anémgan plusthypesindard deviations, sespeadvels, diagpvadnesyarameierS 2 usi ng a
BA150 feed spool manufactured by Bekaert Corporation, slices wafer 12 from
its respeé?@&@‘%“ﬁ@"&?‘?s'w eferably, the feed spool has a | ength of

appr oxijmtel y Oct tﬁlr;gga f. F QX - Fi-gs. ; 2A and
2B are lergilerrpl arg gﬂ@ﬁn Zeggm@?%}fl e%lggf%@ ﬂ(l:'%ﬁgttgang}’tp ?%ég]%/\%%tgggmg%&glo?g%dl from an
i ngot usi g @tethintheSANafedfinddPiLimetey. has a top surface 22 and a bottom
surface 24. The 1 o thickness of wafers 12 (approximately 800 Vim is not

shown in eit heCofespondivg eferéiSe chiisacsnonmuiicat corrapendingarte throwghbwrtise 12 sl i ced
consecutively froman ingot exhibit generally conpl enentary wavi ness

char act er {96¥WiB8s: For exanpl e, a peak 28 on the bottom surface 24 of one
waf er 12 generally matches a corresponding valley 30 on the top surface 22
of the next wafer 12. Figs. 2A and 2B also illustrate that the surface
variations of interest are only about 15 one to five microns in size.




Fig. 3 provides a diagrammtic view of wafer 12. In one preferred

enbodi nent of the invention, system 10 neasures the wavi ness of wafer 12 by
first neasuring its shape data at a plurality of positions. Processor 20
processes tNQY%%40 t o define an inspection surface 34. FoFCEYSMMES 5 -
medi an surface between top surface 22 and bottom surface 24, as shown in
Fig. 3, 2 0 defines the inspection surface 34. In the alternative, either
top surface 22 or bottom surface 24 itsélf defines inspection surface 34.
Processor 20 then defines a first reference plane 36. In the illustrated
enbodi ment, the reference plane 36 is a | east squares best fit of

sumof -t nePEHAIFEE OB RCRIln O Gt REBEE R e R T b PRI TRNC  nedir cd point on

medi an i nspect 'IQéi} %{.@gﬁ) ﬁ? 1 alg% Qﬁ,?géf%g%%g“ﬁ%a”ﬁ{ao‘gﬁlspf 020 defines

first reference p e- pol nt net nown in the art.
According degeriiiR at\bdva&sppurﬁhetsmtp&mscnbed S5098,ake WhiNGicH pratetsugisisallyhr ee

poi nt's, WO 00/ 52420 7 PCT/ US00/ 03078 spaced apart by 120, on either top
surf ace 22producholotadired surfaac earfationsfonvtbd ssrcut YafePil 2 cEles undegitableharactatigticl at es

t he devi ati ons between reference plane 36 _and jnspection surface 34 to
accunul af eofgenlrefa@@ﬂ \ReRp Y aMiESs OF Bndidations gsualy cansbesgtistogprdly radicedorer

i nspecti on. era the | dded,.dat a_provides in tion regardl ng
wnr e i ciimigee B Bseny A5 bl PRERERE froPisEe R iR oS SRR 1t Vs to
be_under st pagybl AkuIIBAR S RERAL o PlefidoRBucks AHRiaRLRAnt Rl bifoRsRiPERSSOr T OF
perform ng thesé operations. According to the present invention, processor
20 det er m A@antageousBy ihb 8BsterP a0 qidticies the waaihes omatasmasfam@ﬁma@mpa@imétacal i zed
variations in the cal cul ated deviations. In determning the wavi ness

par amet er , Whichpergii s beterfunderstantiong ofdbe surforahatactesistisf 10 | ocal i zed sites on

waf er 12 and exan, nes the gridded, data for each of the s tes. As_an
exanpl e1%syst enf e8! n%’ﬁ‘@?‘?ﬂ‘gemf?tg?tt°§346?°“§ﬁ%ﬁs sy Wﬁ“’ 68 Pritsidi%er . For

each site, gTeg nggx%gh:ckne sdo%f waqef'slg%s ?n%gs%pe% & g ﬁlrraeflt)p § sﬁnf‘? }%ag)garrfpll ction

of the cal € eviations ween 1 nspection sur ace 3

reference planfnift Jtélfonﬁ@'u@és%aﬁ;ihtiv@?rai?éﬂh&ér§ 8 fob&s! ?o?meﬂh&h%g t}ietdldtzﬁxcé' kel 'y
that the second reference plane for each site will be different. In a 15
preferred g6kt prebs, to thedod z&ﬂ&bbtt&xﬁ WarfR8s diiesdferfllzt(ooﬂrortt led lopck datédegjat a f or
each site defines second reference El ane 38 for the site, According to the
i nvent i on, dgpendieg emihe 2oferglorightaiang. Theedigtande eiwsas thserabsels genglycliied so
surface_34_an ond .reference e38 at a Jura itigns on

i nspect 'onthé ?3’8% g’ kg cé%l °3éﬁp“ﬁa§ frm thedeBe ‘fﬁd’tshgﬁ%&’gwe 8 °PRE “havi ness
paramet er Lty S8l ald Ciitie Sty DU g idiard: 300 Ruulloed D e L&D BliEare

devi ati ons tween 1 nspection sur second reference plane 38

Advant ageoasé%amxsm&tcmfm tﬂfe&lﬂ(&ﬂ@ﬁ'ﬂf&ﬁedp@dlv@@ﬁﬂf&@s FrefeRBlyageept Hontludes of
waf er 12 based on the wavi ness paraneters for the various sites on the

waf er 12. Pmmesyst&f02ﬁoen@nfumetmnapfﬂmcmuldcabﬂatahag Mbickreesmessurementskins f or
maki ng this determ nation. Fig 4A, 4B and 4C are exgrrpl ary raphs

i |1 ustrati A femnef enddedgaty. u%wmdérf dﬁttﬁbbeiovefp thegrdded datpzep %Ifmf or a
| f (i t
ar ot 3¢ ° PafiS ievipd e B EREH Rinectdstlur i b bR Pl MTBADMRIL 0500

the defined as a function of wafer thickness measurements. ADE Corporation of Westwood,

Massachusetts sells a non-contacting electric-capacity type sensor under the trademark
UltraGage® 9500 suitable for measurement station 14.
A processor 20 executes software for implementing a site best fit range routine to

25 determine localized variations in the gridded data. The waviness parameter of the as-cut



WO 00/ 52420 PCTNSO0/ 03078 standard devi ati on of the wavi ness paraneter for
the sanpling. Fig. 4Cillustrates a wavi ness capability paraneter providing
an overall indication of the waviness of wafer 12. In this instance, system
10 defines VYA&VRAN ness capability parameter as the mean PEUESOOR}EE -
standard deviations for the sanpling. In determ ning whether wafer 12 is
defective before undergoing 5 additional processing operations to renove

t he undesirabl e wavi ness, processor 20 gstablishes an upper control limt
for these statistics. One preferred enbodi nent of the invention rejects

waf er s hawafe 18 undsriingpsaliopaprebiebantafive pthese pocabizedhvanations amberovidesevi at i ons)
greater than_ approximtely 4.5. Referring now.to Fiq 5, .an exenplary fl ow
di agr am 4ClUAHIEYEPeAswE Ogthﬁ PEVBETsOR Wik dge Frathispstaice the W BHERSE BAFRCIS0S T or

det erm ni nglﬁgigeﬁg%%geerlgfopt%r aneter of the as-cut wafer 12 under inspection.

Begi nni ng g OceegBr 20 defines a plurality of |ocalized sites

on vafer 12 by 19bgepréRfeldhifRimdnt 8/hE #REnti AP vire v AAMEAANRY By H@TUSer
selects the sites t'o be 30x30 me for a 300 mm wafer having a site centered
about the Shaping SynémaBA alsink2 KA150.feedlsposhimanhfas@icdiby Behdit Corpordtici) elices
directions). At step 44, processor 20 retrieves the gridded data 15 for

waf er 12 fwasen 12efraoe s respegiice, ingat. Breégmabl thecfedwpnelshas b dengthtod appypximately of t he

sites. Praoceeding,toQ ste tt50, roces 20 defines the second reference
pl ane 38 f3§§“3‘é_€*'gfl%&f“é‘et§£° aIF?BmF’é%f’é Y§ (f%es best fit plane for the gridded
dat a CorresDO”‘%g%QzAQn&ﬁa:E%%rgﬁWy%ﬁr@e F‘uﬁlé%tfoPéoﬁpec%ge v?a[f‘e"rg%ﬁ?cred m

et wee 4 an

cal cul ates the vi at1ons ween“i nspection surface secon

ref erence RligReusids & Rlre 08¢ NEShWaifer P2 88560 kurdfle 92 hhd£BottoREsud@yd 146 SThe
paranmeter for each 2 0 site as the range, or nmaxi num vari ance, of the

devi at i bhshibleteseafiwafers p2 GHpperinsiely 80k a8Yisantshown dmeitheeFigr 2hoe2ll Ane 38.
Processor 20 provides an indication of the acceptability of wafer 12 based
on the wahpies i these dgpicsveaferg 2 giced gensequtivaly frem agingah extukit egnerplly hy
examning a statistic of the raneters. At ste , ocessor 20

ol oul at o TR e Tadre SR BRRANE: Eo% aroisha PRk O EORERAER 7 om )
of the sit@9ne Whtel ¥ SonelIP GREA a BPreSdhEH) HIRY 38 oﬁttl?ettbqur%é 2208 e 1 0N,
such as the nean plus three standard deviationhs fromall of the sites, for
det er m ni ngafére. Wipsl e sisd 2B plabillubtiate thht thér@irfase wdtiatiovafof intdrdst arechaty dbostpect i on
at step 56. WJ 00/ 52420 PCT/ US00/ 03078 9 As described above, processor 20
execut eb5 R tepdyeamicens jriiteement ing a site best fit range routine to

determ ne |l ocaljzed variations in the gridded data. | referred

rbodi ront | of LK SR o & agtaamalic ViF gy s ?‘h?fﬁ’é“ 185t FRPOIRILHES st eps

44, 46, S } I,.m.l.ar i (H res
Range. ( PSP ER 10 FeBhifs @bl b TR e FELGL ARG R, oA b
surface chniralgdy @F p&sitions. PR5esEdI20@rdck a8l MR HRE tSddfift RYingSddabn JurBedB4 For
satisfactorily reduced or elimnated by presently avail abl e post-slicing

pr ocessi ngxepplea median suraoehetreen sepcdurfagrel2ainid dbosom ewtdct 24,ras sitverin&lg. Boss and
time ineffjciencies. Quantifying waviness wiith the waviness paraneter or
wavi nes30 @dghagiths ingpeption surfass 34 P theahterptiysy dthgiigp stace 32 ox batfgmsurface

char act erigt.] thus.. permts, iJiprove erations_for. reduci ng.and/ or
ot a1 172 gt Bl o Kk, PYRERNE o BREHAKICE f P Tk bR 96 SO0 D

propcr conhkgl in@sftra;eh%mﬁ)g&f%ﬁ@;hu rr&”erlcxﬁégtﬂ)'k{nl)f 36 fé@ﬁl@as'i Sdufares G it BEndpREGRS, Wire

quality and/or wire guide (nmain ro

surface 34. In other words, reference plane 36 yields the lowest sum of the squares of the
distances between it and each measured point on median inspection surface 34. In the
25 alternative, processor 20 defines first reference plane 36 using the three-point method known

in the art. According to the three-point method, reference plane 36 includes three points,



may | ead to | ess waviness during slicing. In view of the above, it wll be
seen ‘that the several objects of the invention are 15 achi eved and ot her

advant ageo ts attained. As various changes could 12@% i n the
above consﬁ%@ﬁa s and met hods wi t hout departing fromtﬁlseEC @3506’? t he
invention, it is intended that all matter contained in the abovc
description or shown in the acconpanyi ng drawi ngs shall be interpreted as
illustrative and not in a limting sensk. WO 00/52420 10 CLAIMS WHAT IS

CLAIMED I'S: PCT/ US00103078, 1. A nmethod of neasuri ng‘fwavi ness of a silicon
vaf er, safRPCHBINSF by deDngn sithes frpsitpcece oahettom puface i etivriack FEagessore? hod

COMPr L 51 heh BEioRED e BEURATUELAG, RRAIE RN ALy LI drkcc O 051 L ons o

at | east one o e surfaces o € warer, sal €l'ng

represent alduil gridded Aap Ma dolerRRS 1R fas-LhGvale 18 mde ifpEiHINNh SRelal)SPECT i ON
surface of the wafer as a function of the nmeasured shape data; cal cul ating
devi at i onshelpeiddabdutd frevidessipfemativn regikding @apdthiah {si o gobal Gharerlanpioane at a
plurality of positions on the inspection surface; determ ning a wavi ness
par amet &r war 42 pynwholonltaf to/bosnddrsteatl thatrmeasuroment istatiom &4 may elad ickide a
deviations to quantify the surface variatjons of the wafer. 2. The_pnethod
of cl ai m ProgRsPTPTPerivEmmg dhese pPPegation i MeFordiRs otk RIsEnbRvalirrEeesssiEFlides

def i ni ng @et&&gn%l{#xet 5 An @0 Bar i 21 Q005 ll&fagg?l{n%&or;[ mﬂm{z&f vatirétgrmggx{]{%e Easured
shape data an efining a nedlan surface petween the top an ottom
surfaces. cdeuldib®deitiaggl of claim 1l wherein the step of defining the
I nspection surface includes defining a top surface of the wafer fromthe
nmeasur ed shapelndizteamindng thé evanieésh perambter lpaicassdr 20hf@sedefineseepletabity off def i ni ng
t he inspection surface includes defining a bottomsurface of the wafer from
t he meddutesaliagh sises appayader 12 and examines the gridded data for each of the sites. As an

example, system 10 inspects 77 sites of 30x30 mm? for a 300 mm wafer. For each site,

processor 20 defines a second reference plane 38 as a function of the calculated deviations

between inspection surface 34 and first reference plane 36 for points in the particular site.

Thus, it is likely that the second reference plane 38 for each site will be different. Ina

15 preferred embodiment, the least squares best fit of the gridded data for each site defines
second reference plane 38 for the site.
According to the invention, processor 20 calculates the deviations between inspection
surface 34 and second reference plane 38 at a plurality of positions on inspection surface 34
for each site. Processor 20 then defines the waviness parameter for each site as a maximum
20 variance of the calculated deviations between inspection surface 34 and second reference

plane 38. Advantageously, system 10 provides an indication of the acceptability of wafer 12

based on the waviness parameters for the various sites on the wafer 12. Processor 20

examines a statistic of the waviness parameters for making this determination.

Figs. 4A, 4B and 4C are exemplary graphs illustrating statistical functions of the

25 waviness parameter for a sampling of wafers. In particular, Fig. 4A illustrates the mean

waviness parameter for all of the sites for about 270 wafers and Fig. 4B illustrates the



5. The method of claim1l further conprising the step of defining the first
reference plane as a | east squares best fit of the inspection surface. °~ WO
001 52420 11 PCT/ US00/ 03078 6. The nethod of claim1 further conprising the
step of defWRiE42Ehe first reference plane to include thrBel/8YAE38 apart
points on an outer surface of the wafer. 7. The method of claim 1l wherein
the step of determ ning the wavi ness paraneter conprises the steps of:
defining a plurality of localized sitesgon the wafer; calculating

devi ati ons between the inspection surface and a second reference plane at 5
a plural i standdrd position ofitheovavinkss parsgpée fordine smplisg eFigAC dlastitesiatvervingssd
defining the waviness paraneter for each site as a maxi mum variance of the
cal cul at egarfbifitapargnenaevidiag 2k prerglhiadisationed thegyaviness efivepferde. Sedisnd
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cal cul at e%eaﬁvdneffarmahghﬁg% deREninISRAfRIHPHa LTS REErLRNe Helife Sidefiofd t he

first reference plane. he method of claim 7 further conprising the step
of defi rg naditibel precasitg bpdrations eerefpbadthe iodesattdwatiheds,pBocdssbe2Béstablishas es
best fit of the cal cul ated deviations between the inspection surface for

t he site andppeneortiol mitrferf thesesiatistish.afne prefrredembediment of thenrysaton negeta
silicon wafer, said wafer havipg a top surface and a bottom surface, said
met hod cor‘Pﬁ‘?fir%]i‘%’(&‘gt%‘éa"é’ieéi)%apétflﬂtyr@ﬁ%‘wl% egﬁslﬁ%arﬂg?vyt%s)&f?ﬁtﬁ&ﬁm ty of

posi tions agélm%inat 3¢ one of the surfaces of the wafer, said shape data

bei ng repreésentati‘ve of surface variations of the wafer; defining an

i nspection surkeeinotte Rk e demplafyiid liogtapfsotinR IR as pretkcghape dat a;
cal cul ati ng devi ati ons between the I nspection surface and a first reference
pl ane ato apghtionadfitheprodesspo 20 faradasmuning tiee waviescharometerof teecs-cut wafer 12
under inspection. Beginning at step 42, processor 20 defines a plurality of localized sites on
wafer 12 by size and offset from user input. As an example, a user selects the sites to be
30x30 mm’ for a 300 mm wafer having a site centered about the center of wafer 12 (i.e., 15
mm offset in both the x and y directions). At step 44, processor 20 retrieves the gridded data
15 for wafer 12 from memory 18 and, at step 46, examines the data for each of the sites.
Proceeding to step 50, processor 20 defines the second reference plane 38 for each site as the
least squares best fit plane for the gridded data corresponding to the particular site.
At step 52, processor 20 calculates the deviations between inspection surface 34 and
second reference plane 38 for each site. Processor 20 defines the waviness parameter for each
20 site as the range, or maximum variance, of the deviations between inspection surface 34 and
second reference plane 38. Processor 20 provides an indication of the acceptability of wafer
12 based on the waviness parameters for all of the sites on the wafer 12 by examining a
statistic of the parameters. At step 54, processor 20 calculates the mean waviness parameter
and the standard deviation from all of the sites. In tum, processor 20 calculates a statistical
25 function, such as the mean plus three standard deviations from all of the sites, for determining

the waviness capability of the as-cut wafer 12 under inspection at step 56.



WO 001 52420 12 defining a plurality of localized sites on the wafer;

PCT/ US00/ 03078 cal cul ati ng devi ati ons between the inspection surface and a
second ref | ane at 10 a plurality of positions on j tion
surface fo§£§g@%¢§ite, sai d second reference plane being ggﬁﬂﬁ@@&% of "t he
cal cul ated devi ati ons between the inspection surface for each site and the
first reference plane; defining a waviness paraneter for each site as a
maxi nrum vari ance of the cal cul ated devi9ati ons between the inspection
surface and tﬂg gecond reference plane, said waviness 15 paraneter
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description or shown in the accompanying drawings shall be interpreted as illustrative and not

in a limiting sense.
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measuring shape data at a plurality of positions on at least one of the surfaces of the
wafer, said shape data being representative of surface variations of the wafer;
5 defining an inspection surface of the wafer as a function of the measured shape data,
calculating deviations between the inspection surface and a first reference plane at a
plurality of positions on the inspection surface;

determining a waviness parameter as a function of localized variations in the

calculated deviations to quantify the surface variations of the wafer.

2. The method of claim 1 wherein the step of defining the inspection surface includes
defining a top surface and a bottom surface of the wafer from the measured shape data and

defining a median surface between the top and bottom surfaces.

3. The method of claim 1 wherein the step of defining the inspection surface includes

defining a top surface of the wafer from the measured shape data.

4. The method of claim 1 wherein the step of defining the inspection surface includes

defining a bottom surface of the wafer from the measured shape data.

5. The method of claim 1 further comprising the step of defining the first reference

plane as a least squares best fit of the inspection surface.
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8. The method of claim 7 further comprising the step of defining the second reference
plane for each site as a function of the calculated deviations between the inspection surface

for the site and the first reference plane.

9. The method of claim 7 further comprising the step of defining the second reference
plane for each site as a least squares best fit of the calculated deviations between the

inspection surface for the site and the first reference plane.

10. A method of inspecting a silicon wafer, said wafer having a top surface and a
bottom surface, said method comprising the steps of:
measuring shape data at a plurality of positions on at least one of the surfaces of the
wafer, said shape data being representative of surface variations of the wafer;
5 defining an inspection surface of the wafer as a function of the measured shape data;
calculating deviations between the inspection surface and a first reference plane at a

plurality of positions on the inspection surface;
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defining a waviness parameter for each site as a maximum variance of the calculated

deviations between the inspection surface and the second reference plane, said waviness
15 parameter quantifying the surface variations of the wafer;
calculating a statistical function of the waviness parameters for the wafer; and

determining a defective wafer when the statistical function of the waviness parameters

for the wafer exceeds a threshold level representative of acceptable waviness.

11. The method of claim 10 wherein the statistical function is the mean of the

waviness parameters plus three times the standard deviation of the waviness parameters.



