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M CRCELECTRONI C FEATURE QUALI TY 5 BACKGROUND OF THE | NVENTI C2é Maechpt(8d ent
invention relates to the fabrication of sem conductor integrated circuits
(ICs). Mre particularly, the present invention relates to nethods and
apparatuses for the characterization of mcroelectronic feature quality on
ICs. 10 The fabrication of an integrafled circuit requires the various
materials conprising the device to be patterned into required circuit

el enents. This pMEFHODANDAPRARATUS FOR CHARACHERBIATIONGF by t he
deposition of a unifor MICROEBEETRONK. FEATUREQGHALIBEY. A "mask"” is then
formed on the filmutilizing a photosensitive material, and finally the
exposed material is etched away | eaving the desired circuit elenents. 15
The yield and performance of an integrated circuit can be critically
dependent upon subtle fea Syt tched circuit

el emenft?‘r’rs1 or features. BA ORDOFTIE Nwh?ﬁl@e@char acteristics are:
line width | oss (undercut or "bias"), sidewall angle (sl ope) surface

roughness t he_presence of  residual mat erl al, at stepﬂ@dug "fen es or
"stringers"), Hﬁopf?%@ HoRRGRN relaten @ the fabnication af sgmicoRdugtos i griﬂ@ tGhrcuts
("foot") S a I et i on
b the Sl hg e R e E s A I R A e
and mai ntchaaneszatithefminoelcomorod fegame gaalidyion Iﬁ’sequr pnment manufacturers is

to devel op har roc Sses, con ems ca le of relia and
Fopr odlibi by e ebiRoR QT 3R SRberhied cleubr iR e ORets BaRrAl ForShEdite
the desirRdicgt¢hePat @RIt RERFALLRUIt S dntchts. THs aﬁtelrmhg/ op&atén HEYR 8RemNd
optim ze the etch process and hardware is critically dependent upon t he

avai | abi Iaccqmpiishsréhs@hed@wdltlpn@tf raumetors fdmplabftreofcaf dastred oratanigl.t Ae'dmask” is

A e b T R o e B R R

takes pl %@&eaa@awfeeomtghee 8dsaBd e@fieddmémt$t i cs are measured is of great
i nportance. Measurenments that are made while the 30 etch is being perforned

(e. g.15etch rHteeywldamérm;f@rrmncqaf @otintognptedrarcgis an & (oyiticdly depepdeay upen

i nedi at e e I | t nts
hat ar e EIT SFREs ARG OF uler RndR bR PeBBhiscB IGBRE | SomlCRE LTS
for faul timgeigat fe@zmraaal@brwerwu@y iagke luerWrdfth-lcﬁss Mind@oM edrSeiasv)) sﬁawzamlr m@és
drift or hardware aging, Measurenents whi 26 March 2004 2 require

si gni fi cdplerek merfarsy kpehasss.hibqapreserce Pécrﬁrlérﬁl dR#keTidh & HER C4Es%0h f%ﬂcés or

1y o | byt
general |y} Egﬁ forﬁ)ggét ??n&gﬁﬁaglﬁgen%”ﬂe hAtdvpnR é’:@lﬁeﬂ RAERD fQ‘H aﬁﬁeiéoétﬁh' n

general , use mai ntal ni ng t proce ny o

subt | e2buthaccictistoal restlc rfrou:haheacomplestmmsacgeu af, thsraﬂdn\@ Ichamgire, thet plasiger 5
formation res|d tcs.é) ntI onI be nonitored through the use
of Scanniffg® E‘fé"B G %ﬁfg“ IW“ ?“a('}f: er conpl ex instrunentation.

These techni quasg ﬂfn@tn&ﬂ TR SERANDHIAAG, eqifipfedt ORBhIfAR6kers| [se@UERelop HATRGINT tO
the wafer, and require substantial human eval uation and interpretation. As

such, SENAre¢esscacAnsk¢onirol aysiems Gapelln of vadiaplyuandcrepiedineiblyprentiog shaspecinrsdtvar e

ggrflrrafn”gdgtc& {?}ﬁgﬁé ?@EM:(!I 't%%oﬁiqgeu grr ore'rtgl ﬁd ?"'ﬁp g Ig:lée{) ac Cl‘é%]lﬁ% lh!a tals)th[)Q to

manuf azd ulevelgpi andi opfihie dgit %tb&@r@d&@d Yifidl Sha@dldare\f@ ¢Rich Iy débelﬁfeﬁb'u@@@ the
detected via sorre ot her nmeans, such as yield decreases. Since subtle
changes i4Ya¥4hililyiQf |§eRQEY A BFTupeIiS Camhflcqf measyrang those igportant ¢haracterigtissosss,
are generwhl 1al s of wafers are

pl aced atwb?tgcl?ﬂgktn%gérﬁt echni qofthE ? gm m%gg {/‘%p%‘!g’;‘?&é? g(?mg{ijal ity is

Scat t er oret er WurBemmarer thm;mfr ylelas bitbvesnsdenupertchhekanglhgesami whed ttghdtch
refl ected, or tteredfro efsurface of a fer bein evaluﬁé‘&%

Seat t or oriSREFTRIG I BIAUETS IS0 ST BBRH e o MF s meniyRatiare. apdp sl the

aver agso sdictf Rai g%@ﬂﬁ‘ﬁi%& (c.85 Etcﬂ’&ﬁ@ Vig 8hdott RIeRkiibiH, ar@?%e‘#ﬁhﬁﬁﬁ' BrbRad ur e
Cl

spaci ng, periodi and height. These sensors typically utilize
monochr orEMRediat PEpces Fedbacks |aeéttbles Maiiais pptinl |rgsulies i Mieesirgragrivo dhat  are

diffract '}%Pfo%é‘r} ﬁrﬂlglehl'a!%ﬁr ahdrUhe UGS rE)gesEDa% Eyplcatllyeus%crll ?(r)raf’auﬁrd&eclugr? and to fhe

provide “run-to-run” compensation for process drift or hardware aging. Measurements which



20 features. The requirenment for a special test structure on the wafer
severely limts and conplicates the use of these instrunments2§ Marghr20féss
control and/or real time fault detection. Moreover, different and specific
configurations are required for the neasurenent of different feature
attributes. In view of the above, what is needed are nmethods and systens
for providing an 25 indication of waf ek quality that are not tine

consum ng, damaging to the wafer, or that require substantial hunman

eval uat i mmmdlgmﬁ@mptlmaldaaﬂ or hemant|diteracsion an énteapraiaen asp genegalhioesed defui r e

26 War ch 130027 S R R P RER ExPer el i Bebf FROETF BhlnfighlSRE, =0

t hese neeﬁlaqmlgﬁmfgrmychQg a systemand method for characterizing the quality
of microelectronic tfeatures utilizing broadband white light. In

enbodi rrent al\riatrghpiz tla,eoswht}@ablédcriticgh1et0§o¢hﬁteétqulsvﬁn{er&t gidewall a?unélé é'frm&mfu r st
waf er | ti p r f h I i ght
sour ce *ha$ g%a%ghé% delllr% Egcr)eg eg{;ﬁﬂsy g{ﬂﬁ i %,%Mm mqlr“})eu%re e'?sgb{)fyt% t han

0.5. The R@thaviidosbpy I(EEMQ)I’(M @fhet h@mbleghhstﬁﬁﬁntﬁbﬁd Thesendchriglidsr &t tn@a‘ er
is then neasured. Generally, the angle of the Iight source, detector, or
both i s AOABHRALAE malmgufra ueally JAMBRING &h theuxalth ene FauiTa oubsaniak Byhan

angl e, i gnatur
oot ter "< ANEHO R BRI, DAL MR, S8V ERBacA Ao Ben APkl dbif,
si gnat ur q)rﬁxfesﬁaﬁ@mﬁftﬂvamﬂWelﬁﬁmmoﬁJtQHaifl lhmltdi(buslzeirenmmmnmgea gromksst yt ma‘ t he

first wafer. |In angther enbodi nent,  an ap Igarat us .for charafterj Zi.n

qual i t 1P OPURUR} seNdiien. o SEM § aain ARRIGRHIPT i1 iTHERTRICH LASHH A A Bﬂunsdﬁgn ﬂge
di scl oseds fibg FRPEE ahy %vamﬁldﬁ%fprabn@ﬁl%%%q VGRLhEBIRE meafi tsudP e §RId

which is suitab or ilTumnating a surface of a first wafer wt
li ght bealecreases. djipar sa.ﬂ)tls changeh én thmcibhl(sthaaaemstght which eéypically mhmltlm wsﬂd

sui tabl e for sensi cattere nat ed su
Fir et vader, o nos dehvelt monorgs bl Rynber BLY kR e Hhkf i aRks | The
first wafer wigdyiger I‘f&%%?}u@ Gat El?aﬂyz'?ﬁ@ﬂfﬁjeg ﬁalﬁgr 1§S§;ﬁi€Met¥@f eScalbrogRedy is

quality is included. In yet anot’her enbodi nent of the présent i nvent| on, a
met hod1s dxaserdakwmgtlanar@tysxsmfel@mreﬂecctedr @misctattsnerﬂ ueararthe h@!\ﬁqngfm) iwafasr beding
feature ch ratcterlsilcst dIS | osed. The l%f% RS Lf}l‘ | um natin
area of &'FIrPet wEPEFONILRPS edﬁ?’ﬁ AP eaaahﬁ Fhies Bé“eavbﬁé%‘f‘ﬁg he

l'i ght SOléhﬁchpfcﬂghlﬁ‘{@§ d@.ﬁm@b@aﬂrmyﬂome 2Re Geteprhink | fB&thre dtffa@ihgrﬁéiiomcu hend

hi ghly col limate ht source has an angul ar spread of |ess than [, and
nmor e pr efhsiehbl he'@eeg@swaatmpleal!af uiilize AR zmcSlwqr t;llahit sflestedt fivem | spegially
scattere r r e of
t he Ilgh%eglgﬁéﬁcéa?%lf (?%f(r)ér&&g ré)tgr\ghﬁifeg 'g? erre an angu;?r%('r%gdstugfro ?E&ltl on

neasur andadtuteak efhateqiremeanires Spe’ouﬂueitn‘gruatu?,@@ht me wafgnaguerady flimmits hed
first wafer. The scatter signature of the first g/r i s then conpared with

a known <ORPlicatesiigse OF thest nstrumerth donpipesss S?Htfﬁséa quspal E‘?letf't‘)“lﬂ@?t%‘?tlﬁnne
the qual iNyreBlert fifefdnt 8ha WRERC coEfl?ﬁ*bﬂl()hS a}é.'ﬁ Wl Pfor iR MERGRARAMoL (lﬂffgﬂzgh a

series of sem conduct or processes formt h integrated circuit.
Advant agdeastepttribhigs.pr esent |nvent| on provides an |nd| catl on of the waf er

qualityinatlrrel d|t|o t he ent ent on_does not
require subst AR e‘? ﬁ% Y/%Iw lﬁ)ﬁle%‘ﬂeg ?rﬁt%\?tb? S8 RREOEE M er
si gnat 2q° €sdig@ionbef Hatgidudlignahy ZRAnANiMe CORRIMIBE, Mgﬂl’% to theOwhRE Chr gfdp4 4

Finally, since the present invention provides waf er qual ity data w thout
t he need fgguire substantial human evaluation and interpretation. In addition, the methods should not

require special test structures on the wafer, and should be economically viable.

30



conpl ex equi pnent, the cost of the systemrenains relatively |ow BRIEF
DESCRI PTI ON OF THE DRAW NGS 5 The invention, together with f24 Maesh 2004
advant ages thereof, may best be understood by reference to the foll ow ng
description taken in conjunction wth the acconpanyi ng drawi ngs in which:
Figure 1 is an illustration showing a systemfor characterizing the quality
of 10 microel ectronic features using bBoadband white Iight, in accordance

wi th an enbodi nent of the present invention, Figure 2 is a graph of a
scatter signature of I|ight W&Mﬁﬂ_@ﬂe of a wafer, in
accordance w anot her enbodi pent . of the pr nt .L.nvention:  H s a
graph of a sc e"FS&PgH‘é{F“ 3 '\i/éa%‘?gerset%% ee'%:i’eghgﬁ’{@‘”% nastsy S t%fnnadgfclgl(%){hggﬁfgre 15

with yet chm@t®gsingmRogliangnét @icrédietphiesedttires DUBFAE Bfvadbirduritcdlighs. #n afi@ph
showi ng the scatter signature of a "white" |ight source and a nonochromatic
li ght sowgrmhediment.schkighlysalanajpd ghi sowss BlnHases o arenel Hfiess siaferiuping myldn;

Fi . h . e i ; : ;
coor aancB i Reht, PRIGEIY e SR Sohardd Ry st 160 T LIRE LAk biless
I | | ust r atthan+ Bhaw ingregpréferadty, tat dein@i0. 20 Mhe ghngidin distribitionasiahe Halnaeatwréd

anot her aspect of the present inventjon; Figure SCis an illustration
showi ng dramthearsk waknas Higrangaswred rGeaer@HMgﬁe@glmf hea Rt BRPICasYdRAOToPT t he

E(r)ﬁfsieghr ;t{a}’lgaht 51%%5%%?@2},1?@&; Sisfbulibh YRabAEHOR SRALNGCR dnlpitS Prokingtl ©
scatter signature for the first wafer. Finally, the scatter signature of the first wafer is
10 compared with a known scatter signature of a second wafer of good quality to determine the
quality of the first wafer.

In another embodiment, an apparatus for characterizing the quality of microelectronic
features utilizing broadband white light is disclosed. The apparatus includes a broadband
collimated light source, which is suitable for illuminating a surface of a first wafer with a

15 light beam. The apparatus further includes a light detector, which is suitable for sensing light
scattered from the illuminated surface of the first wafer. Finally, a computer for comparing a
scatter signature of the first wafer with a known scatter signature of a second wafer of good
quality is included.

In yet another embodiment of the present invention, a method for making an

20 integrated circuit structure having monitored feature characteristics is disclosed. The method
begins by illuminating an area of a first wafer using a highly collimated light source, wherein
the light source produces broadband multi-spectral light. Preferably, the highly collimated
light source has an angular spread of less than +1° and more preferably, less than +0.5°. the
angular distribution of the light scattered from the first wafer is then measured. Generally,

25 the angle of the light source, detector, or both is altered and an angular distribution
measurement taken at each angle, producing a scatter signature for the first wafer. The
scatter signature of the first wafer is then compared with a known scatter signature of a
second wafer of good quality to determine the quality of the first wafer. Finally, the wafer is
processed through a series of semiconductor processes to form the integrated circuit.

30 Advantageously, the present invention provides an indication of the wafer quality in a
timely manner. In addition, the present invention does not require substantial human
evaluation and interpretation since the scatter signatures may be readily analyzed on a

computer system.



25 with anot her aspect of the present invention; Figure 6 is an
illustration diagram showi ng system di agram for characteri zidgMateh 28041 ity
of m croel ectronic features using broadband white light, in accordance with
one enbodi nent of the present invention; Figure 7 is an illustration

showi ng a coaxial configuration, in accordance with another 30 enbodi nent
of the present invention; Figure 8 is 4 flowhart showi ng a nethod for

moni toring the feature characteristics of etched wafers, in accordance wth
an enbodi ment Fafally hsingr s gmeseinnineenticorprovideswisr ghalitp clataswithepitee geqdsofy

fl owmchart show ng, a hod fqr, monjtoring the.f e characteristics of

et ched MP@P@," eﬂﬁlpﬁﬁggﬁllfa%é(e&ﬁ? WoSAbTHE Sé‘%ﬁ%‘c{]ﬂﬁ%ﬁ{' of the present
invention. Figure 10 is a flowhart showi ng a nmethod for nonitoring the
feature characteristics of etched wafers, in accordance with an enbodi nent
of the present inventi cBRIBEDESGRHFION OF EHE DRAMWINGS showi ng a net hod
for nonitoring the feature characteristics of etched wafers, in accordance
wi th anm enbodi nent of the present invention. DETAILED DESCRI PTI ON OF THE

| NVENTI ON An  iThé @iitdn@ion,i ogethackinls eettied nd ediaigas tiexdaf mgy bhe tgualdetsioodfby

m croel ectronic features 10 using angularly resol ved broadband white |ight.
In the fdatfewncntp dedellowing dascrintifi FagER i paIPRCHen dVé&laFP? accompanypg UEWIRgS n
or der toh%v%y‘%]de a thorough understanding of the present invention. It wll
be apparent, however, to one skilled in the art, that the present invention
may be practi dghrev I Houin Slbsraiton ahdwiaf 4 hsystems frec chdracteteting Ithe qualitgt bler

i nstances,.  well known process steps have t been described in,detai] in
order Yotmicielgshiarie deatyres 9518%Q&?ﬂgﬁr{dh‘@hliﬂsﬁé}te@e@ﬁf’m%ﬁ%n‘fﬁbﬁl? e@a@mnho# s an

il lustratg NP WMvRgich: System 10 for characterizing the quality of
m cr oel ect%“?}%ﬁ?c mgat ll,ll’ és using broadband white light, in accordance with
one enbodi nentFigifre 2hiea grapbefit scatteesignasure of hightssgattased fromi the burfiess ofa madgt

source 12, a light detector 14, notors 16, and a .conputer controlled data
acqui si tilBﬁCCé’ﬁ‘iP?@"cﬁ’H é‘ﬁ@‘ﬁ‘%’ %%ﬂdﬂ%?“tféfhelff%sﬁg'rl%?rﬂ}lfm{rﬁe 20 |ight source 12
is well colli f 3SR 2ArapiP oPh QEHEE snitafel With kAMEE q0Alith MouARNIn aiOtdfce as
described in detail subsequently. Inuse, the collimated |ight source 12

i |1 uni tiatveish pet apotber cbogiment whflerpre@niinventign] | ght beam 22. The |ight beam
22 produced by..the light source.12.i s spect I r.oad;: -descr |

bef gr e, conve?jf:tlg‘gﬁéql ‘Sg?:ﬁfip rEREINg The Rl s ér%hfrg ograea‘gtélﬁégrs% nyS%{ﬁ*ech%g’fj red
using 25 femRaRmMR gt dduedel in deydrdgmde Wit dndmbbdirA&® bf thElpgesphiigedtionnvent i on

preferably uses a spectrally broadband |ight source, within a range of
about 200 nm tRigge@Aif an BlugEaion hewenehe fkpd Hghterrafiguigtion,Ha acprfgiswith

i1l um nat | I er, spatial information on the wafer, which
correspond gqtqlgeuréétaeeb%é%ﬁéé‘?grﬂﬁlgtures (such as details of the circuit

patterzg, is stippeéBsiedn illustrhdorsshatvirgyd fixpdodetdcidrepnfiguration, in accordance with

another aspect of the present invention;

Figure 5C is an illustration showing a variable configuration, in accordance with
another aspect of the present invention;

Figure 5D is an illustration showing a fixed-variable configuration, in accordance

25 with another aspect of the present invention;

Figure 6 is an illustration diagram showing system diagram for characterizing the
quality of microelectronic features using broadband white light, in accordance with one
embodiment of the present invention;

Figure 7 1s an illustration showing a coaxial configuration, in accordance with another

30 embodiment of the present invention;
Figure 8 is a flowchart showing a method for monitoring the feature characteristics of

etched wafers, in accordance with an embodiment of the present invention;



30 Next, the light detector 14 is used to nmeasure the intensity of |ight
scattered fromthe surface of the wafer 20. I n one enbodi nmerts, Mamha@nNg4 16
are used to sweep the incident angle 24 and scattering angle 26 about the
waf er 20. By nmoving the light source 12, the incident angle 24 between the
| i ght beam 22 and the surface of the wafer 20 can be changed. 26 March
2004 6 Simlarly, by noving the light %letector 14, the scattering angle 26
between the scattering |light beam 28 and the surface of the wafer 20 can be
changed. The m‘%tu@er 8 islfflewehactashbwirg zenietﬂnyd férencitoping ¢he Cotute darasterigtesaof

acqui sition and_scan angl e contr ol I e cogguter controlled

addi on, t
data acqaiched weﬁreﬁua@e%ﬁ%n%ﬁt%a%tﬁfﬁmbo Imegl ?étlhﬁ%eae[t PEHEPY ze 1i ght
i nt ensi ty dat Hel fefibireDdhat R risiight
ot ector 14 RefA6 R A BptRRELRRing OMARR O Md-B0HAG e Bllire Mhaltdrist
col I'i mat edett:nece\nsferseutemeommmtmth ngembtgilmelﬁ@)fiheqm&snemwmt@nb&ndt he

illumnated area 2 sse as_ tk esctt |ng 26, from
the otRer si dEBYE ih PY.Y ?}{hgté’d&i%ﬁ éé“%@o for &ponf %P%/ﬁl t% Ut % eﬂﬁggs

col |'i mat g t'ch&i\tvai%%ut&&c&%aﬁb%%ﬂﬂa@aﬁbﬂﬁheﬁmfﬂﬁcbrea‘ent @entiohan 1, and rmor e
pr ef erably, l'ess than 0.5. The rays of the |ight beam 22 are pref erably
parall el as they travel fromthe Ilght source 21 to the illumnated area 21
in order toiIIum'nat . Simlarly, the
rays of scattered |igH erably parallel

as they travelad Renidieis! dlta@ea%edh@melzzlig e qdaﬁgt bﬁhﬁcrdelt:étﬁmin’ fehfurésn
order to neasure light at 15 a single angle fromeach feature. The result

i's a nSaseingrangulagy tepeivell broabandi Ghitoighowi dih falloRing deHPHPRCRUNGPYY t he
light. In additio d
spect r al PyrabbthaateoS bfn AT BEHOE S, MrfUndERile d 0F presn

neasur emeflentia.e OLNEbAhpparddg I Hoavered teisnd gkiliehncihe anmttiac thei ghdent inppiteal |y
froma laser. The present invention preferab% uses a.20 spectral L%Wt
br oadbandnayi lgtmra%ed wdthowt some g @lloh dicspsrseliccistalan [t oherr ingtRRees ¥s1gkpwn

H Tum nat ond § épﬁwe ndtbeel! RsFHRASH  deffPHh! @ﬂdeﬂhﬂtf)totron@ﬁde szﬁﬂ¥ tdpScure iRy .
whi ch corpres on ge- scaFe structure (such as detal the circuit
patter1y) ,pr¢ssntslu{aepmeﬁsed |n t he scatter signature. Furthernore, the
illumnation area 21.is preferabl rge in or render the

Yow i3 ot G0 of
intensity neadi®¥fenisah ﬁ]é‘eﬁqétl?ri‘ VROWiHE % PG Uy Oé %'Ggﬁctef%wgmﬁhf’ HWA Phe

waf er 20.y,i-phepddbhit @ tmés gsing Bfoggba%ﬁ%hl@lzgfﬁt 9h 8&dokdansé Withidnk @Fhbblignent of
practi cal and cost effective int egration o e present invention as a
product i dhe peednt iBralidn.i Theisystan ilBnndudeas: 1izht s‘e\gm 12ianligh desetar tléy mgtors ght
becom ng ver sensitive to arti.cul ar. featur n a
particul af ¥‘F GO O t’(ély}jz‘iata f’ﬁq“ésdtc'ﬁrt pish SCaB g %Onirﬂl tl% LHn%fgt Fye déei zes
are notp aidf a@ed: abtis wWell ¢dligard rsablsaotgoae: farf@asanRbdfeindidgntemotds, as
spatial averaging on the wafer 20. Thus, 30 the illumnation area 21 is

pr ef er abldgsaibed e deipidaybsequeple aver age die size present on the wafer 20. In
this manner, t sl r as
the illumi nat |I§§S‘£{?g€a éﬁﬁat‘%ngh u(;b\%elr2 litlﬁrm'ﬁ%% aﬂ'ﬁ ﬁ%)rfétg‘eér}grb%tp&“ﬁ Qfﬁéﬂ?
i1l um natticam 22. eérlﬁlhglﬁ tmaml 23 produend HYsthoflight rsemeatllzng apacttalkyi lzzea(hn Ade
waf er . q% l\ég 2004 7 alddltlon it is desirable to average in the
scri be | 9581058 RRER R ‘t‘%‘-ﬁef&toé‘é YAUETARICIREY Bleagtiemeits, afe Feler Hé’cag Wing
sensi t by ern&x%chﬂﬁna@?éaﬁght})'tﬁﬁ@a!'l‘i%nfroﬁf aliBgrl | TH&“ﬁF@s%hP'fhv%ﬁ% %ilefcﬂaf)l thes a
illumnation area 21 were required to be placed within a die areada w thout
enconpas sipagraliyybreadbiabe lightngesircet hethpr ma;gs ofiabiet 268 1 9 6@ nirp rto meake dhd y

with dies C roces

woul d 1 nesPeisPartsal of I PRfal B fo iR AEET Mra i PR padhe,
not aver ageer, IWhlch/\Btbi'l'dipﬁﬁsrtU Rirgt-RealdrB@sitireMELh aér details bhehe Sirchip altérgSs ar e
preferably averaged in using the present invention. To acconplish this,
about oné“ﬁﬁqeﬁseéﬂ“Eh‘?éci‘tFeF'@EtPﬁeftFon area 21 is generally placed on a first
die vBd1e thenalnRe 1BAY 8oools i§Sed ol HBR!EOMART of Aol AP HoRMna
second die. Int manner a Scribe line is Included © measur enent ,
whi ch i s surfaed aff Ilhve-lafiersmallh one embodineht, nieors 16 are used to sweep the incident angle

24 and scattering angle 26 about the wafer 20. By moving the light source 12, the incident
angle 24 between the light beam 22 and the surface of the wafer 20 can be changed.



overall scatter signal recorded by the light detector. In addition, using a
large illumination area 21 results in the ratio of the portirMafchiZfed
scatter signal that is scribe line, to the portion of the scatter signa
that is actual circuit, remaining constant throughout the measuring
process. Thus, the use of a large illum nation area 21 reduces the accuracy
needed in 15 positioning the illunminat®on area 21 relative to a die on the
wafer, and therefore reduces or elimnates the need for costly inmage
recogni t Semilaiys be moving the lighirdetestor 34, tho seatteding srgle A beiwaen the séatieanglightr e 2,

a graph 50 of _a scatter sigpature,b52 of light, scattered fromthe surface of
a waf er iigalgh&ﬂﬂ‘? eﬁugfﬁ%eo(?’fgg%ggfe&\f(?ﬁang?]eo‘%lﬁggedénbodi ment of the present

i nvention. ThehsGasib@r165h@nRdhitbgedBy tif Eddgpudddontrollial ddta tabguisitiad ted echnl i ght
as a function of the 20 scattering angle. The intensjity shown is the |og of

t he i nt ensgle wowfol|18gAr additien. dheogprinuirhconeolisd deticacqpisition angggagangie control
Furt her, e, a scatteri nal e [ SUIEia6 §ioff bi bR
Car 1 A A BB by o b SHiAg Tyl i

waf er. | migadgbtddi@nad. t he scatter signature 52 of Figure 2 was created by

keepi ng the inci dent le fixed at abqut. 90 whij ing t tter]
Aol €. 25 Pr o B, 0BT (e ehePash natir reisepl Wi bl BB Fecnown
sanpl e V"%Eag{eriﬁéfgg@?%agff%' %ﬁé sid6t fdalihi¥nafld 4B 2KNOURHAMM! (e WAhehs sioul d

be i ndependent y sonme I ndependent verification neans, such as
SEM Therseafctiag anplee2ts fratt the aharsideunfothe dlluminatedearomPbr Prefasabbie teoMghlbved t o

th tter. sigpat 52 of the k | . Fi 3] h 60
of o sQacpbimafhasPuts 13 et fF cEPIHCP R E5 BELitG 288 more pisder T B e
Wi th anoiRer +@Em ol TR oi‘(}ﬁe iigﬁbﬂeaﬁsz@%e bRY&RbIY ParaliTha kthe:wﬁ@l&l Gy 1Rt

statistically established by observing variations in known acceptabl e wafer
sanpl es. stimee Pdstol the iiBummingiet apfa gLian order ho dhsingd cvabyofeatush of thel wafer thte

scatter signatur 2 of the.known  sa er...qf 0 uality, rch
3004 & TRERBasIBRaTS o i O FGRER TREPHF Wi i N RRREAHE plstcruvly ol O
the scat t8hncSitBRaf 6rR tRA1IAMiRdA&! HBOINSHRETLE dbRIcRIT 14 liA oftlel W MESumAlEK a5
scatter signature falls within the quality bounds 64, there is a good

i ndi cats arsinglaanglhfomadach faaturef Thotsgulyisa measuremengeaihe distributien g hew each

br oadban Iti l%hheso%rv(‘;,@1 ha%ghtn the present invention, nmakes it nuch easier
to interpraPTRERESIRLL &/ "light data. Figure 4 is a graph 80 show ng the
scatter signatiprgldi®npihcalighthbdad' ptddgbdd Bpuighe saurde d2sis adpterallyi igoad.urss 84

of a nonochromatic |ight source. The scatter signature 82 and 84 of th
respect i vct@sermﬁtwewpwgm copyeRtiaRah SRIEHEGHIR JRsAsBIvEERE 3¢ gsneRby megtodre ¢ he
anpl i tud r (e ti 1 slefhshangdse; The
i nt ensi tsu S%OI&IAQ&?C?%%%EI l%'t’ot? 91![3 %lga §8HL| Jn#l gﬁsi% I(S)}ttzse?l?gh‘?ﬁ@:a teerg)d?f rosm t he
sur f acz ahpedthll ywabaiband higltddintce om gnsaresthatcbberemy lengh of tfe idcident plyminkadn t o

the surface of the.wafer, while a scatteri.n le.af 90 is rnmal to the
surface df Sbefk ey mapkery WAt aBRPEO L AbYE YHE SOUR SrrsOactrREsIHE the
monochr ongubard (sGEH asSRUAK Bf t%@iﬁ@@ﬁat%rﬂﬁis%%%@&e@ almhedcddyr dphdiract i on
effects fromthe diffraction of the top and bottom 15 of features | ocated

on the wafer. Hirhemnarpethe diumingtionoancoBlds preferably denge da oder ¢o rendprethe tlight
mpor t ant MEARme e ieheitat it Ml SRNRSIhE R b e At AE PRk 27
he backar e S anal caueed By the f et os on t o vat et These orgnal
osci | at i 1BHENLIoRIAS 4 wgqumi% &cﬁ-t?h 22Weh i%wm%ﬂﬁ'%orfderaﬁs eetﬂhraatl?n;aﬁ& %Tgeredzight ;

etermn : E : gﬁ‘h@[tili i1 gqaual, pds
very di f?%égu %I%f %ﬁ@fe%@e, ttie purs'llé entéﬁlzﬁveﬁ%t |ri§)sn\%ﬂlrjses"rﬂrgroagbanél %rél gfént
Itihght ]Eo iﬂuxlmfnmﬁﬁa afelgéls@ﬁadéﬁoq,nhmm dhit tﬁnfaaalrx:ssidesbye hcftrageragcxtaqnﬁ. features on

e wafer. 0 e borne in m a e.present invention ers

measur ement s ol SESUATE [ GG G RaPES B e ST B BROT TOMEEER) FBs
speci abo t @8 ilRheich 4042 PAJrEENB1ySeh @S ofder 8Pthe hiRthid die kRe piddtRIOBMERS @hicpn Of
the measurenment in terns of analytical diffraction nodels. The conplexity
of the pailternshisnmanres] thei fepwgrsawithinethe cillvmination dieeas 21 Hlosnefpghapge tes the
ntent i ondryhdish FeaL R Tabue B ePure AR PleERP b IREM R R B0
i |1 um nat fesnthaipSCB R b atpeatnponiesite @f the Mageri nvention is the discovery that
measurenents nmade in accordance with the discl osed nethod and apparatus 30
are sufficiently sensitive and reproduci ble so as to reveal changes in etch
characteristics of practical inportance. Referring next to Figures SA-SD,
illustrations are presented show ng various configurations of the present
invention. Figure SAis an illustration showing a fixed |ight



26 March 2004 9 configuration 100, in accordance with one aspect of the
present invention. The fixed light configuration 100 incl udeX Match@bo4
detector 110 and a light source 112. In the fixed light configuration 100,
the light source 112 is fixed at a constant incident angle 114 throughout

t he detection process. The light detector 110 is then swept through a
serious of scatter angles 5 116 to capfure the scattered |ight data.
Preferably, the detector is swept fromabout -70 to +70, one scattered

| i ght neasur emendditied, igis Masimbieoo azemape scthe senbedings dbetwvken thei djes en BB waderan
illustration showing a fixed detector confi uratro dé"toﬁ i.n accordgf vvrth

anot her 28pakerwise Ehﬁé’r?ﬁeé%Er?Fnﬁlw{Fe‘ﬁ’t B FrackRiacement P lurpatog #ea

102 i ncl lfﬁeﬁl#]ﬁllﬁdtﬂjﬁtar&eﬁﬁ%t:fcrreéﬂi%datﬂqneapladcghﬁltlﬁl@'drdi@aﬂa&%lthbﬁt éﬂlﬁmfph%ﬂ%
detector configuration 1 ght 10 detector 110 is fixed at a
const ant asy atriterlirepgthe piotesstwouddi b btited Hier whe oakyt Wish d]@ﬁ ot e predetprpined §ire-

1 h f h
i ot Tl PerE Rl sy En e, YD e RS Hhes” AR Ruath, BeY B 2

0 (nor malscfii HM ¢ hbEERrakd illavouwd eontupt ARE msedikdmdred Thughte seitgUIRIBRE
bei ng made for each incident angl e 114. Figure SCis an illustration

showi ng @refenabbtsiveragesin wingathe pi¢serpanveptiotaccor dance with 15 anot her aspect

of the pr esentT N hsﬁnhls &%u}é&%ll%}ﬁl qef ﬁr? Elfuhﬁﬁgtﬁ')h' ) 2]1(% ]gk&%lgd[?l&eﬂ C’

detector 110 ar(l)dal oer sourc e var e conf’l gur

bot h t he firbighé, vilfileafié @ﬂleﬂﬁ&t@ﬁld‘f theeildrhightiors @i 2e islflZcedron asweqid dlhohgfhlsa
series of angles, varying both the incident angle 114 and the scatter, angle
116. PiOefregnapy glscrtbetlwew@druri%tn t%meé%lf%m@tat%@glaetaefelaarelarsglaﬁwemoﬂf &
about O I 0, at I i ng
20 made Tarthach s e bRER iy M Hep R AGE helidftion, ke TRARLIRIERITE

i ght neasda Hnesdltsiis tmﬂaobbrheqmcﬂmn ofcthel srattemsigyad tial 46 msbwbhet te detposicat t er
angle 116. In yet another enbodi ment,. one scattere asurenent is

nme
Tmde T or b st Gusial g1 PERSAT GREYL FHHETRS SOTg O RIGH a VERRITHe
i nci dent angle Tihs apd &Ea&t Erlargggllﬁmi]n]aﬁoﬁkabﬂ Véduced theFh@MFRy el an
illustration show ng a fixed-variable configuration 106, in accordance 25
Wi t h aftotpoeitioamgebe 11him1n$te)nparecs ahrelativeetntd din onTthe waforeend, theie&dst geduces or

f 10 d ght detect { 112, and
beam op! ciarse i BRENT imelkrh i Sees S BerbA bR e Tgnt

detector 110 aqfiﬂmhg%ekﬂtgmlguﬁ@lzrs%mj%oa@fea @Aﬁata%ﬂmuglsz@m%h { @aiérbd #ogd es,
varying both the incident an and the scatter angle I116. Preferably,

bot h t he th¢ ghmfa®o@ﬁ & evaderdist ﬂ@wetne@t:wdmce \@Vhepnothtrrofml@ﬂsbtmnt qlothe presegt  one

d li
onever . BHTERE o SORE SBVE S oant Do e s EOAul AT O e fpdie
the ingd demterimgginglel IPheaincknsitRblicayn Rt eogldfbthe Sntkeyity afdipgt acuitesid fof.the 26

March 2004 10 Fi %re 6A is an illustratjon di Z)gram show ng ﬁyStf@edl a ram
200 for cHHrercPile ¥4+ Rethsgapic 9 seattering pagle Xt o perallddp jhe sur

br oadband, iy thile!s gs@ébterlr% agreoafcb@ﬂqsenmmoom@ samddfrrﬁmvaf& tlﬁ‘ﬁddlﬁ@r? R

i nvention. The system di agr 200 includes a top view 202 of the system a
si de vi ewcmm scgnatuh@%yéF@ure(iFmgsmeaGB)by kzeping ther iopidenti apgleXp@dot abdg 96y st em
5 (Figure 6 mincludes a well collimted |ight source 210
attached Y% aﬂé%‘r}%*&y&?‘ 3g3M8lEnd a |ight detector 214 attached to a

detectog ar m Qhbferdoly, tResdaRESsighiald 5t hefifkpbleaRd 36 RdodvitfihflE Qafieloehed arm
216 are npvabl e about a wafer 220. In use, the source arm 212 is used to

move t he qualit Bugeabity ob thekmown: sampleavefer shauld &¢ andegendgntly Nerifirst e some ar m
216 t .d I . 1
A dvalntsagzgge eﬂdg]r? \Q%n%lpzﬁlo rﬁpans Oc\ﬁmts%EI\% g]f‘l%l?& e tﬂg X@%‘g Ellgglgtggegaogl féltuéff‘

movi ng theaﬂetsgﬁiy lmanq:ﬁreﬁfhﬁ tl@eb@utttertsl'g&raﬁlw SﬂcﬂhokndmsM@IGWaMO whi | e
keepi ng the l']%ht detector 214 at a fixed angle to the surface of the wafer

200, and vi ce N8V 1507 2fapbafbeled seHisT sigpatus 6% vathorstptsdhaualisy bavnds £y atn 200
i's capabl £coldahRVing A%mar tehﬁ,ohin%r 0P QL &gesgﬁ@m@aqlohhem %ﬁﬂ%@%@r bglset

si mul taneously about the surface of the , elther at a fixe
angl e or watisticalhbéstabdiShesk bys@bsawgge/arﬂﬂm mtl\_tmvmpwqaahls vodferFsagnples. 6 The

provi des 2sddl Fsaa[ se egquzﬁ}t)? fboun se(:qlo ove arrr% Forvrlr,rlﬁc scatter signature 62 of the known

sample wafer of good quality.



scattered light fromthe surface of the wafer 220. Referring next to Figure
7, a coaxial configuration 300 is shown, in accordance w th ZinMerch@4ent
of the present invention. The coaxial configuration 300 includes a |ight
source 302, a light detector 304, a beam sputter 306, a collimtor 308, a
rotatable mrror 310, 20 and a notor 312 attached to the rotatable mrror
310. The coaxial configuration 300 is 8sed to gather scatter data fromthe
surface of a wafer 314 without the need to nove the actual |ight source 302
or the |ight dateeftor s8gwr dignabpes af i fohwre |wafers mepvisl sompapd tthethei gpatier

source 302 through.the beam splitter 306 to the,coll] I:

col | i mat ENAHE &?%‘ﬁm Kagih SHTPIF Ry IF? Slﬁvret%%% % %’Ca’[&%f{’%é%%%“f?ﬁ%sz@%% at abl e
mrror 3%19a1it§>moﬁhusr &f 1RGt $s & ?é‘od_ in@ftatib® AN chef wara ishe goud fgasiety ofin tabiditivaf er
314. T he rotatable mrror 3I0 is capable of being rotated about an axis
utilizi ngsinge troadbandlight sgireecastindhe presani BIventiny, makest @ych eagipils) 1Bteget
rotatir})g bout a@ .a%[ids the mrror 310 is used to direct the light beam

acr oss °t h¥ ¥ales gg e wafer 314. In this manner, the |ight source 302
and the |ight rgairestios gﬁgﬂSUBHOWiﬁgﬂidhcsﬁatslgnﬂ@rqSMd ewhitd”| lighbsdung: adlae t o
gather scattered light 30 data at varying incident angles and scattering
angl es. Teatter pignefues §4a0fi emenerheomatic lighyreursoufhescatier dgnptyre JRang ot Ot thsr 304
have powe l.d » ' r ' : t

mer case ERe Bty Rt ioUfe e BRRRRom ANk RGeS PRl Auc M
26 Mar ch sgdifdfedllight s adflintiiamnof theescataabnigadngteo NTheyintaisity sh30 isalhk dog of ke use

of one collimtor. 308. Both the |light beam and fhe scatter si.gnal tr I
over ¢ b JBERGIGRLiERLSCalIgER Gromh e SR g (hcyaleh Inrddpions scautriip angle pEFFe
for the [ r | f &4 uffa@pti c
For the dolpp e O B e R o Rl e
304. In tdiitle wafemnner, the two di vergences are automatically matched. In
addition, to achjeve i gher signal -to-noise.ratio and cancel .0 dar k
currents and dthif gﬁ?}?_qué %F(I’]‘%S Fiegite s S ‘"e%éb‘?%yth‘éﬁlbodlﬁg 05?’8% lﬁﬁi $9UEH ar
frequencync &g wiat @»@fnlge Badssd bl atEfranaNTRRs M iR diffaktidd SOMERGYardboieke use

of the equival ent of phase-1ocked | oop. Figure 8 is a flowhart show ng a

met hodi54Q0 féaturesionatedon thg wafer. fSiateithe topGind hatierooé thiedtatarss Gfe..dhe plel dopther s,
in accordance w th an .embqdi nent_  of e present.invention. lIn.an.initial
oner ot oS v bt Bof TiELR mat fincted,Me BETREM isyd! B imyPhentdhafiishilic b

i ncl ude RREBRAIGAAIG WedsBlenel. ThE BéeNEE mBRsthesmidtcNght hesuaieveryllbrgd signied
angl e operation 404, a well collimted |light source optical angle is fixed.

The col | ioseillatdonsiigippsesiowon shobrckgramnd pighd causedjbydbe featusespinethe meaferi ld@sangl e
with the f . e i r | S jd 1 an
area on thgeprehRhaESie [k i FAE ERu Bl S fierkindioh STWRBE: 0
di rect2oy thé bignataat falls hethisadhe quslity fbaards ety difflcule cThetefold, wind prasent ihventiaf er
surface using a mrror, In addition, the |ight beam produced by |ight

sour ce igisgﬁ)g&aﬂa«'r%%%au.h% oy Ui elhe HBR G CImIQTE %mt%wi by large-scale
scatt er onelieleY ole@SWies are generally performed using nonochromatic 20
light, typically froma |aser. The present invention preferably uses a
spectral |y br dashymhdibé beyine is oumdhat the pedsenttiheentioh gaiders andasyrgnianig fontaghial
incident illum n?ti og: shorti. lI n tihi S _nmanner., cha?ti fill i.nf or matééon on the

waf er, WHTSHFE SEFEYp SIREEHGNFIACAUCraREEy uFep SReqA dest (ieh 284 PAUGTHS Y 250 ¢ he
Circui 25 paipRfynhe int&pewioh®s SRdnkduichRnt Bk ofindlyatl deffrabtidd REALRr The t he
illumnation area is preferably |arge to render the light intensity 25
measur enePleNiy i dhe paternson ‘@palt ineeraficd cisonistrprdersuhisanpraas imaraeical| fp

addi tion, Sl Ze: .of .S I fi i .
attect i vanf RraEHpTE by AR BRtdckof B e TRebliiy AEbrE e B BB

i |1 um natovena dargasren a@sing broadbirdikillandaidtioned denghl congoaeitng tve invesdasistthve to
parti cul ar. featuLes illumnated ip a r illumnation area, with the

articul
changes i HS¥EY Ml BESUEEmEDEs made,ip %ﬁ?grfdaa@d‘vﬁ@tthe flisclpscdyaethpd gpd apparpay e a

reasongdl e deGIcRSN e SRl Ald RYRKIBADIR%03R BNeddIB MREES in b Sharkd&istics of
illumnation area is preferably on the order of the average die size
present cr_natttiﬁ@l wepfogango the distribution of features within the

11 umi nation aggg;49e5eRCle FGNES RsbMSubdllThN A eBhEd URwIRY SSheUE"

configurations of the present invention. Figure 5A is an illustration showing a fixed light



26 March 2004 12 In addition, it is desirable to average in the scribe

| i nes between the dies on the wafer, otherw se the process i% Memdi2)Dde to
t he exact placenent of the illumnation area. If the illum nation area were
required to be placed within a die area w thout enconpassi ng any scribe

| ines, then the process would be limted to use only with dies of a certain
size. Any 5 snmaller die in such a process would incorporate scribe lines in
t he measurenment, and thus corrupt the nmeasurenment. Thus, the scribe |ines
are pref epafduyatzonet(iy éd acoordesica withhepspet of thenpresent arvention. adbo fiped diBht hi s,

about half of the [llunnatiqn, area is neral ly place n [ =R
whi | e thé%fﬂgi’éﬁ‘“o&omq bRt b liaf BEeibR 15 3R 3 igh RafieFd120 18 she W Bfi .
In this BAARN @ Foos Gt Bt lsbiRe 1132 i kIR Edhstah@intRRAVARIENTS thihighbut S a
relatively s ?I portion of the overall scatter signal recorded by the

| i ght detiiecdatectioprovgssa Therdight détecion HAkis henawept theygh g serionstoh scatigt arglest t he

t detiscdo erlght détbalos Db Senamest ey . i
Coat t op Sgriaranfiy F sodlefiherh o, e Abha 4o kiR FRahER 0 2

measur i Ng.7p¢, QGE SuttertAUht MbMHuttnnObeifg hRd@torichdhitanatangle 1a6ea reduces the
accuracy needed i nﬁﬁom tioning the ilTumnation area 15 relative to a die

on the waf er, Figwe fRds et diustratianshewingra fixgdgaieaiacophgiralion 1z in ageagslance
recognition syste f i 1 i i 40N e B t-hat.]

oper at ort gt FoskCoriht pHERThIcARaPOFhe Y ke dE8hemllich (RRGLNS
t he waf enighPa@t@onbl(yand héight @htcei B2wehlthe fikéd deteor sunfigutatian 10Rethe dight er ed
light rays traveling fromone side of the_ illum rl%t%aﬂ?a ea .areﬁﬁ%ral

|t
the scH wdstester 130 ds fixed, al 3 gepstang arasior ppgle dif dhproughoy SHREUPT PIHERat lge 0
. AS Wi j ld the; d
?ir gﬁt tr cﬁght Eo&r?\i ]ﬂi gmheﬁ %Weﬁ?thob@f Iays',eﬂgg oflfi ﬂ%ﬁpﬁngﬂy%ylﬂefoe%y _tﬁhem%ﬁﬁki ere

e er surface dire or indirectl¥ using a mrror.
deci si on anglet Heefcrabtie tiesligln sodret ivesweph froghateoa @ a0 ndat @ (hasndd ée thegattaer ed

to create a good scatter sjgnature of the wafer, in a.decision ration
408. |If O durgelenapteecairir B R ATGH g}géaaieé%?aégff&l nhefsde iﬁ‘g_t ter
signature of tﬁ%rg\@tqg ’alrlltilli't?str'ﬂﬁ&rh%w‘m@a Q%&Hl@@&ﬁig‘ﬁkﬂﬁnaﬁkaiﬂ RBEHINde Reith

operation 410. enough scatter data has not been gathered to create a
good statanethes iagpeat of ¢heopresdne imesnéon. tThe vastahlsdconfiguratinn i 19daoclufesha dight ep

operation, 412. |f eno scat t at.a has, .not been. [ ta.creat ood

scatter <SICfoiar L}Ilé aB‘? a T%E‘ RERC rl,%t Eﬂékh&é’ﬁg%ﬁ% 0 f'%llmgloggbg f‘é(’gﬁ gﬁqug“ ﬁ%@gﬁgxt

det ect i on1aNGli&he 1iBhtescRk@PLIQRRE ahvbRNthdieh. a IdiRs lof dhtledl elapGi®bothsh@iRi®nabl y

swept though a series of scatter ag:?l es to capture the scattered 30 |ight
T

dat a for apgkatlidnand: the ssaier pagle dilgn direferablyt, beHethadizht soupgcepnsd | dptectosare
d i - 7 0 ' i
etector s'wsepF \H%B‘lt al];c[gll?rﬁbah%gﬂal t\?m. t@ﬁtsgrfége to ’fOc"’ glgc*z %(éaglgxt%g I ?\ﬁ?easv%rgﬁeﬁt' lgé?ﬁ%l

detector Ts“prererably nove not or at conmput er contr
Syst ened Gnife0fdi ef-habatae auglaties.c i amlikdrieatbobitiang@ine sbetteredAGehVareasur&fd id 3

desired detection angle and the actual detection angle. After the detector
angl e i s BidppeeErchipddiriepga 1Ades Well epdiusatisuanglelie. &ayﬁéppﬁar IperdmeRin

406. In %e%gﬁie)féd ﬁglﬁQﬁé(f@%ﬂ;Hﬂt%nt‘lil%adE 6 &Rh MGG §ﬁ§£ ¢4 oflRt arHeSorBRhnAEd-

The scatter data 1s use he present invention to create a scatter
si gnat ur el iBdretwdra thaimeideniTingk kKdant ecatter gnpde Urtemby bavarkd. used for nultiple

purposes. First., t scatter signature nmay, be.used as an e | e of . the
scatter si gnafl{}g‘ér.egﬁ lﬁaRﬁ@ aé@% O&G%?F@XM réﬁlﬂ'.?e Wgﬁ%?gg‘??&%ﬂ&cﬁ?ﬁ%e good
qual i t ¥s5 Waftie hndtBeri JRtRP BNGIE Prds¥ntMfventibR d THY fire iiblel @aiBiEen 1661maluass SEM
Second, the scatter signature may be used to create quality bounds to

create anlightvdstesins Wi oh lisblusenscgddd edhii hopmnaplitier skdat ¢ &r the dixad-wadable
Third, t h&nﬁﬁ%hgﬁ 166,%% %eeliémyde%%to(quﬁ%'ﬁﬁqhé Rgﬁths%uiscgaltltzearre swept though a
series of angles, varying both the incident angle 114 and the scatter angle 116. Preferably,

both the light source and the detector are swept from about -70° to +70°, one scattered light

30 measurement being made for each incident angle 116. However, unlike the variable
configuration 104, the offset angle between the incident angle 114 and scatter angle 116 is

kept constant at a 0°,



10 signature of a good quality wafer to determ ne the quali of the
current wafer. Preferably, this conparison is made using qué¥ MarahdQhdis
created by statistical analysis of good quality wafers. If the scatter
signature of the current wafer is within the quality bounds, the current
waf er may be considered to be of good quality. Finally, the analysis result
may be used to assist in further proceé ing of the wafer or 15 dies, in
operation 414. This further processing may include usin the uality

i nformati on t &Figwe PACHS ap hBUSéltatlml digepand slayang systere digggar 0 dpo tqr@lﬂg

perform ghtg r

moni tori M n% il‘f?é‘%fi Ecrqgel% tar ac ?“?%r‘?sé‘{sé &M@éﬁ vvawq‘ggg i a?ﬁ}rgég%%?‘aglné:@ with
anot her empodimERnbf aie prbenpnﬁsﬁttm mMesystenﬂdlagmamo ictuides aopeviaw 202 &2,
preprocess operations are_performed. Prepr ocesswi1 er at i 8@(?5 g)cl ude
prepar i ngheasxaignbra idh vievcHingy, th system (Figey $1k 2 F‘efF nt vVigvy Qt: eYrR
operati 500 I [ m

dor eot &d T RAR6D; TE s 5 AR 3Ryl G APAIE Sultk pEd auithed B £l o

travel i ngm,rmm 4 hightodesecsirdd 4afttattied thlal demdotoatapah 24i6e aFwthermere abdiblthe spurdee

scattered rag raveling fro he oth ide of,t illum nated area. As
di scussed‘”&t%éé dfah‘féJ Eﬂ‘.@ﬂﬂ?ﬁéé‘?dﬁlo r?E[f %BFté’c‘P’affhgi)scat tered light from 25
the wafer surfiage did &fﬁ}éeyarmoilﬂ 1§@bécﬁt%tﬂ1¥veutﬁk 'ﬂghtasoﬁ}derﬂ[] .abDethe wiafer 220.

gat hering operation S06, a well | i mat ed t source illumnates the
surface Gimilmyvhé detecindamhals Sglkﬁbdd@nwmlne lgghthbtegtor Bé4§b@l!tttb¢ a@far |2@ﬂt

data. The, col]i mat | i ource I ns rede ned
angl e W t‘ﬂHftaHté‘ Sy .»ﬂgﬂﬁ)pgrgﬁl SEF?\‘@H I?@’h# PQ(? h(@ﬁatfjggd Ovm tlth it
an area Qpufiche16ubdAER Rifab6f thaaifer 228, \dhﬂi&k’@§ﬂ@ tRORYR detcb@r 394 hi ghiked

source may directly illumnate the waf er surface, or fndi rectly illum nate
t he waf eranglgrip dbeswificagt ghemvaﬂebBOO RNE VégeasTsp, Kusiiermeypy the appaspls skt Hat ed

such t hat the cat t dll t t have

i 11 uni nat® &Y By é%g%“r‘?bg gﬁ 0? H]§ b%xh{ %h'fdJ r%ggegﬂ ragge lﬁr)éght ??%%0{ %1e4
ot her si d@nultadi@oldy muza%uﬂfﬂc@eﬁf thhazafdr 12007 gimkest Bfieal offsst mdldot hearlidbipht
source, the light detector may detect the scattered | ight fromthe wafer

surf acts diffseicangle, Thws, theipprasatis of kiguig 6proNidescrereat fegrgeipf fresdom Maneasyigg heam
produced dyiud S U BE sl TSR Ghiky2 Ry 0ad. As described anove,

convent i ona eronetery neasures are generally perfornmed using

nonochr omati c }%&férrlggmextttysmlg&h I7y a commalaohfigwationTB@) isrshewny ini acv@dancerwith
preferably uses a spectrally broadband_|ight source ta coherence

| engt h ofdNt HRPGAWRERfeRf the| RIERFRH HEvEROTs hgh‘? coptial #f gﬁléiﬂﬂg%sslag\tlfi% Tight

i nf or mat i @ PREB %1%’@%@&@01"@0&'& HRQRIBARGTIR, 4 ColliRhF 3683 Bt oo such
as details of the cuit pattern), s suppressed in the scatter signature.
Fur t he2thrond .2 mbier 312 attdohed toothe a@teablesrnpmeﬁé@ albhy cbmrge:onbguretm&ll& isaistd ght
|ntenS|ty 10 t|v to.re tion

vt or | Yo St Fauer TR i BROHRtebs UE e yfebt B ifft e B LRy et Do

cost effq@ﬁy@utd‘[}mj’r&hd Bght @kietide3@r.esent invention as a productl on tool.
Smal |l illum nation areas result in the scattered |light becom n

sensi tive to VRiOPRragantlight trayels &amythe dight souree 37 thequah thfhb%amaﬁ Plistsr 95@&1 ar
i1l um nat e v It
is desi ragf)e 1“%%6%%%?@%%2@%&@%% t 'Fﬁez‘é llgﬂg efgﬁ%epgnglﬁﬁggggoﬁﬁé

waf er . 25T hromabldminirdrl 30G; mtqhanﬂartsemellghptoezilﬁirfadﬁhyh@surfahe obridewafef 310 & he
average di e size. pr nt on he waf er so the distrihution of features

W th o t OIS Rt TS SirRlecRie meget aiqdahgut AN BIRAITG fhe TROPD A Br S
noved oveke E‘(ﬂ@taﬁ\l@frﬁl'iror ki ?sd@i'pﬁlﬁl@ ¢ rdthtigSavdgshd #AL Gnd MiAYES ROR vsld t\GreRET | be
| i nes between t dies on the wafer, otherw se the process is sensitive to
the ex actthplhghfebﬁem acopsstthesurfacenf thetwaer 3idealn this ménecr@hd lighhshurae B and ea

were requir ced within di e f hout, e assi

oot e 1 hEind fuRSoRa@iCsay thily Rofiohd AR g U8 SABRE Reallersf e
cert ai 8o sdaz€at \Aayng mhdeer aniflé&s dnd sSMEing aREIes €T his WO B sihabld GHcP HeAlight S6Urtde
lines in the neasurenent, and thus corrupt the neasurenent. Thus, the

scribe |i3fRsandlighpdaiecior}ldhaxy epwerepplicsueqolige remuigmenisnand; ailjas systems that

would increase the complexity of the system if they are required to be movable.




25 To acconplish this, about half of the illumnation area is generally
placed on a first die, while the other portion of the ill uni%aMpwh280%a is
pl aced on a second die. In this manner a scribe line is included in the
measurenent, which is a relatively small portion of the overall scatter
signal recorded by the Iight detector. Using a large illumnnation area 1
results in the ratio of the portion of'the scatter signal that is scribe

line to the portion of the scatter sjgnal 30 that is_actual, ci rgéétt
remai ni ng condn additiem thruepaaial confisuriias 3PP plows Hreiss of epg eollimpier Bpthy

| arge il lum. Lon LAac ' We)al

11 o nat TIPS P8R 80 87 AN SRl R PERIRF LIRS InhaBCL I B RINRE, o
el i m nat ggrst fiea bead fb@icd fagR ligtagrelingom thy stafers3 fMoand kéoonil pati tolescopic

posi ti oni ng. 26 March 2004 15 A decision_is _then e as to et her .
enough se@abie &or Warsatitasipebiayiinadray ovalealsa 1 ‘%ﬁg&ts%éetchrg@i gﬁ’a‘thﬁfr e of
the vafery, bl thedfs i aRRRLahk BRIy hicRAoUGh scatter data has been

gatheresdngo cfeate a Qo scatter signature of the wafer, the nethod S00
conti nues wi t tin addidom|ty athhgveop bighti Hgnabi®noikd raginengd lvasshputedarki gurzentgagndn ot

b th dt . ) 5 t i t f th f th t hod
200, cont ioRise @Oty e Jieh is Prefeaily cieret 5 prignaubraLos « She Bufions At
been gat hes&dodif b ¢l @reatlJ&Q?‘tjo HaRd L RTof cot@lvlent Of a priase-yeked loo

he
i1lum nat ?on Incident angle I's stepped tot he next incident _angFe, in a
st ep oper ati ofigi@. 8 Tiseal figiwchast shewings apmetimdadD e proniteringyHhe fatures of

i ncident angles wt scattered |ight neasurenent. made.at e 4 nei.dent
angl o1t BERssof sfupT BpleE, ihatobRine R IR dh RGBS A pERER) IS
light soypcs irfitifVeRkatlonOMBDRHErodls topenition Le (pREFOITMd. t Préfiecesyirdpantiond t he
waf er). As described above, the light source is preferably noved with a

not or at tindéadpreparingcionget r cibingr d1d eighingthe 319r ovi de an accurate

correl ati on between t desi i, U mat | I t he. ac o
“Tlumination dhd (PRI SRR ol B %"%ﬁﬁﬂgﬁ‘ggﬁts&@ ép%?&?‘ I is fivedy 500
cont i nuesThai dolliramed Night gairdecoptiegl aipds & fised JOO predibtetmined anglalwiti theopsferat i on
S10, the gathered scatter data is analyzed. The scatter data is used py the
pr esent® isHfas: | Bit Mgt spwse & her piaditerllanmateiagy e of therfwriges ef the Y- statter
i gnat ur e &ARH GHYIE dnt HanfTWilre ey PHIRAT ShamfrifeSihe FAIEr SGRIck cor HigaRALLT €
may be used as an eXarrpI§ of ‘the scatter sighature of a known good qudlity
waf er. PriBimimbl tie wafee skefoenmsggadnigwal ity wafer is i ndependently verified

by anot her techni que, su s SEM , Second,. the scatter .20 signatyre . be
dsed Lo or eat dnUd Py BeHdERoTduEd BY B ERYE SpwerBroutnas dpsahed
qual i ty vREGE, SndtidtRhaSdcatabmMeRPy mENufd, ard g&le%@_tﬁe?fbnﬁétgﬁﬁﬁg‘hﬁnﬂ@%oﬂ@tic
conpared to the scatter signature of a good quality wafer to determ ne the
qual i t80 dight,Hgpicaliy &am addser. . The pfesenibihyentiphipseferablyauses arspeciratisideoadbpmd
qual ity hounds created tatistical anal.ysis |t fers, |If
The. st (R SPupft A MY AT 1l B AAS Ayt Biea il b,

t he curr ephtiad Inforh&ion@ythd &vataNshibhrodttespdnbetcabrog aodle Giradtiley (such agldetdils t he
anal ysis result may be used to assist in further processing of the wafer or
di es, in dps dfquypatea), igpprestdindie sSAlkE SEBAME- may i ncl ude using t he
quality infor i r b chi I i :

process is pe ;%ﬂrh%ﬂ?fgg’agﬁ gglﬁltrngtcti@ﬁ Ié?%au{rgeﬂ%%pi{bgf zﬁ?T 6‘3&%‘}6@?{ tﬁseyhg%}?]%ltggg t hod
600 f 025 noedstement inteasiftieatareatB didposiddérewitBini the waferetlo hdditinaf elasge spot

accordance with an egﬁod' ment ‘gf{l t&e{gﬁ)r&sent nventi on In an.initial

oper at i orP 0TS PPLLEEe BRsheH Paho elliilive fitrgrationpldhs Bresy iRySBHOR Pohs

i nclude pred@iibR%A. BRfaANIGRnaGSCRtAdes BN 1R &Bitd8d li%ﬁ bBdRing veFy @déltild on,
initial predeterm ned angles are set for a collimted |ight Source and a

| i ght dettedesiculandeatiresiiioguented e pasriatiariboninsdomed.avith e chianges isfratuce and
| i ght detgctor irectly ill.um nate and gather ta fromthe, wafer.
surface. S g B ARty b MEbR F Ry Rt Sneb i Ruisk oG iebing, ¢ ne
li ght s®uwiceeivafepeThusatteyilibmaadon Afcadepfirbifld oaehe bRier 00 eeViciagdate size
scatteronet er?/ nmeasures are generally 1iperfor med usi ng nonochromatic |ight,
5 typi calPgsent §hthe wpddrso the ddigributian off frakies; wihir be aHuminatipr ascagdoes not

spectral léﬁaﬁ%@%qﬂgnﬂ”ﬂihﬂg’?’tﬁ&%%VE@O{}@K& W€, coherence | ength of the

i nci dent | mnation s In thi's manner, spatial information on the
waf er, which corresponds to | arge-scale structures (such as details of the

circuit pattern), is suppressed in the scatter signature.



Furthernore, the illumnation area is preferably large to render the |ight
intensity 10 nmeasurenents insensitive to relative die positiZMaichR0the
wafer. In addition, a |large spot size greatly sinplifies the practical and
cost effective integration of the present invention as a production tool.
Small illum nation areas result in the scattered |ight becom ng very
sensitive to which particular featuresl&are illunmnated in that particul ar

illumnation area, with changes in feature sizes not being averaﬁ;ed %)ut. It
i s desirabl e tmaddilien,at is desiwhlep averagy wehescribs dmpnbetwseibe disgiondho watere

wafer. Thus, the illumnation.area,is e | t

aver age 8?1&}‘&5‘2211%]35?8%& lsgﬁn?%‘ge ﬁo/a%hgrexgét élﬁéﬁgﬂ:ln}s/to??%%p ﬁlgﬁﬁgﬁ; % %g%'ulrigéhe

Wi thin t hgyhinhter BRhivie 26@Ared a8 benslicedhainige @dietdiea iithumi aebinpassargeanyi s
nmoved over the wafer. In addition, it is desirable to average.in. the scribe
li nes betsodtenlinasethen she praceshavanlg be limiied do whcsenly rrathydigs 854 cPrlail sizei e t o
t he exact acenent t i ] I r Iy ! leRAta) rea
were r SquPLg 06 Bevfl aghieli PRy &R ings B Ik URTICAE ol Mo

scri be |icaggpt thhakafhenmpitoqdes, thosdribe imes areirefdrably avsmgodilinyusing thedirgseniof a
certain size. Any smaller die in such a process would incorporate scribe

| i nes i nW¥@UARasurement, and thus corrupt the neasurenent. Thus, the
scribe Iines ﬁroea&%ﬁhﬁﬁﬂttﬁ?sya naged qisiRgicn e LR8Il PLREI bRR. firdh To
acconpl i sh thi's, abott half of the illumnation area’is %er_lerally pl aced on
a first diie whikitheothbrepwmtitreof the iltunpinatidn aréeeisipldcadron atspenmdalie alnj tisphawed on
a second die, |.n thi nner a scribe line is included in the sur nt,
b ch 18 acriby lvs trdngu R e e Bbisimesy WS e BivelE el Johdh TR Gy
by the ligghter Q?gtnﬁpPeQBrdefiJ%?'rlﬁe Hghdd&tdrl | UsThpatl@p iRG@mali6s dich Jedulistifehg at i o
of the portionof the scafter signal that is scribe line, to the portion of
t he scat tretio of gmalortBm eftthe s¢astensiguaithatis sanibe ling cleghpergor oh sheassattarwigiabhout

t he measufin rqcess, Thus, the u of .a rae. || ] ' r es
the ncourbty HBEdatorh Bt esA EnG ool MRS BN Pl 2 oSBT
on the WahRE . illamehatibR ed0FeRlubRItS efec@icE hkddedalnepositiimedd llaminatiagearca
recognition systens for illumnation positioning. 26 March 2004 17 In a

gat her Imgelope 4@ iaodieoom the [eaferi ghd theselore reduresnPin gtiminatas the diged nfof fmage
surface of the.wafer . N or gathers light scattered from
Che (11 uresogrmiod g‘%‘?‘g%gép‘r’e}?%|‘§m’?sﬁ®nﬁﬁu%' ht is well collimated such that

t he scat ][ far fadtNéxtg,Eitn 4 gm?%rﬁﬁgaglﬁiritn:@ 406leligme dst}ecter gftﬁm’adight bmnm@:jedtfmin '?il’l]@a5
1 | uh natseeiogs Shihe prebT oPEIPGOI e iebieealoolonpieg Siah it R cal e ISk e
scat ter eqrflv'eﬁ{%ﬁefrfﬁyoﬁletsfd%:?? kN ufnfRRIORE: Stk gﬁaﬂél tb BR dchteid Nt BGhvHng o ©
parallel tot scattered rays traveling fromthe other side of the

i |1 umi e;ttbel otheeside Af thedllsmomateidsir¢ah ehs withl éhealight sowhatthehighyriistegtor suaytdedact dat a

h b h i .of th fer, i
doci ot on psreraeBoRom e wiist ot AFtal oMM SisBaabiya nor oo 1o

create a good gGieéitigh isStheiaiabé 8s @f whdier\wabgth schtfe damtHaode tKe@éd fonddese Wi t h
an anal yzing operation 608. If enough scatter data has not been gathered to

create a fyeed ssetgrisegnagiry pbithe melet inhdedipgrepperation 408t Hbenwigh sedisf dafadss wi t h
a step sour r.aLi 6 I I t t ed
o"cr bat s EaRRLTL RRl"EPood fcafWALBEBE A€l PGPS0 REHRBEE O O
angl e ps & eppethg opdritonneXt  Ifrabagntcaaagdas hisna etegatertdae cdcopgoad i on

610. The light source_ is preferably swept though a series of |ncident

angl es vvi%cﬁg%f sigratirepie Ma&ﬁttﬁmg%}d%ﬁf’n%%%gp SSUPPPeRUPHANt angle to
create the scaftgpy %ﬂfx“&ﬁa Wﬁs B&ebe‘é’ﬁfg%fhere%rt%fﬁéﬁé)g&{od §O@e! ki@'@&ttm%odfrt e1s
swept from about O hormal to the surface to 70. As descri bed above, the

| i ght souweler.ithe getedier aigleyis strppell (i théy nextrsteotiomengie hed step apeatiopdd 2r The

control systemto provide an accurate cor.relation between the desired
Pt nat Y Sakifos RS A SIS TR R HOREF o ik G e-BR SfeeS ke HRoifded,,
detect g0 p@frAtd R cBhiing thesAtesiERuRNg] Be wafdG! empPREAVIY thhdctoenst isd&iet i on
angle. The light detector is preferably swept though a series of scatter

angl es t offepbgre—10Rdo $EQt t A depcribgghaboyat the fight dateciariip graferably daeved with a
signature fer. r , 5 Or | 0Oto
270, he. Pl et €l colpBlef Bt sy iR (EHARACk b RP g iR RO 0
may be varied to create the wafer scatter signature. As with the |ight
source, the light detector is preferably noved with a notor attached to a
conputer control systemto provide an accurate correlation between the
desired detection angle and the actual detection angle. After the detector
angle is stepped, the nethod 600 continues with another gathering operation
604. 30 In an anal ysis operation 608, the gathered scatter data is

—— o . . o, oy - - - v . o



26 March 2004 18 wafer is independently verified by another techni que, such
as SEM Second, the scatter signature may be used to create HuMaichy084unds
to create an envel ope whi ch bounds good quality wafer scatter signatures.
Third, the scatter signature may be conpared to the scatter signature of a
good quality wafer to determne the quality of the current wafer.
Preferably, 5 this conparison is made ¥#%ing quality bounds created by
statistical analysis of good quality wafers. If the scatter signature of

t he cur r dntiredafetectiomangle midithe hefugjuigicction trglm ddfter the detesteergleds PEPPiiicne

considered to of ..good . lity..Finall: e analysis result may be used
to assi st‘nq'ﬂ?f)df‘ﬁﬁt%@?‘%ﬁrs%%g? ﬁ@m%rfngtq")gra\}\lé?ép&or dies, in operation 6l4.
This further pfeg8assdigofBimionnoude gdtheftd stiter duralis hnatyzel oMh@kdanmr doa 10
correct the etching process, or verify the process is _performn

as
desi r ed. uFédyer e plesery invemtionimereate 8 seilichygratprsdorghe vofsrs & lsrﬁﬁﬁle?é%gflﬁﬁmt he
feature characterd sti eq. r [ N | Lirent
of 1 he ot Bhe VL HTRIE by St Sl R BB B e on
are perf gidvBehttePsigpitoResfSa kpewatgood ualitg |weder. pPefaablpgtha keatvar gdodrquatityhi ng,
and etchi ng} the wafer. Furthernmore, initial a 15 pr egﬁé(frlrbci ner@ a]?gl e is set
for a colWalsratsclgdencgentlyoyariied fyganpther Jrghnifuie e Syl as ePSHNG, the,ycatier

col | i mat ggl, i r | r Aleldpd WhRH Whhaeko@Ngl e
from eactﬁé n%ﬁg%ha?ﬂ}éa%gflﬁﬁgﬁ%ahtgH%algﬁ)gﬁdgatﬂgeﬁ%tfgﬁ Sr eﬁ‘gg ably set at é% in
or der t o quaktytvdessagerayigraoses. ofhibhtthe $datted sigrature oayde compatddghtthelecagiet or .
As di scussed above, the |jght source and Jight. detector may direct.l

1 G e b Repd Gty Magid KE crae b Graise BT B iRyl PRty
using a Mhik Bnpakdn 8 endd WingRRAMYIARHUC &HaBY b isBifikti@0 UhAsid 8f BRRC ALY ¥
broad. As desclibed bef or e, conventional scatteronetery neasures are

gener al | ywafenss df thedcattsit signatureoetthe garrénd wafeyts withypibe agupjity fhogndsa theagysient The
present inventi O@ greferﬁt%lx Uﬁesda sgtectral | y broadband |ight source to
make t he WOHSPENRLCInsSted 10 P PHECQG SNt i 11 umination short. In this
manner, spati alindIRf HemhivoR r@nltthe, MRERE to Whisth AvtheespoRdnglod thawger scal e
structures (such as details 25 of the circuit pattern), is _su_p%)ress_ed in

t he sct tdigs, i1 epraationet 14 khih Birther processiagi mayinEiNge ReiRg dicetialily ipFamatianfa,

| arge to ren [ [ ' 'y ' Lkive to relative
di e posi tclogrﬁa\?\nﬁ? %t?ﬁm% R%\%\%f gli‘?e?'lq%maéd%? %?%lﬁ%gggﬁtngpggég%gk El'si ze greatly
sinplifies theigirachi tala oo charstshehipcta wetholt S00afdromoditolifg the efsemte

invention as a production tool. Small jllum nation areas . result in the
scat t er edhpiagististisscefnfisbed, dia{ers eispacpidanego with sethen omhodiment £ heRERES are

i1 um natgd.didnt hgt L 41C 1ol m?p%t, iond 1D RRBRRES iPRedi&RLUr €
si zes notlﬁ é’:“gﬁ Z@e?‘ggggﬂo?ﬂeﬂtﬁ"? %dsg e i?%gﬁ gﬁtﬁgm%dgv&er Jﬁ r easonabl rdegree
of spa2l alpesiensigichige prepates avwhater forEiakeng, tketchihg theneafeon area i s

preferably on the_.order of the ayera Mar ch. 2004 .19 di e, si esent
on°the wa er d8 & FECHRSET OBEETSh 01 1 BabtfSectt SmichT SHele 1 M nts Bho e ea
does not dhanddight idWel tollitaiedautiOhaihe citRrdiOVEM r&N efavEIg Merhehe oddlside

addition, it is desirable to average in the scribe |ines between the dies

on the waffdhe ilbmpaptgf secatane ppplidlde dhe scaersd iraysveaveling Femethg othepisleateht  of

the ill uqlﬁﬁma?e% da%ae AAs Idﬁscﬁ:{%ﬁ% g?éJe' HU DAL aQBeiBf %ﬁy \ﬁ@tregtb%]g%gt{e?e% lﬁﬂ% E%tnhe

placed within a die area W ehco SsSIng any- scri I'I'nes,
pr ocesss whelhdfdpeuifacwidirecklyt, or itslirean) ysing 4 irtbres of a certain size. Any

smaller die in _such a process would incorporate scribe lines jn the
measur enent, anditt Hu@ SRHCFRSOPFRECRPES P é'YFilnF‘?"”T‘HGQ, hﬁei‘ﬁé"%r@? ilfeminaise dheyy o

pr ef er abl éﬁrﬁk«!@&ﬁ%%z}@r W1 09 (1R dRE &L Bhthd SR daRBred l%gﬁaa@?%mohﬁﬂ?xg&“ S,

about half of the illumnation area is generally plac on a first

whi | e t hlight seyrcpoptidabanglé begins atl 4 preiletemiioed smgiawith thi wofed sorfaca. Shedimht di e.
In this manner. scribe . Jine is included in the nmeasurepent, whjch is, a

ol at 1 vel JuEidr e S itPriplecn it o e stedscf BT GRET “Refbpusdel vt ans
light getiagh Gourcklshaig ditedtBr JRiniihdte! The) Mafe@Bush@R of GEE&kdAYI Muinlifid el Rafef the
portion of the scatter signal that is scribe line, to tﬁe portion of the
scatter SYUFIES USIBE @ MR s actual circuit, remai ning constant throughout the
MBAsUr i Ng Pr OCESE bl e li%lﬂ.?s H&?ﬁminﬁ}eh%ﬁ&?&hhﬂ tll'uL‘,l g&a’?t%feﬁq{égﬁaggtr%@e%ﬁ%3?011% he
accuracy needed I n positioning the iTlumnation area relfati've to a>die on

t he waf erqneasidt dfhibe #funtiratedarea e prarallel ionthe atasreldhieysesdlif® fromn@other side
recognition systens for illum nation positioning.



In a gathering operation 704, the light source illumnates and area the
surface of the 20 wafer and the |ight detector gathers |ight2tsMatahel08d from
the illum nated area. Preferably, the light is well collimted such that
the scattered light rays traveling fromone side of the illum nated area
are parallel to the scattered rays traveling fromthe other side of the
illuminated area. A decision is then nmb#le as to whether enough scatter data

has been gathered to create 25 a good scatter signature of the wafer, in a
deci si on ofpler dluimmtdDaea.l Aseridutia lgbhsaueee, thet light dstegior may Setser &g sedickideat e

a good scatter sjgnature.of the wafer, the nmethod 700 continues with an
anal yzi né‘%bﬁ?’&ttbgwagég‘frchfa dgﬁcgl}(gﬂr lélgg?(ft@rusal§taarg 58S’ not been gat hered to
create a good j56adili6f, thé Hg{ﬂtvéaﬁ pRdducBebyEfRIsouichés pRttRal bEOA. cantiésotibal Wi t h
a step source operation 710. If enough scatter data has not been gathered

to creat ebavgysouventiandl seatisrgyneteiyrmeaspres e Fmeiglly deriopmed pying, mopaghreRatic

i nci de angl e .a he detectipn I [ t in a
st ep squriBlorupals bR ABNE | TR R JuRaloR bRy b pSpltiitlly HithBand | B
bet ween tifpat bduddtt toSAMeCEe abitbréree 1éngghbf wWe tmidont illvarinitivn shons taitis mannet hod

700. 26 March 2004 20 Moreover, the light source and |ight de{ﬁect or, are
pr ef er ablspatiaképformaiisugtn the saforewhish carginendsforlares-sealg sirustargs (Sughas details
measur ene e. each_ jncj t. I . te the scatter signature of
t he waf erogtﬂﬁ@% %t%?tg’/r,%it]#e@ﬁeg%{a lgg{t}%ggnetégﬁﬁ?tlﬁgeht detector are swept from
about 70 to +7{QrthAenddestiiilleaimkbionr areat Beprkiegibly Savpe o ranldr theghghtdiateasityor

are preferably noved 5 with nptors _attached, o copputer .caontrol systemto
provi d& dRcHBienERiSdn¥asifise it r%wvséitl%%%ﬂ%‘élt@'@stﬁ? Balery 1 AAGIEPR Ghiazgrepot
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the metho nues W th another gathering operation 704. In an
anal ysi s prpduciibh tool.7 88wl tithenigatidrearedh resditindhe statitered bghifaryming verhrensitisg t er

data is used. the present inventiaogn to.create a.gcatter signature for the
vafor . Thpo ek ptelrlt G e HEunen b nELE G i Ringfln BB ongf] ;|

the scat tigre 81, @NMet n6t FRYg BRraRaGuSItaNdQKabPe e hdfe 4 RasaBletdREred o Bpdtidl e of
a known good quality wafer. Preferably, the known good quality wafer is

i ndepehaleavetagingam the ecfay Thnstthe illumio#ongues is preferably oEthe osist ohthe ayerage
cnvel ope. VGRESEREL G S0 qadle TRk FurYClees OUE e R BLARR oY dopr o
scatter sSidioRinge Qs MRYIDAIBAIPHCE D hovddiResthatagr.
In addition, it is desirable to average in the scribe lines between the dies on the wafer,
otherwise the process is sensitive to the exact placement of the illumination area. If the
20 illumination area were required to be placed within a die area without encompassing any
scribe lines, then the process would be limited to use only with dies of a certain size. Any
smaller die in such a process would incorporate scribe lines in the measurement, and thus
corrupt the measurement. Thus, the scribe lines are preferably averaged in using the present
invention.
25 To accomplish this, about half of the illumination area is generally placed on a first
die, while the other portion of the illumination area is placed on a second die. In this manner
a scribe line is included in the measurement, which is a relatively small portion of the overall
scatter signal recorded by the light detector. Using a large illumination area 1 results in the
ratio of the portion of the scatter signal that is scribe line to the portion of the scatter signal
30 that is actual circuit remaining constant throughout the measuring process. Thus, the use of a
large illumination area reduces the accuracy needed in positioning the illumination area
relative to a die on the wafer, and therefore reduces or eliminates the need for image

recognition systems for illumination positioning.



15 signature of a good quality wafer to determ ne the quali of the
current wafer. Preferably, this conparison is nmade using quai/ YOB&Q%S
created by statistical analysis of good quality wafers. If the scatter
signature of the current wafer is within the quality bounds, the current
waf er may be considered to be of good quality. Finally, the analysis result
may be used to assist in further proce§§| ng of the wafer or 20 dies,
operation 614. This further processing may include u |n the lit
i nformation taé dwisiens thapamadecasitpgvhsthse erdyigh seatigp Aatp Jlag H@@gsm Céate
performn S a n
Porms. of RS0ty Erumiay e haf RSBtk G ERLb SO0 TH ‘%%?ét ey Lt hd
per mut at iRs gatﬁtﬂéd &ftrewalagiviod sedtiee bignatyref afl the wiafeln) the trh:dmslcﬁﬁ)@e:ooﬂnuela ivgth
invention. It should also be noted that there are rrané E grnatlve 25 4Nay
URHP is
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i ncludi'ng a tera pernmutations, and equivalents as fall
within the trUEemmgh|st:at&n«lamdmpaootbeen@tlpredsen:reatena/gmd satier sig@iwhof the2004
21 What is clai for nmonjtor feature characteristics
of ot chedvles Bresumismiod kst 18t sieaRqtDRLLR reidE Rt el RGSERPFEN (31)

of a fi r%ﬁzht §rn %t)uréétlk ﬁt@féﬂaglyasvttbghlwgmlséﬁd@&ifeﬁbldienghﬁ glePWitEQ sCdtred

wherein lig omt i ght source (12) that is incident on the
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oscill ations 10 caused by large scale structures of the first wafer
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e
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per f or i ng ondn@n apgsis QPfFfé\l\ﬁ’Ih Up phsr Sthesrekscalbea day 1rapyd y4 _ |Satﬁeﬁ§?t?ﬁ§
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at many inci es an ormng t measuri ng operation at first
scatteri ngnadogisead fod rmtﬂaplh pafpokére Elrm;ntiesrtattamggxmure mayZﬁ ysed ﬁmmmgnplhef
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light ( Zn%" fﬁrt \9%%? gca%tgr éllgrlla"ftﬁ?eg atl'ﬁ‘i'id ahe gcagt%rl glgﬁ%t%r”%%t f)engd @a@éq ﬁ)nlﬁ!: %?att%ﬂ t

perform o ensi
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many scatterl ng angl es; preparing a scatter signature (52) corre ondl ng to
the firstthifegostpayise is made using quafitysheyngs Greated ) statistienl jaaalyss &f gpeadhauality
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Finally, the analysis result may be used to assist in further processing of the wafer or
dies, in operation 514. This further processing may include using the quality information to
correct the etching process, or verify that the process is performing as desired.
Figure 10 is a flowchart showing a method 600 for monitoring the feature
30 characteristics of etched wafers, in accordance with an embodiment of the present invention.
In an initial operation 602, preprocess operation are performed. Preprocess operations

include preparing a wafer for etching, and etching the wafer. In addition, initial

predetermined angles are set for a collimated light source and a light detector. As discussed



angl es; and 26 March 2004 22 conparing the scatter signature (52) of the
first wafer (20) with a known scatter signature (52) of a sedoarchafes

(20). 2. Anmethod as recited in claiml, wherein the illumnating operation
provides 5 the light source (12) as a source of broadband nulti-spectral

l'i ght (22) having a range of about 200nmto 900 nm 3. A nethod as recited
in claim1, wherein the illumnating oferation illunminates the first wafer
(20) so that the size of the illum nated area (121)_ has a val ue on the order
of the 1l@bsvezeheokighirsounceeaddighndejectarcmpy direetlic Hiyatnale apdgather Eﬁttaak%ﬁh% 20) .
4. A nmethod as recited in.claim.3, in a large scale structure of the
first wa er(sﬁfﬁ‘ce’l’grgo%ﬂlgdgﬁcﬁyﬁgmﬁa\r’@?{o\?\hfer (20), and the value of the
size of the i HihmohRtath Soeaceldd)thd ghitRowrce trupectfallyrbrediouds desciitesidefdran 50%
of the size of the average die to about the size 15 of the ayerage die. 5.
A met hod casventiondl sgatianometgnmeasuigseareishuarpidy periqyaed Using @P?‘E%‘f(ﬂ? i© lighly e

first fer. 0) conprise [, . ' r ' hinat ed
oy ehe S RETARCARETRL 35T BREbishith RS, Beb 2SR rbgashd e
i |1 uni natsggrct he rhdkesihe Woheendc2Rhgthooft thatintidientsitlamimation sgo20 Inl thisninaanesd

area (21) has a value within a range from aboyt an_average Vv I ue of .t.he
size of tsheiditfoBPAtioRONSH)e RS, Yﬂmcg [YerTeSPPRYS ‘\‘R/jf‘rgF SeppfUY “IS%&HF 8?189%]251 f of
the average, vl thftertlﬂ?s &1&)51%8&& in the scatter signature.
Furthermore, the illumination area is preferably large to render the light intensity
10 measurements insensitive to relative die position within the wafer. In addition, a large spot
size greatly simplifies the practical and cost effective integration of the present invention as a
production tool. Small illumination areas result in the scattered light becoming very sensitive
to which particular features are illuminated in that particular illumination area, with changes
in feature sizes not being averaged out. It is desirable to have a reasonable degree of spatial
15 averaging on the wafer. Thus, the illumination area is preferably on the order of the average
die size present on the wafer so the distribution of features within the illumination area does
not change as the illumination area is moved over the wafer.
In addition, it is desirable to average in the scribe lines between the dies on the wafer,
otherwise the process is sensitive to the exact placement of the illumination area. If the
20 illumination area were required to be placed within a die area without encompassing any
scribe lines, then the process would be limited to use only with dies of a certain size. Any
smaller die in such a process would incorporate scribe lines in the measurement, and thus
corrupt the measurement. Thus, the scribe lines are preferably averaged in using the present
invention.
25 To accomplish this, about haif of the illumination area is generally placed on a first
die, while the other portion of the illumination area is placed on a second die. In this manner
a scribe line is included in the measurement, which is a relatively small portion of the overall
scatter signal recorded by the light detector. Using a large illumination area results in the
ratio of the portion of the scatter signal that is scribe line, to the portion of the scatter signal
30 that is actual circuit, remaining constant throughout the measuring process. Thus, the use of a
large illumination area reduces the accuracy needed in positioning the illumination area
relative to a die on the wafer, and therefore reduces or eliminates the need for image

recognition systems for illumination positioning.



the die on the surface of the first wafer (20). 6. A nethod as recited in
claim5, wherein the illuminating operation places 25 about %rdaighi200bf t he
illumnated area (21) on a first of the plurality of die and places the

ot her about one-half of the illum nated area (21) on a second of the
plurality of die. 7. A nethod as recited in claim1, wherein during the

i lluminating operation the incident litht (22) is directed onto the

illum nated area (21) at nmany incident angles, and 30 wherein the incident
angl es are i nlt heathargeomsatindiid, the dighhsaurgegllaminaes a8 aregron; the syikace ot thy 70

Bt e e e e PR P AT DAL L

scat t er egi by QMybliSoliirh48d RAHE thap iRAsdaddsed Afght heysf irsvelingetfem o2 Oidd ef the
measur ed §t many scattering angles in the range of about -70 to, +70 to a

surface dllurhinetedadres ares paralldl tretlvoscasierederays dm@veling frammibe ofhsesidencliths ng

the third, performng ration there s '

particul éu‘PIPWEFQéﬁ?a' aﬂ%&éa&ﬁ’d&gé}ﬁﬁ &t Wﬁlé%gﬁfé‘f%‘ggd %?ﬁﬁ&tn@?tﬁ%\%égkge recited in
claim9, tﬁ@f@él'ir@ forh d8e Eildx 8€inefifl@Rinaied ata atdpakdile]l Anthappateatduays waveliogiror i ng
feature characteristics of etched wafers, conprising: a broadband

col | i mat dbe dtheprridesefithe Blupnpgiedgiedinged to il luminate an area (21) of a
f f first .waf | ' '
e 2 Al R BB e gyl

(22) that is rom-t surface to formscattere
light (28)goo8Wekitek Rihature dthie sk iaraadbcisighdpefatiBh 606 cilf imupbrsittendaedabhy

| arge scale structures of the wafer, are suppressed; a |ight detector .(14)
ar r ang¥d been gathered ( ereale 4 good sgatfer éwpatﬂ“wﬁﬁﬁwégﬁﬁt the, p}eébo%(é%copﬁpueéﬁ’a arly

scanni ng a%%%ﬁx?@éﬁﬁﬁ%ﬁ%& dole [ProadnaRdidMtald naPRAEHeal ghthered 1bemmie(2gdodnd

the scattere W th respect to the feature Characteristics of the
20 first semfeesighdt)e sfahd tvafer tthemeibghb0d eorsmey with 4 ptegsoerce gpatation G16k
generating a SI% g‘ltlgu?gtil S%Eilt err] tatlfirh%s g}th %ec%fgaghr%?edf tiorc?cjgatf\:/v{ai1 fggcr)d gcza?tz',f sigl?a(?ure of the
wafer, the illumination incident angle is stepped to the next incident angle, in a step source
15 operation 610. The light source is preferably swept though a series of incident angles with a
scattered light measurement made at each incident angle to create the scatter signature of the
wafer. Preferably, the light source is swept from about 0° normal to the surface to 70°. As
described above, the light source is preferably moved with a motor attached to a computer
control system to provide an accurate correlation between the desired illumination angle and
20 the actual illumination angle.

Next, in a step detector operation 612, the detector angle is stepped to the next
detection angle. The light detector is preferably swept though a series of scatter angles to
capture the scattered light data for creating the scatter signature of the wafer. Preferably, the
detector is swept from about -70° to +70°. The offset angle between the light source and the

25 light detector may be varied to create the wafer scatter signature. As with the light source,
the light detector is preferably moved with a motor attached to a computer control system to
provide an accurate correlation between the desired detection angle and the actual detection
angle. After the detector angle is stepped, the method 600 continues with another gathering
operation 604.

30 In an analysis operation 608, the gathered scatter data is analyzed. The scatter data is
used by the present invention to create a scatter signature for the wafer. This scatter signature

can be used for multiple purposes. First, the scatter signature may be used as an example of

the scatter signature of a known good quality wafer. Preferably, the known good quality



a conputer (18) configured to conpare the scatter signature 552) %f éhe
first wafer with a known scatter signature of a second wafer M@W 28412
An apparatus as recited in claim1l, further conprising a notor (16)
responsive to the controller (18) to change an incident angle at which the
| i ght beam (22) intersects the surface of the wafer (20). 13. An apparatus
as recited in claim111, further corrpriéq‘ng a notor (16) 30 responsive to
the controller (18) to change a scattering, angl e _at jch_the light (28)
scat t er edvaferois, indepepdantly; veailied byupnoshes tBROTIGNE, FRePets %ng; Secandy, tigyscaltery

Ver oh 2004 ey AR, RRRRE SR, SRIFEEAIRE Gl b el RR R bodndbas

scale str the first wa Is a die on the first wafer (20),
and the \ahlitg vaffert dvetteisignanirest HEhitd, thinscatitresiigmtuea nag Be dompiaredao thmspattér om

about no | ess than 50% of. the_size of an average dj.e to abo the.size of
the aver &@aieof & gqefd (ﬁ%ltwﬁ?ﬁf 4% Geeruiny ghs qualyey HPH’FaFquﬁel%l",v efﬁfﬁﬁ{ﬂ‘ﬁﬁ»e
| ar ge - 2o i hli§t QREdab BnAyd o @dddtquahfy di e
on the%g(’gllrn acgltgb%)&%to? hlgﬁ}aigg g%l'ﬂ&ﬂgfﬁ%l}t?(b%?ﬁsﬁgezgg@wFcum_ ngt ed ¥)y th%d [ n%:ﬁiadeynt
| i ght beawaféR2)f tharsdatisheigeitnret dfethe cginint swafierde withi) the (quality haueds, theecufienlst

wafer (20) so that the size of the illumnated area (21) has a value within
a range f‘%“‘(g‘?ﬁlﬂﬁh% %ﬁﬁdé‘%e?%&o ABYof the size of the die on the

surface of th@iﬁéllﬁ!ﬁhevﬁﬁlﬁﬁs Q) thdy BOQUl @RRish & fur@br processimglon@r watktier of
the size of the die on the surface of the first wafer (20). 16. An

appar at usliessin eperatiod 614. clihdg farther prapessiag mayhiaclufleyhsing thgrquality) infprmatienty
about 10 correct the etching process, or verify the process is performing as desired.

Figure 11 is a flowchart showing a method 700 for monitoring the feature
characteristics of etched wafers, in accordance with an embodiment of the present invention.
In an initial operation 702, preprocess operation are performed. Preprocess operations
include preparing a wafer for etching, and etching the wafer. Furthermore, initial a

15 predetermined angle is set for a collimated light source and a light detector. Preferably, the
collimated light source and light detector are set at a fixed offset angle from each other. In
addition, the offset angle is preferably set at 0° in order to use the same optics for both the
light source and light detector. As discussed above, the light source and light detector may
directly illuminate and gather data from the wafer surface, or do so indirectly using a mitror.

20 The light beam produced by light source is spectrally broad. As described before,
conventional scatterometery measures are generally performed using monochromatic light,
typically from a laser. The present invention preferably uses a spectrally broadband light
source to make the coherence length of the incident illumination short. In this manner,
spatial information on the wafer, which corresponds to large-scale structures (such as details

25 of the circuit pattern), is suppressed in the scatter signature.

Furthermore, the illumination area is preferably large to render the light intensity
measurements insensitive to relative die position within the wafer. In addition, a large spot
size greatly simplifies the practical and cost effective integration of the present invention as a
production tool. Small illumination areas result in the scattered light becoming very sensitive

30 to which particular features are illuminated in that particular illumination area, with changes
in feature sizes not being averaged out. It is desirable to have a reasonable degree of spatial

averaging on the wafer. Thus, the illumination area is preferably on the order of the average



one-half of the illumnation area (21) on a first of the pluralit 6 die
and illum nates the other 15 about one-half of the illumi natzﬁdﬂa%%éﬁ 421)
on a second of the plurality of die. 17. A nethod for naking an integrated
circuit structure having nonitored feature characteristics, conprising the
operations of: illumnating an area (21) of a first wafer (20) utilizing a
hi ghly collinmated |ight source 20 (12)1 y directing a |ight beam (22) at an
i ncident angle onto the illum nated ar _earﬁ(§21), wherein tlﬁue l'ight beam (22)
from t he dis g preseut o therwafer g0 the shigmbmion alfedtuisy aathpnyghe [iHypinaliombareg ﬁ%“ts i s
scattered fromthe,ijl ' - scattered |light (28) at
vari ous gg{igh[aggef %Sgth%h‘lgﬂl"‘g}sl%\tﬁﬁg?@%ﬁ%v %%‘}?tﬁ% \fv?{eﬂ]m nating light (22) is
scattered from hinBtiod, livigidesitablt taearagih)tho saibellmts betweemihs adtestop thawgirscal e
structures of the wafer, which would occur, when chromatic Iiptﬂ% S
df ght

2
scat t er e@fheawise dhpprosessely; sepgdeula Hy ve plAcaoL X tgefo ﬂﬁ’l‘i‘é‘“@b"é‘t et
(28) scatf enﬁﬁlgti&{ glrpdtvpeq? 'r%#g{égriétbgg%ﬁégﬁ%f?ﬁinu‘ﬁief aréa%im@ﬁteéncb%@hs'sir%gw arly

scanni ng at l'east one o roa mufti-spectral |ight beam ( Z and
t he scat tseriedlindsgihen (RBprovdss waukd pe titnited t¢ hee dmntwithedichat actwain stzec t he
first wafer so that the 30 neasuy,n rating

operation provigdes data fo
a scat t esmajlgingie Jp Sughs9)pregess W@“lfie‘&g‘ﬂf’ a['?h%fflgﬁthélﬁ & ﬁ’fsm%afsu{eﬂgn’f”iagggﬁ'ﬂllxs/af er
(20), antamoOpSEaeEg, Smcamoaciunbeseatian seapuevipi weate
t o det er nmveatiblne quality of the feature characteristics of the first wafer
(20). 150 18. A"lr(r)eatcr(]:gr%pﬁssn trh(las? iafx%ﬂ hia{} o%ltﬁlei, mu:}lﬁhatyc\)/(x]learrgai ﬁ:generally placed on a first
die, while the other portion of the illumination area is placed on a second die. In this manner
a scribe line is included in the measurement, which is a relatively small portion of the overall
scatter signal recorded by the light detector. Using a large illumination area results in the
ratio of the portion of the scatter signal that is scribe line, to the portion of the scatter signal
15 that is actual circuit, remaining constant throughout the measuring process. Thus, the use of a
large illumination area reduces the accuracy needed in positioning the illumination area
relative to a dic on the wafer, and therefore reduces or eliminates the need for image
recognition systems for illumination positioning.
In a gathering operation 704, the light source illuminates and area the surface of the
20 wafer and the light detector gathers light scattered from the illuminated area. Preferably, the
light is well collimated such that the scattered light rays traveling from one side of the
illuminated area are parallel to the scattered rays traveling from the other side of the
illuminated area.
A decision is then made as to whether enough scatter data has been gathered to create
25 a good scatter signature of the wafer, in a decision operation 706. If enough scatter data has
been gathered to create a good scatter signature of the wafer, the method 700 continues with
an analyzing operation 708. If enough scatter data has not been gathered to create a good
scatter signature of the wafer, the method 700 continues with a step source operation 710.
If enough scatter data has not been gathered to create a good scatter signature of the
30 walfer, the illumination incident angle and the detection angle are stepped tot he next angle, in
a step source operation 710. It should be borne in mind that the offset angle between the light

source and the light detector remains constant in method 700.



t he conparing operation uses the known scatter signature (52) of the second
waf er (20) whi ch known scatter signature includes quality bodnberchr2gp4
define an envel ope of good quality scatter signatures (52), and the
conparing operation conpares the scatter signature (52) of the first wafer
(20) 10 with the quality bounds to determ ne the quality of the feature
characteristics of the first wafer (20%¢ 19. A nethod as recited in claim

| 7, wherein a | arge scale structure of the first wafer (20) is a die on_the
first wafer (2@reowendtht Hightsdunes asfd light deteeter are nreferably waph Aaugh arseHes 6f (21)
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20 dies, in operation 614. This further processing may include using the quality information to
correct the etching process, or verify the process is performing as desired.

While the present invention has been described in terms of several preferred
embodiments, there are many alterations, permutations, and equivalents which may fall
within the scope of this invention. It should also be noted that there are many alternative

25 ways of implementing the methods and apparatuses of the present invention. It is therefore
intended that the following appended claims be interpreted as including all such alterations,

permutations, and equivalents as fall within the true spirit and scope of the present invention.
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10 caused by large scale structures of the first wafer (20) are suppressed, wherein the light
sources (12) directs the incident light (22) onto the illuminated area (21) at least at one
incident angle;
measuring the intensity of the light (28) scattered from the illuminated area (21) of the
first wafer (20) at least at a first scattering angle;
15 coordinating the illuminating operation and the measuring operation by performing
one of the following operations:
performing the illuminating operation to direct the incident light (22) onto the
illuminated area (21) at many incident angles and performing the measuring operation
at the first scattering angle for ecach of the incident angles, or
20 performing the illuminating operation to direct the incident light (22) onto the
illuminated area (21) at least at the one incident angle and performing the measuring
operation to measure the intensity of the light (28) scattered from the illuminated area
(21) of the first wafer (20} at many scattering angles, or
performing the illuminating operation to direct the incident light (22) onto the
25 illuminated area (21) at many incident angles and performing the measuring operation
to measure the intensity of the light (28) scattered from the illuminated area (21) of
the first wafer (20) at many scattering angles;
preparing a scatter signature (52) corresponding to the first wafer (20), the scatter
signature (52) comprising a graph according to at least one of the following;:
30 a graph of the intensity of the scattered light (28) vs. the many incident angles,
and
a graph of the intensity of the scattered light (28) vs. the many scattering

angles; and
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4. A method as recited in claim 3, wherein a large scale structure of the first
wafer (20) is a die on the first wafer (20), and the value of the size of the illuminated area
(21) is in a range from about no less than 50% of the size of the average die to about the size

15 of the average die.

5. A method as recited in claim 1, wherein the large scale structures of the first

wafer (20) comprise a plurality of die on a surface to be illuminated by the incident light (22),
and wherein the illuminating operation illuminates the first wafer (20) so that the size of the

20 illuminated area (21) has a value within a range from about an average value of the size of the
die on the surface of the first wafer (20) to about one-half of the average value of the size of

the die on the surface of the first wafer (20).

6. A method as recited in claim 5, wherein the illuminating operation places
25 about one-half of the illuminated area (21) on a first of the plurality of die and places the

other about one-half of the illuminated area (21) on a second of the plurality of die.

7. A method as recited in claim 1, wherein during the illuminating operation the
incident light (22) is directed onto the illuminated area (21) at many incident angles, and

30 wherein the incident angles are in the range of about 0° normal to a surface of the wafer to

70° to the surface.
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10. A method as recited in claim 9, wherein the fixed offset is 0°.
10
11.  An apparatus for monitoring feature characteristics of etched wafers,
comprising:
a broadband collimated light source (12) arranged to illuminate an area (21) of a
surface of a first wafer (20} with a broadband multi-spectral light beam (22) that is scattered
15 from the illuminated surface to form scattered light (28), such that in the scattered light (18)
oscillations caused by large scale structures of the wafer are suppressed;
a light detector (14) arranged to sense the scattered light (28);
a controller (18) for angularly scanning at least one of the broadband multi-spectral
light beam (22) and the scattered light (28) with respect to the feature characteristics of the
20 first wafer (18) so that the light detector (14) detects data for generating a scatter signature
(52) of the first wafer (20); and
a computer (18) configured to compare the scatter signature (52) of the first wafer

with a known scatter signature of a second wafer (20).

25 12. An apparatus as recited in claim 11, further comprising a motor (16)
responsive to the controller (18) to change an incident angle at which the light beam (22)

intersects the surface of the wafer (20).

13, An apparatus as recited in claim 11, further comprising a motor (16)
30 responsive to the controller (18) to change a scattering angle at which the light (28) scattered

from the illuminated surface of the wafer (20) is sensed.
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one-half of the average value of the size of the die on the surface of the first wafer (20).

16.  An apparatus as recited in claim 15, wherein the light source illuminates about
one-half of the illumination area (21) on a first of the plurality of die and illuminates the other

15 about one-half of the illumination area (21) on a second of the plurality of die.

17. A method for making an integrated circuit structure having monitored feature
characteristics, comprising the operations of:
illuminating an area (21) of a first wafer (20} utilizing a highly collimated light source
20 (12) by directing a light beam (22) at an incident angle onto the illuminated area (21),
wherein the light beam (22) from the light source (12) is broadband multi-spectral light (22)
that is scattered from the illuminated area (21) to form scattered light (28) at various
scattering angles, wherein when the illuminating light (22) is scattered from the illuminated
area (21) oscillations caused by large scale structures of the wafer, which would occur when
25 monochromatic light is scattered, are suppressed;
measuring the intensity of the scattered light (28) scattered from the illuminated area
of the first wafer (20);
angularly scanning at least one of the broadband multi-spectral light beam (22) and
the scattered light (28) with respect to the feature characteristics of the first wafer so that the
30 measuring operation provides data for generating a scatter signature (52) of the feature

characteristics of the first wafer (20); and
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10 with the quality bounds to determine the quality of the feature characteristics of ‘the first

wafer (20).

19, A method as recited in claim 17,wherein a large scale structure of the first
wafer (20) is a die on the first wafer (20), and the value of the size of the illuminated area
15 (21)is in a range from about no less than 50% of the size of the average die to about the size

of the average die.

20. A method as recited in claim 17, wherein the illuminating operation directs the
light beam (22) onto the illuminated area (21) at a fixed angle (24) in the range of about 0°
20 normal to the surface to about 70° to the surface; and wherein the scanning operation scans

the scattered light (28) through a range of -70° to +70°,



