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I Ficld of the Invention

The present invention gencrally relates to metrology systems and methods.

i3 2. Diescription of the Related Ari

The following description and examples are not admitted to be prior art by virtue

of their inclusion in this section.

20 Metrology processes are performed on wafers af various points in a
semiconductor manufacturing process to determine a variety of characteristics of the
wafers such as a width of' a patterned structore on the wafer, a thickness of a film formed
on the water, and overlay of patterped stractures on one layer of the wafer with respect to
patterned structures on another layer of the wafer. Optical critical dimension (CD)

25 metrology is currently performed using either spectroscopic scatterometry or angle-
resolved scatterometry. Optical overlay metrology is performed using either imaging
methods or scatterometry-based methods (both spectroscopic and angle-resolved). Film
metrology is performed using speciroscopic cllipsometry. An example of a spectroscopic
cllipsometer is tllustrated in U.S. Patent No. 5,839,424 to Norton et al,, which is

36 wmeorporated by reference as if fully set forth herein.



30i ncorporated by reference as if fully set forth herein. WO

2011/ 028807PCT/ US2010/ 047539 How- ever, the currently used netrol ogy
met hods dwecanilnessiabove have a nunber of di sadvant ages. PE@rUSexamwisa9
currently optical CD netrology nmethods are limted to |arger grating target
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illumnation spot in the wafer plane is |ess than 10-6 of the peak
irradiance of the center of the spot. In addition, the netrology system
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portion of the collected scattered tlght The netrology system al so

: R T HE NG
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through the field stop and to generate output respon3|ve to the detected

scattered |light such that the grating.target is nmeasured by the netrol ogy
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One embodiment relates to a metrology system. The metrology system includes a
light source configured to produce a diffraction-limtted light beam. The metrology
system also mcludes an apodizer configured to shape the light beam in the entrance pupil

20 of Humnation optics in such a way that the irradiance farther than 1.5 microns from the
center of an tlumination spot in the wafer plane is less than 10_6 of the peak trradiance of
the center of the spot. In addition, the metrology system includes optical elements
configured to direct the diffraction-limited light beam from the apodizer to the
ilurmnation spot on a grating target on a water and to collect scattered light from the

25 grating target. The metrology system further includes a field stop configured to reject a
portion of the collected scattered Hight. The wetrology system also inchudes a detector
configured to detect the scattered light that passes through the field stop and to generate
output responsive to the detected scattered light such that the grating target is measured
by the metrology system using scatterometry. In addition, the metrology system inchudes

36 a computer system configured to determine a characteristic of the grating target using the

output. The metrology system may be further configured as described herein.



output. The netrol ogy system may be further configured as described herein.

WO 2011/ 028807PCT/ US2010/ 047539 Anot her enbodi ment relates to a

met r ol ogywoebhadssoThe netrol ogy nmet hod i ncl udes shapi ngPaT/US2010/047539
diffraction-limted Iight beamin the entrance pupil of illum nation optics
in such a way that the irradiance farther than 1.5 mcrons fromthe center
of an illumnation -6 . spot in the wafer plane is | ess than 10 of the
peak i adi ance of the center of the spot. The netrol ogy nethod al so includes
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drawi ngs in which: is a schematic diagramillustrating a
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30specific i I en reof are exanple I'n "dramnngs
and wi Il beh¥e:20dd/ 82880raReT. té@@i@;lﬁé@&?@ﬁ@u
i5 Each of the steps of the method described above mway be perforrued as described

further herein. The method described above may include any other step(s} of any other
method{s) described herein. The method described above may be performed using any of

the systems described herein.

20 BRIEY DESCRIPTION OF THE DRAWINGS

Further advantages of the present invention will become apparent to those skilled
i the art with the benefit of the following detailed description of the preferred

erabodiruents and upon refereuce to the accorapanying drawings 1o which:

25
Fig. 1 is a schematic diagram illustrating a side view of an embodiment of a
metrology systen.
While the invention 1s susceptible to various modifications and alternative forms,
30 spectfic embodiments thereof are shown by way of example in the drawings and will be



described herein in detail. The drawi ngs may not be to scale. It should be
under st ood, however, that the drawi ngs and detail ed description thereto are
not i ntemstodotim2Bsomi t the invention to the particul ar fecmuesioloesed, but
on the contrary; the intention is to cover all nodifications, equivalents
and alternatives falling within the spirit and scope of the present

i nvention as defined by the appended cl ai ns, DETAI LED DESCRI PTI ON OF THE
PREFERRED NTS T ng.now to the draw ngs,, i ted ,that the
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devi ce produ{{Lon and rel ted é ons @ﬁvarjpu ,netr?logy t asks
descri bed f&®ft %‘“e%““ﬁér‘fﬂ}“ﬁa °Bh aﬁ‘é‘ﬁ 1?%“\}%?1 Ptk ogr of the

sem conduct 9£@§Hm{%k@h%@d@%wd%%&¥ &P&aﬁ&ﬁh as |ithography and etch, In
some enbodlnents the nmetrol ogy systens described herein may be |ntegrated
into a seniconductor fabrication system such as a I|thography systemor an

etch system or gy qf hS{ pRShAMAR! ofl 18K MPFRIRSS ;RIAITSINYS o oo
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integrated into the senlconductor fabrication system such that the

nmet rol ogy system can neasure the wafer and determ ne a characteristic of
t he waf er duHluimmmgepwoéﬂaAbaWGQQStpemk@ﬂhﬁdlﬂﬁgmhés welfderwipio tchle. In
sem conductor . f cat i on. syst el d/ or a ste after tep, or
et wedh ot apieufrabe St lR bt oS ShEEn B R R E il dahlte: or
fabr'Cat'0Qn&%§&ﬁ§&%&&ﬁQH&c@&ﬁﬁQ@%hﬁgwthe wafer from the sem conduct or
fabrication system(i.e., while the wafer is disposed within the

sem conduct or fabrlcatlon systen). Exanples of how the netrol ogy system nmay
be integrated into a semconductor fabrication s temare described and
Tl ustrated i n GHIOHTS BURGH-C: & o PRFSIHES NG B, S04 5U9I%s L aeY (6 al.
which is i ReRERRLBLEH DY if8lRIENCE A8 sbdichildoYore@tich OFddlehe! 8ldNe1a3Q

i85 applications. The various metrology tasks described further herein can be performed n

i3 Ar: Am’;

various phases of semiconductor or related device production such as hthography and
etch, In some embodiments, the metrology systems described heretn may be utegrated
into a semiconductor fabrication system such as a lithography system or an etch system
or any other system that alters the wafer physically, chemically, or mechanically in some
26 manner. The metrology systenm may be integrated into the semiconductor fabrication
system such that the metrology system can measure the wafer and determine a
characteristic of the wafer during 4 step of a process performed on the wafer by the
sermiconductor fabrication system and/or before a siep, after a stop, or between steps of a

process performed ou the wafer by the semiconductor fabrication systern without

25 removing the water from the semicouductor fabrication system (i.e., while the water is
disposed within the semiconductor fabrication system). Examples of how the metrology
system may be integrated into a semiconductor fabrication system are described and
ittustrated in commeonly owned U.S. Patent No. 6,891,627 to Levy et al,, which is
incorporated by reference as if fully set forth herein.
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WD 2011/ 028807PCT/ US2010/ 047539 Fig. 1 illustrates one enbodi nent of the
nmetrol ogy system The netrol ogy systemincludes a |ight source configured
t o producwoaodiRisoacti on-limted |ight beam In one enbedirnsnadio/outses | i ght
source includes a |l aser and a single-node fiber. In this manner, the

illum nati on beam nmay be generated by using a | aser through a single-node

fi ber as the source For exanple, as shown in Fig. 1, light source 8 may
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an ul travi 6P & FEANY G EFIURHOY Y édi} ‘*b“ ‘}fg‘ SFLGRT VR ﬁ gt S8t reE such
as the EQ 1000, thakel %16 QORLELA dcRVRl fluﬁmﬁn,fcw@ e%;ﬁﬁ&rfg&w Qg %cilepﬁk 99Y,
Inc., Wbburn, MaSsachusetts, a supereontinuum | aser (broad and | aser) “such

as the Koh@naﬁtwg¢$aIhohgﬁrwuaﬁMy%ayaﬁmabwﬁﬁﬁavngonMTmQWUBthgﬁ(Iﬂc
Mor ganvil | e, me conbi reo ource may
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sone cases |3hy), &Q@yh&qnanﬁﬁﬁ;g@mw@n@ﬁse@tcermaata@ﬁac@kx% T W e Bed The

met r ol ogy systen1nay al'so include a fast feedback to the Iight “source for
stab|I|2|n@wﬁh@hgﬁwemcaanWaveh@mgnm leFThaycleagth{f)sedbacksibe Wwheldnigdht) osour ce
may be confi ure

B 20§ net udad e sBearS BFveant it daRo SRS P TreS B oty g faTide o

entrance puplbaRk shildbumifatsa@n: QRLISS WikeIUEhs@riaYn LAk idifgunagdh ance
farther than 1.5 mcrons fromthe center of an illumnation spot in the

waf er iol anerd gripes Ssehdnvendight @iurtﬁh@mb@amﬁiii@délﬁ%ﬁ@éibommue neenlabke t he
spot . may i ncl ude

o zor 10 BB SRR RN ek he vt nlSar sty dlBe SRt VET DY bosn

generat ed Byrohlgnliilght) SOMELRe KUR@M@NQ@&@FHM@M&@@&Q@@M@'ﬂ?tﬁﬁddiI'l the
soi | lum nation pupil of the netrol ogy system APodlzatlon can be generally
def i ned as Photonics Inc., Morganville, New Jersey, or some combination thereof. The light source

may also be configured to provide light having sufficient brightness, which in some cases
. 2 o
20 may be a brightness greater than about 1 W/{nm cm Sr). The metrology systermn may
also include a fast feedback to the light source for stabilizing its power and wavcelength.

The fast feedback to the light source may be configured as described further herein.

The metrology system also includes an apodizer configared to shape the light
25 beam in the entrance pupil of illumination optics in such a way that the irradiance farther
than 1.5 microns from the center of an illumination spot in the wafer plane 1s less than
10_6 of the peak trradiance of the center of the spot. For example, as shown in Fig. 1, the
metrology system may include apodizer 16 positioned in the path of the diffraction-
limited light beam generated by the light source. The apodizer may be positioned in the

30 ilfumination pupil of the metrology system. Apodization can be generally defined as



WO 2011/ 028807PCT/ US2010/ 047539 altering the light distribution in the
entrance pupil of an optical system(e.g., using a mask to alter the

anpl i t udewendiignsphase of the illum nation beam therebycthmsegiongsthe
intensity profile of the illumnation beam In the present case, the

apodi zer is configured to reduce irradiance in the "tails" of the

illum nation spot (e.g., portions of the illumnnation spot greater than 1.5
m crons fr0ﬂéthe center. of the. i Iuninationasgot) to less -6, than 10 of

the peak i PHEARRHESLPhEPEBYIPRUUEE Ay aive Pebl 8ot &ies] Yikr Eoht bmaratiign.
el uding_sueR:an. ARAALAST:d: SIS HELE ol 00K SHSLLND ﬁ@&éwéﬂ%ﬁgang%@! nis one
at” may I 'y "smal

of the features t enabl’e netrology on relatrvely” ~grating
targets. 10Thesuygtebkadyhesyistemtiibabtier i thelpudest @pd, itcatpodlzenerpsfigured

configured to direct the |ight beamfromthe apodizer to the jllumnation
spot on a ¢ HPRY TGSt f#}gat%f é%aﬁg‘mf‘é‘a%%]~Pé’3:t‘“%c%tf?%%%f 41% ght from the

grating targehinafos sk %fHQlf:? than 4 REBRPOLLTRNL 3RO ik Bitind sp&!ﬁ"% eRt i cal
el enents may 1 nclude réfractive optical elenents 18 and 20, beamsplitter

22, refractpyerodbi Gabeal BMBRLhctherpeR NI tht €8-cABd DRIaeCIHMKinaBG W th its
aperture 15stop 28, refractive optical element 36, beamsplitters 38 and

40, and refiracdivy eu@pld Galii-et aMBdeddlogRelnast txeripal eab ieben@nks 18, 20,
24, 36, and 42 may .include any suitable refractive optical elenments known
in the art fetienss 4t pey cadtle vetrs 08 relpivagamel! sratinglaridgagh refracti ve
optical elenments 18, 20, 24, 36, and 42 are illustrated schematically in
Fig. 1 in the same manner using the sanme conventional notation, all, sone,
or none of the Z20kefsiatidwvasept fueats ietiouBndsicaaycbentconfiigudad dibe sane or
differently. Furthernmore, each of refractive optical elenents 18, 20, 24,
36, and 42 lwhybeant rpadhomrodsrr e wninades Wt eppisrinzdrigatt & waler and to

collect scattered light from the grating target. For exaruple, in the embodiment shown
Fig. 1, the optical elements may include refractive optical elements 18 and 20, beam
sphitier 22, refractive optical element 24, beam splitter 26, objective 30 with ifs aperture
i3 stop 28, refractive optical element 36, beam splitters 38 and 49, and refractive optical
element 42, Refractive optical elements I8, 28, 24, 36, and 42 may include any suitable
refractive optical elements known in the art such as refractive lenses. In addition,
although refractive optical clements 1§, 20, 24, 36, and 42 are illustrated schematically in
Fig. | in the same manner using the same conventional notation, all, some, or none of the
20 refractive optical elements may be configured the same or differently. Furthermore, each
of refractive optical elements 18, 20, 24, 36, and 42 may include one or more refractive

optical elemeunts.

Refractive optical clement 18 is configured to direct the diffraction-Himited light
25 beam from light source 8 to apodizer 16. Refractive optical element 20 is configured to
direct the light beam from the apodizer through beam splitter 22, which may include a
dichroic beam splitter, to refractive optical clement 24. Refractive optical clement 24 is
contigured to direct the light beam to beam splitter 26, which may include any suitable
beam sphitter. Beam splitter 26 15 configured to reflect the light beam from refractive

30 optical element 24 to objective 30, which is configured to focus the diffraction-linmited



Refractive optical element 18 is configured to direct the
diffraction-limted |light beamfromlight source 8 to apodizer 16.

Ref ract i weoapti/sdo7el enent 20 is con-figured to direct twrhe/useght4tseam from
t he apodi zer through beam splitter 22, which may include a dichroic beam
splitter, to refractive optical elenment 24. Refractive optical element 24
is configured to direct the tight beamto beamsplit-ter 26, which may

i nclude an t abl e, beam splitt Beam spl i t 26 is configured to
reflect th ‘E?‘F%fh “&ég‘rﬁ“frfaéiﬂﬁﬁ%qir acﬁwat?s‘@o*ﬁfh%gmél%ﬁﬁﬁ P %{" o(g]%éﬁtf‘ieve
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2011/ 028807PCT/°US2010/ 047539 |ight beamto 1llumnation” spot 32 on a
grating targétalchotenghpvrr campaf ée oBikctiChjney hiaweear30!-rmdigctivecicacte cany
suitable refr ctlveotlc t an r.any. suif efl ective
optical el é’ﬁ‘éﬁi%”? “Eaé%:h%‘c ‘?1%(@31 ”éﬁ ??w}ei ?%}?\Oﬁavg‘? ’(‘r"lol Bdgrrséet ve
desi gn; or & g%ﬁt,a%@l5,9@m&fsud(@smﬁhsa@cﬁm@@@maﬁﬁ, deserdchedy § uty YoSoriPabent, Nos.
5,309276 to Rodgers and 6, 801, 3 to Shafer et al., which are incorporated
by ref er endécadicctivd oy yﬂﬂs et db@gmdai ﬂuewm @ie,ngﬂmefrmiujabcmu i\ﬁ@ mzagp éiesbiﬂi@

desi gned for elden ths from gbpué é g &)o about ddi tion,
the obj ect Ve ey IBE %1§| rad¥t 0th a0 8T R Centt f“b‘t:fé‘éd ‘*f*‘é‘"rf“i“hmt & The

obj ective (@hmm@Rhective lens”) may be a relatively high-nunerical aperture
(NA) objective lens (e.g., having an NA of about 0.9 or greater), thereby
enabling optim zed selection of the illum nati on pupil (pupil area

sel ection not shown, her.e rel atiy, ective as, that termis
ised Hbrei n_ genataPbyFoeait PRt Ene s i B Sec 1T TG REE UBup! | o
the obj ect ifvgeicsi£QPREAR] £ IR e ’QQQ@'abb@e"iwBrgtdt%hethlég?kﬁgﬂn\ée or in
ot her words, the rays emanatlngéfromt he objective onto the wafef till a
relatively Olpamg@dagheuw «ngh@i luFmnategmplid puharob p@ettion-net wiovin laameiNA Hf 0. 9
has an entrance i s the | engt h of
the tene ARG LB S Skt RuePhinsPh e Praralt T BHE TR sgne of 't he
rays hitti nghbhie wabesniscapesi 5@1190@% &@géﬁgmbﬁfh@&@f@m,k_rfﬁﬁi atihwvely
higli-NA Cbjective | enses have relatively |arge entrance 20pupils. In this
mannets di fobacent. opor @ﬁl@n\sm@e the rd&@ﬁmym@ne, ii!)@‘r‘tﬁikUﬁ’E@ﬂW’@ lketoght rafiedilipupi | )
may be used fo um nat r word | hat, the entrance
pupi | (used® ﬁ’é‘r%y é{%b‘t ‘h‘é“u Pf»’gmrﬁét}%?P pupi }‘jmé‘* ?‘éﬁ’é‘f‘ﬁfél‘%)&?g@‘éﬁ‘éﬁ “Es

sel ective igshurbnaiigpeehr svb-Aleasisahe fRhSeMURIE thebiChiheR iR aRsd @t es

into sub-cones of the maximumillum nating cone provided by the overall
obj ective [ten&cNAat thg maxinum cone angle of the rays hitting the wafer is arcsin(.9 = 64

degrees. Therefore, relatively high-NA objective lenses have relatively large entrance

26 pupils. In this manner, different portions {¢.g., only one portion of the entrance pupil)
may be used for tHlumination. In other words, the {act that the entrance pupi (used here
as the dlumination pupil) is relatively large enables selective illumination of sub-arcas of
this pup, which then translates nto sub-cones of the maxinurn illuminating cone

provided by the overall objective fens NA,

25
Pupii area selection may be performed using any suitable optical elements that
can be used to direct light from a light source to only certain portions of the illumination
pupil. For example, optical cloments (not shown)} may be used to modulate the light
source to thereby select a portion of the illurmination pupil that 1s used for measurcments
30 performed by the metrology system. Examples of suttable optical clements that can be

used to spatially modulate the light include a reflective micromirror array device, such as



Pupi | area selection may be performed using any suitable optical elenents
that can be used to direct light froma light source to only certain

porti ons wb 20h28807um nati on pupil. For exanple, opti calpcelisp®motg7sgnot
shown) may be used to nodul ate the |ight source to thereby select a portion
of the illumnation pupil that is used for neasurenents 30perfornmed by the

nmetrol ogy system Exanples of suitable optical elenents that can be used to
spatially nodul te t he include _a reflective_ mcrom nor. array device,

such as WOA01'f ﬁﬁé@’?b%ﬁ’?%é%‘é‘i‘@%ﬁ“?%@a“ar {gxapy | HB e SF R GHRMIE A8y

.instr U”E”td&mQ%%;@%g arl%&‘ﬁ%ié?m%f}fr!nﬁﬁxbl“e‘{?m%&é Qﬂ? Edr m@&ﬁ&% ey !u?}e such
as are avail abl’e from Fraunhofer .Institute, Dresden, Gernany, I'i quid
crystal dewﬁ&ﬁﬂ@h(ﬁb{L@DHkmﬁﬁhwﬁquﬁmplﬂcmbmeﬁeﬂhqmﬁu&ﬂxﬂﬁwamﬂm@ﬂcés any

other optical el enent(s) t at can, performspatial nodul ation of |ight, or
some conbi & ?‘&Fﬂ*?ﬁé‘r“@é}fﬁmﬂﬁléi’ *vévvtw%sf Rty o Birar L gt ﬁgqa%ﬁ%n) ey

be used 'nﬁﬂhﬁﬁﬁngﬂf§ﬁ&&§&kﬁﬁn@@ﬁ&&ﬁo@ﬁjﬁﬁ?ﬂx9&dﬁﬁ?k&9@§xﬁxnﬁb%nb(1

i llumnation pupil “f use in the neasurenents perfornmed Re rretrol ogy
system poﬁuﬁaﬁm@ﬁknm@fd@hﬂ@ﬁhMﬁbEﬂﬂmiHﬁhS@Hﬂﬂbﬂ&ﬁﬂb@&WﬁSphﬂ@hﬂﬁE@Q
refractive optlcgiﬁ el enent 24, beamsplitter 26, and objective 30,

t heref ore, HOPR ALY FY¥fHinati on subsystem (or "illum nation optics") of the
metrol ogy systemthat is configured to direct light fromthe |ight source
to the wafer (e.g., for scatteroinetry neasurenents). In this manner, the

i |lum nation subksystem aayabdcused 18 ond 8¢ dctmrsphgtrdl, ndastveasriksloand t he

diffractio mte i ght beam |. i [lum.nation subsystem as shown

ahci 1 B ed GAdPHRTUSERO (9 TRIE BT Shdat ol A1 46 HEY B A R aeel dh beam
For eXﬁ”D'@ﬂLkﬁﬁmhkﬂﬂkw$9Qﬁ%ﬁnﬁ&nﬂbéy&R&ﬁ?&@QM(§M§§ﬁE&&ﬁMuQ€1&&@&%&%&9d to
provi de a Gaussi an beam "and the apddi'zer nmay not alter G%u55|an nat ur e

of the d|fﬁ@hbﬂm&mibﬂﬁrwaﬁiGJ@hﬁnb@ﬁmunmbne@ﬁhu@nsmﬁvshmmgnn@nmfﬁ@mred to
col | ect Ii t fr 20col | ected fromt ncl udes
coat tered TR PRbuRORTE iy T Gre PEOrH BRERY PorE e es iy Tels®

i ncl ude ot hﬁslt&dliqmb&ﬁ@m dbawahetod &bGysteh & LivGhethelbghthd ifdiectiyve 30
directs the collected |ight through beamsplit-ter 26 to refractlve opti cal

el eneht 36 efghinehndineetésmphée @éiduemreut . gﬁ@f @(hifflelﬁfgﬁwﬂééﬁm(s}m@ ¢lither s 38

d 40 t f t t t 42 i
conf i gur ed T8 H eV R T HE CHt PEL R Lo AL AT THE e o biore PGP

Det ect or  44.0RYer i GRREI0WaRE: astheagehihedihled hear Rerein. in this manner,
objective 30, beamsplitter 26, refractive optical elenent 36, beam

splitters 38 and 40, refractlve optlcal el ement 42, and detector 44 forma
proba P et B gt A R R KT
26 collected from the wafer includes scattered light. However, the light collected from the
wafer may also include other light from the wafer (c.g., retlected light). Objective 30
dirccts the collected hight through beam splitter 26 to refractive optical clement 36, which
directs the collected hight through beam splitters 38 and 40 to refractive optical element

42, Refractive optical element 42 1s configured to divect the collected scattered light to

N2
i

detector 44. Detector 44 may be configured as described further herein. In this manner,
objective 30, beam splitter 26, refractive optical element 36, beam splitters 38 and 40,
refractive optical element 42, and detector 44 form a detection subsystem of the
metrology system. The detection subsystem may be used for scatterometry
measurernents as described turther herein.

3¢



30 WO 2011/ 028807PCT/ US2010/ 047539 Optical aberration specifications
for the objective may be derived fromthe scatteronetry spot size descri bed
further hwoeons/o288r exanpl e, the design and manuf act ur e pafi/ush@oojsect i ve
| ens for an angl e-resol ved scatteronetry inplenentation of the nmetrol ogy
system are preferably perfornmed to ensure the above-nenti oned substantially

|l ow irradiance at the illumnation spot tails. The opti cal design
preferably ensures. a nmninal ampunt of hos t hat resul t fromthe
relatively strofd® wa‘r%%w@%?f} SEE T BAIBPREE o ﬁw “BueRay 6° Ao et 5 om any of

the opti Ca'scé&éﬁ&ﬁ&%ﬁ w?@es‘c‘%@&ﬁ!ﬁﬁ% ndkBe. gesLan, éﬁ% SRe B §?<I1're£[1ﬁb| y provides

for oversized apertu mnimzing scatterin rom | ens edges and
ai r-spaces mfnua{ameasmcbbmmfm%ns éﬂmlangivgehéwﬁimeﬁ@“bmew suplScatteon 0 from

the illumnation |s Qreferably a% ther m |rrizecj SSuri n? r Iatively | ow
surface rolFhHeSeogy SHHTT et Prely ‘E:%‘é"méﬁ’ﬁ COSRTH Yiirear 4 “about 0.1 nm
root nean sguaredul @@l&aﬁaﬁu%l !ha@ﬁm{ﬁhﬁéﬂ éﬁ%‘t Yails OWhé Hbtfu%@ﬁc&'@{ %%?dr)(&iw
(scratch and dig, simlar to 5/ 1X0.040 and X0, 006 per

Apert ures ansirst opsuiimtiuded elf Igh@ﬁhiﬂg It mﬂycgwhsiy@fneim 1oty ehmbbyg iwafke

careful | ufactured e tterln 15i nt o the wafe and
ORI o g U SR S TR KR B MUy Ut

preferably T%Qibé@ﬁgké'%ﬁiﬁﬁﬁﬁxﬁgx he @b%@é@f@(ﬂ%%@é@t;@{ 8chikh SR scafBgnOpti cal
el enents are preferably cleaned and assenb d in a clean environnent to

keep the nummeien@f%dghwnd parsprch f apnast hemmﬁm cdiciet evfentrse edediel ow a | evel

that wll ppr e le.scatterir efore enbodi ne

hooer Thed RerEFH Ry R D i RERt ke iy PR RSt DG ReTERLR 1 ng
requir emsnt;s%v koraguUbiasesd &y@mﬁsﬁgfa@@@e%d@ (gv’pgaal d%&&ﬁt{m n@Rot mean
cleanliness for ensuring relatively low stray Tight and in this way

rel atively showed é?;%ﬁbbaﬂs watk mdilahedy [ Congifderdatdconsy scritdhaamdtdog tshoda to

descri bed abay, cti referably.a i.,ed . to all

oot el ol Pl Phnd TECERMESHINE (TP Pag RSP AL Rl vl

manuf act ur IR Grol QYU E@Hﬁﬁ%&iJ‘JWBAJ&J&@JH}E‘Y@M@ wu%r@w o8 RinitRY sR@ 541 ned
w th any 250t her enbodl ment s ‘descri bed "herein. I n one emnbodi rrent t he

i |1 unihat i ovicsporacn dtﬁldéhtg!ma’«tfmignﬁtuhmgeiﬁ shidseea ofliharmbiostive lvas aissmblsget han 3

st bl | shed e A par iR RE S e re o pir <Y Bt iRCr o &y dhe

overl ay mtﬁ&b!@aﬂ% c@&fn@@ﬁh@ﬁ@&ﬂnﬂgdhﬁﬁg%ﬁﬁ entiQSintiualo Re&@@l@@ ARGy o8 dihe
i rradi ance out si mcron radius fromt he center of the

illumnati mﬁsqmt@ndhe pmamﬁ@mpw anbelove lpeditehiali!licrysadpaiseeblei saittering.
Therefore, the embodiments described herein may have specifications for the optical
26 manufacturing requirements for surface roughness, scratch and dig, defects, and
cleanliness for ensuring relatively low stray light and in this way relatively low residual
wrradiance, Considerations simlar to those described above for the objective lens are
preferably apphed to all optical elemeuts included 1o the metrology system. Such optical
manufacturing requarements for relatively low stray light may be combined with any

other embodiments described herein.

N2
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{n one embodiment, the illumination spot on the grating target has a diameter that
is less than 3 microns. For example, as described above, residual irradiance is
established as a performance criterion for eritical dimension {CD) and overlay metrology

30 from grating targets, residual irradiance is the irradiance outside of a 1.5 micron radius

from the ceunter of the illomination spot on the wafer, and the residual trradiance himit s



WD 2011/ 028807PCT/ US2010/ 047539 10 of the irradi ance at the center of the
illumnation spot. Therefore; the illum nation spot nay have a radius of
appr oxi mewel2g1110280m crons and therefore a di aneter that pC3/uspEooxisantel y 3
m crons or |ess. I n anot her enbodi nent, the metrol ogy systemis
configured to scan the illum nation_ spot across the grating target white
the scattered light fromthe grating target is being collected. For
exanpl e, as shown in Fig. 1, the metrol ogy system nay be con-figured to

| at eral | y s@ancidhd frradetncont-the peritedblthghinbesmm kol nlidiaferct thondudBatifor
exanple, by laterally noving the |light source to thereby nove the

di ffracti onpdlmis eayeropdighet rapnimiaielt hissnimemaend therdogst Gahegytheyist em may
field scanagQg ;k%%qhn%tLq£r§ ot across a grating target. The netrol ogy
syst em may “8¢4n the spot in “A Faster or other fashion across the grating
target area The netrol ogy system may be configured to use any suitable
device(s) (e.g., a nmechanical stage) to scan the il]um nation spot across
the grating tar dgesnother aposimpeiinés matgidgesysthans pedduaidly sesmn @t ended
illuminati spot_on the 15target .the spot.may be .scang Lthin the,
rating targernarelth Hatpb ety % PR bR ERORGR B e 06
represents il bghf cslaysd MopugindinesGrRAL LI Bl 1 hBe Mogblgokydihe nopticcal

system while the position of tight beam50 is different to represent |ight
rays t hr oughntigiwee bneieralpfscemdifsapionslinpred ght fpamn d41in dijetteons 49Har dot s al ong
optical axis, Lhe et rol o ystem represent the peoints at. whi.ch the
di fferent ﬁ%§§8$§%}%@%ﬁﬁ@%ﬂb$§?%5ﬁ¥§%§%%égﬁ%ggﬁakg%gﬁhﬁﬁﬁg%ﬁgﬁéﬁa g‘optical
axis.)o light Beabhi & (hBmekher, Uentedic @) 08ins sl €rlenhe dicnminthades egdtbed
herei n enabl e neasurenents on grating targets that are smaller than the
grating targers? Eiipe ey (JdedTHioscaticerBmet) ewslFenBACs O B8P exanpl e,
in sone enhodi nents.. 4.0 1L.ng.target Aater | ensi af, | ess than
10 i or ons g ¢ oeeop i BAE PR FHL r B0 RS O RE0p bEEG 7
pl ane substaptiialbiydpascadiliel., bendchenitppere surtacsc dfuhhetiwader acrbis tage such
exanple, the grating target may have |ateral dinensions of 5 mcrons by 5
microns. FFalEednigPe, Intke "EnBeai iRt Rerdge e deinged pemdph i BHERtOISEBSRRE al | y
accurat e opti.cal..n repent, . of ir elatively, sl grating: targets
(g 5 mimebone BRARERE Nanfis MRSk PR et TPy piR! b Boy

her ei n enabkensdbsbantt Alg ¥ raeewnatight rays through the center of the field of the optical

system, while the position of light beam 50 is different to represent light rays through the
center of the pupils of the optical system. The dots along optical axis 49 of the metrology
system represent the points at which the different rays represented by light beams 14 and

20 50 intersect the optical axis, )

In this manner, the metrology system embodiments described herein enable
measuremients on grating targets that are smaller thau the grating targets currently used
for scatterometry measurements, For example, in some embodiments, the grating target

25 has lateral dimeunsions of less than 10 microns by less than 10 microns. The lateral
dimensions are defined in a plane substantially paralicl to the upper surface of the wafer.
In one such example, the grating target may have lateral dimensions of 5 microns by 5
microns, For example, the emabodiments described herein enable substantially accurate
optical measuremcnt of CD from relatively small grating targets {(c.g., S microns x §

36 wiicrons). lo addition, the embodiments described herein enable substantially accurate

o
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WO 2011/ 028807PCT/ US2010/ 047539 optical scatteronetry overlay neasurenents
fromrelatively small grating cells (e.g., 5 mcrons x 5 mcrons). In this
manner, owe 2advassodge of the enbodi nents descri bed her eiPaTiGS201l0487580e

nmet rol ogy system configuration enables optical CD nmetrol ogy on grating
targets as small as 5 mcrons by 5 mcrons and scatterornetry-based overl ay
nmetrol ogy on grating targets of cell size as small as 5 mcrons by 5

m crons, The grating targets thensel ves may include any swta rating

targets kné\kﬂ“rlr?wtt ey Povetlay mqaﬁ«*fsiﬁsﬂ%ﬁf@aai‘e ’ﬁﬁ y “t“h“éﬁ BRI Egé?grr%nts are
confi gur ed .40, £00GEN L6 Eﬂﬁﬁtmérﬁ@)g%ﬁe9{%&%@@%@&!@%&%@1&&@ thakgded i ght to

| ocal i zed areas 1 n an 1 nmagi ng pupi !l "of e optical elenents or to spread
the ghost iweges tbzuttheammsisg,yla;e,mmagmfmggnzgumdnabies peiduac €D mf:ia@loa:nom of the

ghost |mages For exanp ge .e_rrbogi nts descri bed her (gg E{
confi gur ed cﬁ%‘i%d‘“&h“diﬁtg‘iné%?s ESFgH® pY PrTTPIne *F F“afth%’nb&% ?as? gi'Yg system

whi ch ei t hegconce &@é&smgﬁ'&@@& dcTROLSs Qf(‘lh%b%%z@mﬁ%@ &Rt d®, 'ffﬁﬁgﬁakﬁ al,
to specific localized areas in the pupil i mage, such as the pupil “center

within ar a@igcﬁs tigfsehves niapstdunbenyGuiNAg goting pareatd snthem hbaover a.
sufficiently large area to mnimze the ghost irradiance to, -for instance,
| ess than 10 of the signal. Such pupil ghost image control may be applied

i n conbination withe @inmﬁwlb@n&m%m ﬁm@(@i%%ﬁng{%@m Qedohefebihs The
nmetrol ogy systemalso includes a field stop configured to reject a portion

of 20t he combg@taédhesaéﬂted@cmﬂetegthﬂhi Folocg xwatples 11 m mnen@ny@dlmim Qpitchb
metrol ogy system i ncl ude$} | d stog) %i ?OSI%I oned in a E}

col | etted SEALTEY YA FPGH “§ SRS HE 27108 - Srop e ARP gi ‘fc%{m?)*é?‘t i on of
the col | ectgdhsaattalgs | F@Rkambn, ﬁa@kﬁﬂsﬁ&ﬂ%& d&&%&l@id&ﬁh&a@% cl:sﬁf&&h@cﬁ op is
used in the colTection armfor scatteroink .(e.g., angle-resolved

scat t er onetusyip . anTirecd okekige piionpieifet ‘ditcsmpryb ingging possiLbliacle mibl epndeoirates

relatively scat orretr tr royi di n optimzed
bal ance: betiBRrne RS PARBORT atar imtanida B SRans e BeRi ot aedR iy
sufficient jpupi |&u&ﬁ$\Q 1@'5%&@(‘@@5@%1&%@%&&13 dihefielde st ppASbIZ@r@my 1R

optim zed, for a given grating target size, for the tradeoffs between

si gnals contoad aatopnigndrguptd Wi maghivg thxaegmmm[ agrnce to, for wstance, less than
107 of the signal. Such pupil ghost image control may be applied in combination with

any of the other embodiments described herein.

The metrology system also includes a field stop configured to reject a portion of

20 the collected scattered light. For example, in one embodiment, the metrology system
includes field stop 52 positioned in a path of the collected scattered light such that the
field stop can reject a portion of the collected scattered hight. In this manner, the
collection field stop s used in the collection arm for scatterowetry (e.g., angle-resolved
scatterometry). The collection field stop is a possible enabler for relatively small

25 scatterometry metrology targets by providing an optimized balance between the rejection
of unwanted signals around the target and sutficient pupil resolution. For example, the
field stop size may be optimized, for a given grating target size, for the tradeoffs between

signal contarnination and pupil imaging resolution,

11



WO 2011/ 028807PCT/ US2010/ 047539 The netrol ogy system nmay be
configured to performa nethod for aligning the -field stop to a netrol ogy
grating twogeti/o288o7gni ng the field stop to a netrol ogy @catiseguonarsget may

be perfornmed using spot illumnation and aligning the various conponents to
this spot. For exanple, the illum nation spot in the plane of an
illumnation field stop may be observed, and the illumnation field stop

may be aligned t pot. Amr fer ot her suitable reflectlve

this
surface) may be gﬁﬁé‘i&ﬁh’é%yn%defndé%{’% (2ufgd d?sifefet pthoprar ?‘é%fft‘ ztheq
I11um nati %E@ﬁ@ﬁ td thei}gioglv Pin ftar';r@te [\Q]QJB t}cﬁﬂe @iﬂhlf %'tﬁl ) SR Igg}'gtt%ﬁno

observed, and the coll'ectFon f| d“stop ‘ray” be al i gned to th pot. The
illum nati om gsipoty bmpctx fremed usihie lspmtaghubmaom exd/dd:tiy hughrieegargbectdt fognnment
optics (e. 6 and. the 10corr espondi tlcal el ement s

u5|n dete
descri bed giﬁt?t’”‘%r w&tﬂm %ngiufﬁwé?é@n spes edhnrlynte 4y ﬂﬁ “96 fekehot .

Wien the metf0l-O0¥%-9LaldA%hd R%LE8La08 f@(cpé«iggptnag %E%Itgtﬁ% bk dpf AVl
detector 66 and Its correspondi ng optical el erents”may be used to bring the

t ar get |ntGmﬁhﬁprMwmﬂEMbbﬁcﬁh$&Lb%mmthMybnbspght@hEﬁEbywaklanﬁgmhhe
field stop e net, rolo rati targets. 15 . . in one enhod

the 1ol d drgperioruntin diloh M r i cdRrionogTNEHoT RECROT ect ed
scattered bh@ﬂk&&ﬁ@W§h§h&@x&?@ﬁ%h%uﬁ%gd£ﬁwgﬂ ?5&”&1Qﬁm&ﬁ%ﬂ8@L&ﬁQﬁ%ﬂd
scattered l'ight on the detector "described fur herein. For exanple, an

optional i npifement &t oloanofl tibect iehdistigpnricst efat (of., ofiig deeétngos et fhizel d

stop fromthe opti.cal axis, Such itio 20 of the field stop

Sdart 1 bnal COrPIPEgyErsR Sluer g g raee Rgh o et s ortisn oy ReakRe o1 o
stop may b%oﬁﬁﬁﬁo{Oﬁh&ﬁgMQh&Hﬂqﬁﬂga@Mfﬁkﬂ%ﬂﬂﬁ%&gﬁgﬁdﬂkgﬂﬁﬁ099@kaﬂhﬁﬁbﬂOn
due to ghosting. In this manner; design and manufacture of the entire

opti cal syéﬁemﬂwpcpomﬁhe®@ebpe@ﬁpbnmﬁbehdybt@wdcwhnnwdmﬁ@“cmmﬁuée of an

ol ecti on PEbh e TEA ey e Syl R he B an i PPedRE Bl

scatteringggghcghosting. in addition, the netrol ogy systemincludes a
det ect or conflgured to detect the scattered | i ght that passes through the
fieldistop and to generate output responsive to the detected scattered

i ght such that .the .S _nea y. t met,r ol ogy system
300si ng- scat t or dharF orooruneas Bt YT Eetor a iy B8 BT GOy TS der ect
the scattengdcdii-eht sthatedassasvdibiouehsy kehde gﬁ&ﬁtﬁ%i aRdoligigenenate
out put responsive to the detected WD 2011/ 0288 7PCT/ US2010/ 047539
light on the detector described further herein. For example, an optional implementation
of the field stop is that of offsetting the ficld stop from the optical axis. Such positioning
26 of the field stop is an additional strategy for reducing ghosting. In particular, an off-axis
tield stop may be used for reducing, and even minimizing, signal contamination due to
ghosting. In this manner, design and manufacture of the entire optical system up to the
collection field stop (ucluding the use of an apodizer to suppress the tails of the optical

signal at the edges of the coliection field stop) may be performed to assure minimal levels

25 of scattering and ghosting.

{n addition, the metrology system includes a detector configured to detect the
scattered light that passes through the field stop and to generate output responsive to the
detected scattered light such that the grating target 1s measured by the metrology system

30 using scatterometry. For exarmple, detector 44 may be configured to detect the scatiered

light that passes through field stop 52 and to generate output responsive to the detected

12



scattered light such that the grating target is neasured by the netrol ogy
system using scatteronetry. The detector may include any suitable detector
such as awoharigesspoupl ed device (CCD), In this nmanner, wPrhe/usegl4zseur ce
(e.g., laser 10 and single-node fiber 12) described above may be used as a
scatterometry light source and the detector nmay be used as the
scatteronmetry netrol ogy detector. In some enbodi ments, the nmetrology system

may be confi to c the scatteromnetri nals froma 5 nlcron by
5 i or on motbF %fglfﬁf{tavﬁ\c}% %% REHRE 1 B HatT® @p‘é‘g BRI W ERORES

di amet er by scaralt, the. %@&Em‘rﬂa@m&%ﬁ% &hy QlitaBlNelecfASNLON AQLH %sc&ﬁa%at ar get
area and collecting signals serial rom consecutive scan pol

I n one enb@dwme(ﬂiﬁjb hin $catsmconet hghmnmkcudﬁg BRrgl 1@-anésoig\9temoécabmeir.()net ry.
In this manner, ? netro%ﬁg Xsten1na¥ onfl ure as, an angl e-resol ved
Scat t er or naegibof AORNHaR e 2 f eRtigatr %ﬂ:‘/o ﬁ &9 ds%«%mdp« fired to
neasurg theginiens kéa)(u.Rﬁn&tﬁ%}é&ﬁﬁégﬁéﬁ&t&ﬂ QB%OI% cﬂi‘%&hﬂln% Qk%ﬁuﬁ}i@g angl es.
Such measurenments may be pérformed 15sequentially (one discrete angle after
anot her), eygen ooy hfm\mngumd@o orllagbihe soptercadiriespmentnbet weemwn by 3

nmeasurenents, o t aneo separ at el asurln the i ten5|t of
the scatt er@& f&ﬁfi@é@ At %‘|“e*~“d%8fr“é 18 3G Pé WNEHITA ! ‘?ﬂ‘é‘m&ﬂl écti"Si s pace

using a singl &.def ectQr Qp&h@pﬂ;@m&hwamﬁﬁ dﬁg@%k%rmw a@ggklg@a@m ssyghy an
enbodi ment of the metrol ogy system may be conbined with feéatures of "any

ot her enbodimmenti{ss)uidesca fpaats20her ei n. For exanpl e, the angie-resol ved
scatteroneter enbodi nent nay be conbined with a field stop configured as
described herein while at the sane tine concentrating the unwanted pupi

ghosts to a | ocahbaeenpyRiHen@kRAcat HoRBQY hﬁquc@gQMb_@&mv dbeicsGAlier et ry
i ncl udes angl e-resol ved scatteronetry perfornmed u5|ng multiple discrete

mavelengthghhTm@ﬂﬂeﬁmoh@qugwgbﬁnlmmy3be0@bmﬁmbuﬁ@dmgbrpsﬂv@iﬂnﬁunnmmr
angl e-resol,v 2550 S|n several. di screte wavel en S t her
lg} G %mi 1;1%

concurrent| "ﬁ“ﬁb ”é“i“) g‘f‘g Ys¥ql EHERaPY GOTOHRE LD SPOUHE Ut

nMeasur ementss, iy Py a%t;g p'iEe&isér@Lg AnzRUNDENL Afadidirenty waysidrewn in the
art. The netrol ogy systemmay al so be configured to perform angl e-resol ved

scat t &F orretbr%&mgtﬂhgk%lé%ﬁmiﬁ digeribrenwivel sagbhsioeitghor m:muppimﬁl y (in

parall el) or..$ %&jn i al one agter the oth r nd_usi 9 dback for
ciemen Stween I’il ASUTOMETLs, OF sl E&HEOUS Y ‘mpfmﬂﬁ’} me&surmg

intensity of the scattered light at multiple discrete angies within the collection space
using a single detector or more than one detector, In addition, such an embodiment of the
metrology system may be combined with features of any other embodiment(s} described
26 herein. For example, the angle-resolved scatterometer embodiment may be combined
with a tield stop configured as described herein while at the same time concentrating the
unwarntted pupil ghosts to a localized pupil area. In another erabodiment, the
scatterometry includes angle-resolved scatterometry performed using muoltiple discrete

wavelengths, The metrology system may be configured o perform angle-resolved

N2
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scatterometry using several discrete wavelengths either concurrently (in paraliel} or
sequentially one after the other. Such measurements may be performed in a number of
different ways known in the art. The metrology system may also be configured to
perform angle-resolved scatterometry using several discrete wavelengths either
concurrently (in parallel) or sequentially one after the other and using fast feedback for
30 stabilizing the light source power and wavelength, In addition, as described further

herein, the optical elements may include a polarizer and analyzer that can be used to
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30stabilizing the Iight source power and wavel ength. In addition, as
descri bed further herein, the optical elenents may include a polarizer and
anal yzer wbabiigassobe used to WO 2011/ 028807PCT/ US2010/ 02T33S2@eni38m
measurenents in nore than one polarization state. For exanple, in one
enbodi ment, the netrol ogy system nmay be configured to perform

angl e-resol ved scatteronet ry usi ng several discrete wavel engths either
concurrently fgffmg aral l el) sequent i al Ixy one after t he ot her, conbi ned

with the ude et‘%‘t}e‘ﬁbf%?‘f’f VoA SRATEETED PRI TS ATHPPENTIPE (i n
parallel) %El%éﬂﬁ&@tt ha'eyro}%@? sl md NG QLRShed %?&tt%ﬁee%%& Sq My be

performed in a nunb efent ways knofn i he art.” In addition, the
met r ol ogy sy&teemma:t@yu%@ sonafal guret: vov cm@wfmrwﬁaaﬁ@ineemﬂsiyl {weghrsibal ¢rer omet ry

usi ng several di. S rete wavel e ths either, concurrentl arallel) or
sequent i al IS5USHEA LY P afioh et wfeia%cr R T o o o bl RRa e

pol arizati %ﬁh&&h&%&ﬁt‘, Qﬁfp&ﬁ&@%rk%@&dnmﬁ\'/ BnPRL&l & theOTS SRAMEALEALLY one
after the other and using fast feedback for stabilizing |ight source power

and wavel engtythe genfoancdddi nmnlvfalot drfﬁ:mdttman’s jnthe rshatttedopedifyn.itne| udes
SpectI‘OSCOpI C zcatter)orretrﬁ CtI‘OSCO INe SC tter gmat{,\% ﬁ be perfor med
using the METPSPDGYSEBSYLY BB HURBET OBt AR e T ers FETRABWT T t he
art, In a fet&tt%%%tmqk/@temﬂm ttn@r%@&t@ﬁ@ﬁ% W ¥ral DG lgyeﬁﬁtespﬁgtttﬂesd@@pthe
scatter ometry perforned using nultiple discrete angles. Spectroscopic

scat t er onetother usioAgnar ith gleeisd s grvetaé palagkawnrryesdethperdoonmedlyusi ng t he

a1 Yhe’ mitPULRG “SySTERPIy e LOATRGaPOUS T TBoRFOTIF oLt FOLBRRE

scat t er ometshyrcl $hRer ZOSERLIALdi screte angles either concurrently (in
parallel) or sequentially oné after the other. In addition, the metrol ogy

system may be confi gur ed to perform spectroscopic scatt er 0| net ry using
several discret ngd e| th Lasoney rent 8¢§vu 5@3 &g“ ) sequential |y
one. after the othah FEBRB REROUT R He deetar b Bl et skt fon ot at oo
eit hgr CO”%U.{tfe%ﬂhétY} . (S&tﬁemb QLA REmORE Al b8 helihen A REl: (hSHRRoMBRGSUr enent s
i ?’5 systent in a number of different ways known in the art, In a further embodiment, the

scatterometry includes spectroscopic scatterometry performed using multiple discrete

angles. Spectroscopic scatterometry using multiple discrete angles may be performed

using the metrology system embodiments in a number of different ways known in the art.

The metrology system may be configured to perform spectroscopic scatterometry using

26 several discrete angles either concurrently (in parallel) or sequentially one after the other.

In addition, the metrology system may be configured to perform spectroscopic

scatterometry using several discrete angles either concurrently (in paraliel) or

sequentially oue after the other, combined with the use of several polarization states

either concurrently (in parallel) or one after the other. Such measurements may be

25 performed in a number of different ways known in the art. Furthermore, the
scatterometry may be either spectroscopic scatterometry or angle-resolved scatterometry
or a combination of both spectroscopic scatterometry and angle-resolved scatterometry.

In one embodiment, the optical eleraents include & polarizer positioned in the path

30 of the diffraction-limited hight beam and an analyzer positioned in the path of the

collected scattered hight, For example, as shown in Fig. 1, the optical eleruents may

14



25perfornmed in a nunber of different ways known in the art. Furthernore,
the scatteronetry may be either spectroscopic scatteronetry or

angl e- r eswbved/es®tt eronetry or a conbi nati on of both spettusesioowisey
scatteronetry and angl e-resol ved scatteronetry. In one

enbodi nent, the optical elenents include a potarizer positioned in the path
300f the diffraction-hinited Iight beam and an analyzer posi tioned in t he

pat h of the | ect ed attere i ght e .as o) in Fig , the
optical elé wk ﬁﬁyeﬁ@@@w g@@%ﬁéﬁ@%ﬁéﬁd%& bﬁﬂﬁ?fﬁ@ﬁ?}'ﬁ’émﬁ&ﬂﬁr. zer 54
posi ti oned ARyt des t,iamgéa %ﬂﬁe gaﬁq rf@ifetdo@i@ctleﬁ %aﬂt@%alligﬂhtin%@%é{‘d anal yzer

56 positioned’int e pat h e collected scattered Iight. I'n one such
enbodlnentantménmnﬁahwz@anandnﬂh&namatmzeccaﬁﬁgm@hﬁxgmmﬁdKSNGMﬁbMaH}the

scatteronetry. can .be perforned usi mul ti olarlz tlon t at es.
exanpl e, tﬁéfYBBP‘aYF‘PT pfuéwm 8@%@8?@%@?“% he ‘Eoﬁﬁ?@% HOF Hight rf t he

potarizer %H%r@é}%q}(yzﬁkc@ﬁ%ﬁ@%é}@l@ﬁm fhe: ;R)@h%c& 4&! axﬁs'&% @ﬁ%'r&t%ﬁ{i Well inpart
different polarizations t6 the diffraction-limted |ght beam and col | ect ed

scattered kmgmtgrﬁég@@b@uv@ﬂyﬁthehﬁ%mmmwﬂmh@unmﬁmmmm@wnsysnémmnwynﬁotate
t he polarizer and/or anal yzer dependin n |za on state bei ng
used for t emaRsso bt E NEBT B p g B d enEtariar §our RV HHE  the_ahy

sui tabl e pol@rd gk B&aﬁ%%ﬁ@/%mn%ﬂ{(ﬁ@‘ﬂ@pmmntghﬁ'} t8E Ea@hn ization btfﬁlbf\a%f eusbﬁlf&h
enbodi ment, the netrology systemis configured to use at |east the [ight

sour ce, thehmwmm%mmnﬁmenﬁﬁﬂsﬂmn@tmdimganﬁeﬂpmmaﬂnzedeandmmmbkanéﬁyzey and
the detector to ornlelg onetry measurenents of the wafer. The
eIIipgﬁnetﬁﬁﬁTgﬁg SR ﬁz be perforned using the netrol ogy system
enbodi nents in any nanner knomn in the art. The ellipsonetry nmeasurenents
may include single wavelength ellipsonetry measurenents, spectroscopic

ei lipsonetry neésan@henmshcw@@@abhéﬂan@wsﬁegywpgmnéumyﬁggaéurewemkﬁﬂ

o111 peonet 15 RSty Lt ool B ARl e TR et Bor e S50 S <o

enbodi ment gieich e (BRI SYRHEMdBELHIRS ahagsdit Imlm&%h@%or
configured to generate an image of the wafer. In this manner, the netrol ogy

syst el may 1@@%@”@%[}@ eraychef erfobmedyisngs t}@swhmrﬂob@gwmrm@ﬁemrs of the
wafer. For ot ’Ii i #he?; e?ggg]iiinen o L i&g; i} 1 %ﬂ N g% 0§¥St em
i ncl udes addiPFoHE™ Pt “olice PEEY Mﬁi’%ﬁ L=V ‘r‘i’c Gde a‘ﬁ’y o8y f‘t‘ ¥
l'i ght sour cgipsdReiri hﬁfﬁ@ﬂf@t@é&ﬁ@,@p%ﬁbs&%ﬁ@Ei@z&&%rﬁét@hiheaquivrnenm, variable angle
ellipsometry measurements, variable angle spectroscopic ellipsometry measurements, any
other cilipsometry measurements, or some combination thercof.
20
In some embodiments, the metrology system includes an additional detector
contigured to generate an image of the wafer. In this maunner, the metrology systerm may
be configared for imaging-based metrology measurements of the wafer. For example, 1o

the embodiment shown in Fig, 1, the metrology system includes additional light source

N2
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58, which may include any suitable hight source. The light source may generate light
having only one wavelength (i.e., monochromatic light}, light having a number of
discrete wavelengths (i.e., polychromatic light}, or light having multiple wavelengths
(i.c., broadband light). The light generated by the light source may have any suitable
wavelength(s) such as UV wavelength(s). The light source may be further configured as
30 described with respect to light source 8. Furthermore, although the metrology system is

shown 1n Fig. 1 as including two light sources, oue for scatterometry or other wetrology
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havi ng only one wavel ength (i.e., nonochromatic light), tight having a
nunber of discrete wavel engths (i.e., polychromatic light), or |ight having
mul ti pl e wawveliangtons (i.e., broadband light). The |ight pgerisc@bed’sby t he

|l i ght source may have any suitabl e wavel ength(s) such as t_TV

wavel ength(s). The |ight source may be further configured as 30descri bed
with respect to light source 8. Furthernore, although the netrology system
is showmn in Fig as i ncl two |ight sourc one for sc eronetry or
ot her netr awaww%&iﬂ@?g@ ?%ﬁ%@?&*ﬁdﬁ@&@ﬁ%%&%&é%%@ oo Her

for | magi ngoyLbeTELT 0l AQY (Y8 ARG LAGhURe QBRI Aea gy sour ce that
can be use t he neasurenents described herein |ncluﬂ|ng

scat t er onetscattcamdetot hrel othetmaldgyy measumementsswabasvelagirgs | magi ng.

The netrol ogy system nmay al so include refractive optical element 60, which
is configured to direct |ight fromadditional |ight source 58 to beam
splitter 22, Refﬂl%%m\é@mg&%%ﬁi m%l %@@E}kh@@ BBYciRe g{aﬁ'éati beioat aured as
described herei n. Beam spl'tter 22 is configured to reflect [i'ght from
refractlvex@phgmaﬁue®envh@nﬁﬁxm@d@ﬁémﬁ@@hM@unpﬁ%dahxmheﬁmnuAZABA%hUmm

directs the |.i tter 26. The t fromthe additianal 1ight
Sour oo 101 ortich Rlsst B PRI B i Ll o FRiurgn S fe Bt bR BRvR SRei At

focuses t h%bﬁ%md anra,ﬁt;'ﬁ 10af 8bm rkfrgcmxJo%ﬂhﬁ%k@ﬂnbﬁﬁ E(ﬂ%tﬁé’@ﬂ?\%o;ﬂtéa&@a )«h@fﬁt ed
by objective 3 directs the collected reflected tight through beam

splitter 2&4t whméfdnracib ﬁiwehgmtm ol giligrend. B6: 148 (Ref tectiidvenepight abured ement
36 directs.th ted ref t to pbeam spl
Cof Lette ¢ RunUoTRbEE S PSPt Lad P RGhIOED Eehr STV EEG5t e et 62

Refractivexgg%ical el ement 62 directs the collected reflected light to

refractive optical elenment 64, which focuses the collected reflected |ight
to additional detector 66. Refractive optical elenents 62 and 64 may be

Gener St e an | mmaSeBPC K GaY B YR Hy { RS AP Gt B Pk 46 DRt The
addi tional .detesd REicHBY libRchrden 8 sphiabkes deteat @6pt§;‘dp$lcﬁ§n@6€@ The
| gl ?Sg Refractive optical element 36 directs the collected reflected light to bearn splitter 3§,
which reflects the collected reflected hight to refractive optical eleroent 62. Refractive
optical element 62 directs the collected reflected light to refractive optical element 64,
which focuses the collected reflected light to additional detector 66. Refractive optical
clements 62 and 64 may be configured as described herein. The additional detector is
26 configured to generate an image of the wafer using the collected reflected light. The
additional detector may mnclude any suitable detector such as a CCD, The imaging
detector may be used for imaging-based metrology as described further hercin, In
addition, the metrology system may be further configured for two-beam imaging, For

example, the metrology systera may be configured to perform two-beam imaging as

N2
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described in commonly owned U.S. Patent No. 7,528,941 to Kandel et al., which is
incorporated by reference as if fully set forth herein. In such embodiments, the optical
aberration specifications for the objective may be derived as described above (e.g., for
scatterometry spot size requirements) in combination with a two-beam imaging tool-
induced shift (TIS) error budget. Furthermore, the imaging detector may be used for
30 navigation of the wafer with respect to the optical elements {¢.g., such that the grating

target on the wafer may be moved to the field of view of the optical elemeuts by using
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detector may be used for imagi ng-based netrol ogy as described further
herein. In addition, the netrol ogy systemnmay be further configured for

t wo- beamworgimgssoFor exanpl e, the netrol ogy system nay Poe/usesiogissed t o
perform two-beam i magi ng as 25described in comonly owned U. S. Patent -No,
7,528,941 to Kandel et al., which is incorporated by reference as if fully
set forth herein. In such enbodi nents, the optical aberration

speci fications t he obj ective y .he derjved as described above

for scatt er‘%?ﬁ%‘f‘;r‘g the ""“éfﬁbgé’ﬁ%cy %%E-ﬂfigw@ﬁ%%ﬂch%oﬁﬁ ARG Wt Re ! %faoo beam
| magi ng tOle rStEm eﬂ%@%iﬁ@ﬁ&gulg:ﬁl @ﬁ%a@&n&ﬁéﬂ&&om 1H5‘Ji Qﬁ&%@ﬁt@emﬁ]@@s hx[f(ﬁg' ng
detector may be used for 30navigation 0o e wafer wth respect to e
opti cal eIemmgmgsﬁ@ngﬁmguah@tmmﬁpam@mgwﬁ&wngat@ngetyomlbmeﬂmmt|r may be

moved into the field of view of t |cal el enents by usin VWS,

2011/ 02880 PRREFCESIHA LABAPEEYY i% 6@% 1o ‘toﬁlé”’“%‘éﬂ" wPctyetiet 1%‘6‘“"883% doth.
additipnal detector.). :In this manner, the netrol ogy system enbodi nents
descri bed herein may include a conbi nati on of scatteronetry and i nagi ng
subsyst ens on t Héesatre] pleatdnor thyt whémeab&bia}tgxem@mimmanfme veittrhesy be
spectroscoplc scattgronet or gngle r.esoi ved S¢ atter

eombi nat | onsgt pgppemented Byptbed el CAP R Eh e T B | Céafﬁ BTl Tt

generate ar}')ubﬁﬁg%bQﬁ)uEﬂQV%ﬁﬁfm(maré’b i%‘?aé«!?tﬁ R & Rement gadmtax, Qiaer optical
elenments in such a way that the inmage of the exit pupil of the optical

syst em becehesngcteb s bpeturd ¢ thi s prannerd tothe pbme wotle optliicage. ehesmht s
such as aperture 68 can be positioned.in %ge pl ane of the pupil image. As
such, ‘an opfioBH R &F 5LCHES; ﬁa“WHé“B IPPREGE i s provi ded. The
netrology system may i ncl ude ot her optlcal el enents. For exanple, as shown
in Fig. 1, beamsplitter 40 may be configured to allow a portion of the

col | ect ed scat t éhedudtiogbgy Stvetcms& trishdla ghhor hptidré alsmsplsi tFDeE‘(?aﬂﬁtda,rmy reflect
anot her porhlon o] 15co att The.re rt ion

ot o bR g R A ey SRS fllted G ¥t e o BE SRR ' Phe

netrol ogy sygtem ifiRic SxamRbesh bhecislbeededdRortbon: Qﬁothé’lep&@d:ﬂ sahed
scattered Ilght may be directed to focus detection chopper 70, which may

i ncl ude amplisuid abliece happdrhe tilehed pdvaen pb?élsesiiitqw‘mﬂgihﬂ*ﬁ@bgisi wetect i on

32225’3 o ottt R T RE SR d S ol B TR ol BR S ST RE B fapgrt o 1O

Det ect or 72¢pRycdiiegkydanany I%Mt abhbe ddetiefitbosUsdi:c@isn 3n5dar 74\ \CIaBR LT
system such as that described further herein may be configured to determ ne

i f the gratidgltanygettaige chenpar. bbilbhtgthmmséﬁmggh tdves d@tﬁ@r@m ahopperf/@dRy usi ng
Sy am ay PERRROG ore ol nor st ded Bt MAHBRRy S BERPEE MR Y
confi gur ed t§ G d6itB&ed by the detector. Detector 72 may include any suitable detector such

as a CCD, A computer system such as that described further herein may be configured to

determune if the grating target or film being measured on the wafer 18 in focus using the

output generated by detector 72 in auny suitable manner. The metrology sysiers may

mechade one or more devices {not shown) such as a stage that 1s configured to wove the

N2
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wafer or one or more optical elements of the metrology system if the grating target or the

film is determined to be out of {ocus.

As described above, the metrology system shown in Fig. 1 includes a number of
detectors configured to detect the Light from the wafer and to generate output responsive
30 to the detected lHight such that the grating target can be measured by the metrology system

using a nurnber of different techniques. The wetrology system shown 1o Fig, 1 may also
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25waf er or one or nore optical elenents of the netrology systemif the
grating target or the filmis determ ned to be out of focus. As
descri bedwvaehouesgone netrol ogy system shown in Fig. | i rcrasesiomadsmsanber of
detectors configured to detect the light fromthe wafer and to generate
out put responsive 30to the detected |ight such that the grating target can
be nmeasured by the netrol ogy systemusing a nunber of different techniques.

The metrol ogy systemshown in Fig. 1 nmay- al so WO o

2011/ 028807PE UL ror % hePsriria e b onar aseect BF¥ "9 exanpl e, the
metr 0l 0gY _ SySkEMAYnbNebyAF. 3 3RRAS ABREGhC (R SAMNY 1 €ORId BUkRL kO
detect the tight fromthe waf er “and t o generate output responsive to the
det ect ed | ioghtut reFhensspeothotetard nghy. iThebpdecanier suytiabilid syesttnidoet er .
Light scattered fromthe wafer may be directed to the spectroneter by a
beam spl i t tﬁ@?ﬁﬂz@mm%)waﬁwdﬁm%&& Wiet Ry Eaéﬁ@%}?& tBE Seerertisy by Cattered
l'i ght .5 The sheanygplidhi@homBY p e GRAT gured asndesriided fwcdhar harein, Any
ot her suitable optical elenents may al so be positioned in a path of the

| i ght det edted shititrheaysipesntigneties desthibed peder brretne rAnyaythbreuganf bpucaéd t o

neasure an iintensit of .t he .scat t.ered n of wavel ength. In

light . as a function of wavel ,,
Uhi s, nanner e HaY F B B ySrdnt ey e BT gorEH oS BerrbriHebeURement s
of the waf %{xe@@%ﬁ&%f%ﬁ%@éﬁ%ﬁ@@ﬂeﬁ 1S HRELBE AMREL ity BPBBLILL Pk SY gt €M shown
in Fig. 1, therefore, 'may include a conbination of scatterorhetry and
i magi ng systenenof wahdesghe iplhat fuormy, thhereobgatyadeomtrye wahgled & t her
spectroscopi c. scatt er onet ré% @'}QJ e-resol ved scat erorregtﬂry, _or ai )
conbi nat i oW*BPMBEIHIVRUFTRBE HErE, “ohd fof “{ HE et &t oy SHowrn =i | may
be confi gured.Ashokn LEPIACadMdd Ru1RSRASE OARBlon FOL:-.R%BARLS anheam
splitter 38 may reflect 'a portion of the collected scattered light to
det ect or 66mghoRMRyitemEFDYihelsagmamthtenestor seBienmycthecandnfdiger gdcasscopic
replaced with a spectroneter that is configured .as described above. The
et ol gy SYREEIGY PHERr e b SeBRnu B Su i EatPraraarey o
20det er m ngya of NATRELRKI §lhvG 1@fFit hemsy 88 Eagi dudfatlor Uslitgathe put put . For

o A

exanpl e, as shown in Fig. 1, the netrol ogy systemincludes conputer system
74 that i s sponfingaredot exadgtierhsinephtiohdraet etlests goron phide geldtdlady t ar get
using the ou e 4 onput er

t.put t by. tectar . t hi t
U510, (he QULRYL SAREE 3L P 99150 % A%l By LS BRTRL b SEORY

replaced with a spectrometer that is configured as described above.

The metrology system further includes a computer system configured to
26 determine a characteristic of the grating target using the output. For example, as shown
in Fig. I, the metrology systern includes computer system 74 that 1s configured to
determune a characteristic of the grating target using the output generated by detector 44,
T this mauner, the computer system may be configured to use output from the detector

responsive to scattered light to determine a charactenstic of the grating target. In

N2
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addition, the computer system may be configured to determine a characteristic of the
grating target using the output from detector 66. In this manner, the computer system
may be configured to use output from the detector responsive to reflected light or an
image of the wafer to determine a characteristic of the grating target. The computer
system may determine the characteristic of the grating target using any suitabic

30 method(s), algorithm(s}, model{s), technigue(s), cte. known in the art.
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responsive to scattered tight to determ ne a characteristic of the grating
target. in 25 addition, the conputer system nay be configured to determ ne
a char actwoietiiessl? t he grating target using the out put pCTarscadenerssor 66.
In this manner, the conputer system may be configured to use output from
the detector responsive to reflected light or an inage of the wafer to
determ ne a characteristic of the grating target. The conputer system nmay
determ ne the characteristic of th rafing target using any suitable
30met hod(s) . al GePFRHRTERYSTHddeFpgye @éﬁem&aﬁg‘é gﬁﬁ Dféfecg?%_'n "0 he art.
WO 2011/ 02%%?@%!9%%933041;%715;%%1;@ dashed FOAPHESE 1SHSIBMhLAinkBide QHPLlﬁgibfeo
detectors 44 and 66 (e.g., by one or nore transmission nmedia shown by the
dashed | i nesikmissiBi guedly knatwincih tixayrtli sach tdettarmynguict apiten tragnsenrgsthon nedi a
known in the artzr§u§€ that the copputer system nay receiye the oulgut
generat ed BYRUhEHEEEPOF .L"“ﬁ%@l%o%u?"é‘@%‘;fssﬁ“%ﬁ%ﬁ PeCEBlip 8 Yo ddeh of
the defect Qi&cioh ANy SHLADKRARBNDEY dditih AdidrnQher L REMGRIPME &lypR¥SLem may
be coupled to any other detectors included in the nmetrol ogy sys?en1|n a
sim | ar manrngpiheClopubenndystdamildmmaylogakestorar ausnifkonmsner dAchyditarg a
personal conputer system mainfrane computer system workstation, system
Comput er, IRUGE ‘AORDULEY VRS Sl 6 TErbge SBRpUterS Sarhr e Brgeessor
or any ot hep,deit caikRaWRkliBidN8y@h colPu@ENSLAL cohfBed BB OMENARYL &Y
systenmf may be broadly defined to enconpass any device having one or nore
processor s compiieh rexaelpmsedsas br agt dtbasddvremavmente art! Ingedérainthe term | n
one enbodi nent, the characterjstic jincludes CD of patterned.structures in
the gi'ht i ng taPYEt S FG ‘BonpuberdS kst ey CHEPEY AU S P He e oI Heore
patterned StEUGIM QhidPodcainds PEREHRALACE LISl &Sd@f the patterned
structures) using scatteronetry neasurenents as described in commonly
assigned U S. Patent No. 7,511,830 to Fabrikant et al., which is
incorporated by reference as if fully set.forth herein, or in_any.other

SUi bl e manner [N PR PP RaRnde PR ERBome Rkt § DaLdelhmaus e By i

conbi ne an 2REG1ZQE:, BrddotlpiSbeRemand @urghathyelyosmBbluGhat dingukar get
for optical CDmetrology. I'n another enbodiment, 20the characteristic

i ncl utfes over etherghapaterisnsiad the paicradesubinrashesiyg stk megygataswietistisespect

to patterned §II%§.UFES of .another gratin giag )ﬁ% =Y g%%% e maie\. The
ar at ing. tarQgt B He TORS VTRt S aE Gre o HaT G P Rt Tayer
of the waf efin.dperLQIMPUiElre STk 8N Y08k BBfl:g W 80adydBletenmingnaNer | ay
usi ng the output responsive to the collected scattered |ight as described
i n conmonl i duhedntgrShe patbedtmdNgsiesdiglidiegi® may combine an apodizer, a {ield stop,

and a relatively small grating target for optical CD metrology. In another embodiment,

26 the characteristic includes overlay of patterned structures in the grating target with

respect to patterned structures of another grating target formed on the wafer. The grating

target and the other grating target arc formed on different layers of the wafer. The

computer system may be configured to determine overlay using the output responsive to

the collected scattered light as described i commonly owned U.S, Patent Nos. 7,616,313
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to Kandel et al. and 7,663,753 to Micher et al., which are incorporated by reference as if
fully set forth herein, or in any other suitable manner. In this mauner, the embodiments
described herein may combine an apodizer, a ficld stop, and a set of relatively small
grating targets for scatterometry overlay metrology. In addition, the embodiments
described herein may combine an apodizer, a ficld stop, relatively small grating targets,
36 and pupil imaging for CD and overlay metrology. Furthermore, the embodiments

described herein may combine an apodizer, a field stop, relatively small grating targets,
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25to0 K andel et al. and 7,663,753 to Meher et al., which are incorporated
by reference as if fully set forth herein, or in any other suitable manner.
in this maonreryo2stee enbodi ments descri bed herei n nay comrbirns2@n/0&3edi zer, a
field stop, and a set of relatively small grating targets for scatteronetry
overlay netrology. In addition, the enbodi ments descri bed herein may
conbi ne an apodi zer, a field stop, relatively smal | grating targets, 30and
pupi | i maging.for d.over| ay netro Furt her nor, the e od

descri bed ﬁ’é‘g’él“ﬁa%iy" TR W’“é%m“z‘é?g‘%’aé ff‘if@eirﬂdh%‘f@&?@ el ey

grating tangets.c %89@&4&%&%?@ / IH%%Q&% é@%%%%b»é %%Q@a;m%@

discrete illTunmination spec¢tral [ines in the visible and near-IN or deepLIV
for CD andrmﬂenﬂaguqntﬁoﬁngyscﬁ&maﬂdmmlbh:CQ&mdescﬂwb@ﬁhaQnMegtmgarm@
scatterone ryéngg.tgclude spectroscopic scatterometry. § CD and overl ay
of the gratCrH§ T AIGEUSHRYPHE HetPET HERTITGEY NS HEEErDSE |%‘“§$atﬁ’ﬁ=& onetry
measurenments of the grating target. I n one enbodi nent descri bed
further above, the netrol ogy systemincludes an additional detector
configured to génenatmbaﬁnﬁnﬁ@mm@kﬁﬂhﬂhmaﬁevqthmﬂmmdﬂswshﬂ@nbmﬂkhwam t he
conput er syig siqgnflgu ed to determne an g ditional characteristic of
the grating ﬁpﬁéﬁﬁﬂﬁ‘%é RS e R OB RE B P e SVl e ‘ﬁﬁy con-fi gured
to determ nguhignaddht b9 BACL  EL SIS Of ¢ D8 T A g dnar &%h&lﬁ’!sﬂg the
i mage and any suitabl e me hod s), algorithn(s), technique(s); nodel (s), and
the |ike. lohtsggmetigtichgcenbogitmentgs. Thecelartacysrinstichd noifgdes to
scatteronetyry-bas overl a and the ditional character.istic jncludes
gl - badel BB g oA LRt c ) Seti T et Sk I et bt er mi ne
i magi ng- basgl 19y 8Ll (s N gﬂm}éwt@@hﬁ@m N@bdelfR an@XRLE InkhSc GQAPUL er
15system may be configured to determ ne overlay using inmagi ng as descri bed
i n commonl wrbwdegknts, Sie @ataemlsubmcmdsmcaz@bmm@mbﬁrrbw(ﬁelrw anditbhaddgtional

i ncor por at i t

enbodt ment STHBYETT sl R e TR el TRy sdBF ERmBREE 1 phTed B Ay dlFed

i magi ng- basgd.@eMeink %glﬁ%%@%ﬁ% A S g IPhahher Mor 20hiadei tdgnal: such
enmbodi nents, the optical elenents 'include an objective lens configured to
col | ett t he‘vst@tatm@ﬁeﬁ«dﬁm@hwim demntine omrétw wggianget addscidnd ﬂg@mdomiﬁ

col | ect 0 f rat he. i m
Sroun . Eteh TR AAG Y Tisa 080 CnARREL Bl B BB o R BA RS ur 2°
confi gur ed 0y eakd@cketine AScath eresinbé@ibnd o be hakatl dnasictiriget and

configured to collect light fromthe wafer used to generate the
scatterometry-based and tmaging-based overlay metrology on a single platform.

20 in additional such embodiments, the optical elements include an objective lens
contigured to collect the scattered light from the grating target and configured to collect
light from the wafer used to gencrate the image. For example, as shown in Fig. 1, the
optical elements may include objective 30 that 1s configured to collect the scattered light

from the grating target and configured to collect light from the wafer used to generate the

N2
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image. In this manner, the angle-resolved scatterometry objective and imaging overlay
objective may be the same optical element(s). However, another option is to implement
two separate objective lenses (not shown), one for angle-resolved scatterometry, and the
other for imaging overlay. If the metrology system includes two such separate objective
lenses, the metrology system muay be configured to move the optics depending upon the
30 measurernents to be performed (scatterometry or imaging). In such instances, the

metrology systern may be configured to switch the objective lenses between different

20



25 image. In this manner, the angle-resolved scatteronetry objective and

i magi ng overlay objective may be the sane optical elenent(s). However,

anot her opODI20M1/G288000 | Npl eent two separate objective | ensas2quoi753hown) ;
one for angle-resolved scatteronetry; and the other for imaging overlay. If
the netrol ogy systemincludes two such separate objective | enses, the
nmetrol ogy system may be configured to nove the opti cs dependi ng upon the

30rreasurerrents t.o be erforgf ﬁf\ scatt eronet rQ/ or 9 n. such
i nst ances, Yif& OFrE’teF?}F GoE &t B R DEIE HhiG \g%?’é%?itpé ‘t@’”hac{“F‘i%hé}ﬁf‘ectl ve

| enses bet weep,dis L@eﬁ%&{‘%mé’&%@%%{ &%&&%P@Eyoyﬁgg%@4;%?53@11&%&%o if the

rreasurerrents and gt the sanme tine to select “either passively or act|vely
t wo separ atectopédycakicsubasgentslol sesh repatdtieohjestvedfnsehehoptirclaky ey ene may.

Alternatively, Lf t 0 stemincludes two such se rate ectlve
fenses. 1 heeNBENBIT yw—évé%té#n %%90%@ It 1At e SR O %HP&‘%

I enses; ( an@mtu*{tﬁdﬁo Tf GRRQRILNY QR h}%él)log% Peak %)ay%ﬁu&é Ad PN Md «{dnmﬁ&l’;}h

i nstances, the netrology system may i1 nclude two fixed and stationary

opti cal colopts chbmesdoharmutoforeach ogbjiectie mnldens; canshontimgapticdspondi ng

optical elepents), the metrol ogy syste be conf.i ured t ve the
ot er - sueh TRBTDHEE: ToR o R AU R FomT R R 5E T iy o
one opti caly,gej |4 rg@t?«@ﬁw@ﬁhﬁﬁn geRRNdb N QR bR FRASUNERRAS Shd@nde
performed on the wa he conputer system may be configured to

det er mi ne tdh,ecmlmwfatﬁthemmwcm@mmtichbe pr&irneg onabagetichy accounting for
effects of the field stop on the output. For exanple, the conputer system
may be’ configured to use algorithns to account for the change of the signal

scattered from tjhg \Wak@fer bvsz&%aawk%hﬂ%yd @GR! fgehiaRchilRl ghgiop. In
addi tion, 15the enbodlnents descfib hérein may conbi ne an apodi zer,

col l ection gfuteﬂadaigtﬁn« acgnehtalzgor eﬁmqfttbc &cldotopt off Ge otitpet. changemply, thse

it d 1 [ t he 1 | d st d |
Rt AT p Tt e R A S AR A ot AN

per f or m 20e|dnh peanBbd YrofP@Rs Wa%&ﬂﬂttﬁc Rfilah R WaliBfollchfORad Skeh 18 H&ﬁganﬂe nt,
the conputer systemis conflggure to determne a characteristic of a film

formedh on tihecmeddmeusidagridet parigeneratisde bayamhbfqdeftﬂéle@gm fenhd Blag, aiide

xcanp o, {114 CR HEHBCR.r /gt PELT e T RBG AT ARy DL e DTS T v 10
charact eri stdpGok 08t an@ancRg, feleloay ned used el | psonk. - neasurenents, The

As described above, the metrology system may be configured to perform
26 cllipsometry measurements of the wafer. In one such embodiment, the computer system
is configured to determine a characteristic of a film formed on the wafer using output
generated by the detector during the ellipsometry measuremcnts. The characteristic of
the film may include, for example, film thickness, refractive index, and any other thin

film characteristic that can be determoined used ellipsometry weasurements. The
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computer system may be configured to determine the characteristic of the film in any
suitable manner. For example, the computer system may be configured to determine film
and other characteristics using ellipsometry measurements as described in commonly
owned U.S. Patent No. 7,515,253 to Bareket et al,, which is incorporated by reference as
if tully set forth herein. In addition, the computer systern may be configured to determine
36 a characteristic of the film using spectroscopic scatterometry measurements of the film.

Such an embodiment may be combined with any other erabodiments described heren.
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25comput er system may be configured to determ ne the characteristic of the
filmin any suitable manner. For exanple, the conputer system nay be

conf i gur estot2o11dess®rm ne fil m and ot her characteristics eerng2@blosssonet ry
measurenents as described in commonly owned U. S. Patent No. 7,515,253 to
Bareket et al., which is incorporated by reference as if fully set forth
herein. In addition, the conputer systemmay be configured to determ ne 30a
characteristic of the film usi ngﬁgpectr scoﬁp scatteronetry neasurenents

YAl

of the fil MmO SYERW &t PG et ! R HCARY aoeﬁ@t%@%&a.ﬁheem s
dESCI’ I b ed h%‘h@fﬁ&fﬁ@%@g@@ﬂr% @%@ g@l? gl:éiggg QVIQQ&]Q%Z\%%geTE}QI%U@%S.M]fg’m@

enmbodi nent of the metrol ogy system may’ include a conbihati on on t §ame
pl at f or m ofmamigptdivean €O anfElnr eboglyp sy yotem madicatt es drmetibed camdcnhagl ng

overlay netrol og stemadafllmrretrolo stem |.n additi
descr i bed BBV HESHITFOr OB SYST Bity fraym BRI EgP B GHOR Ao I this

sen cojnductnqltmt@tt{a SALAI0Ey SKEheMay bR A & TEeTmc SRGHRRLEL a0, syst em may

be used as a single Integratable Sensor for | 1t hography system which can
be used t o liteasayrhy bs'eﬁamt ghofretn e G’Jmil‘tbalyﬁ,db@b( dtickomethi clonles.s, Dafids UV

t wo- beam i nagi ng. a uch.a nmetrol ogy system woul d neet t

t 6ohnol 0gy HOHESHGHOILF G MDE et eSSt (g CHBoM et & Geser Phad

herein is thak,t clgemqgg\;ﬂt&g«gqlﬁ%%&%m can be configured and used as a
mul tifunction metrol ogy system For exanple, the metrology systemis

configured to provide on a si ngle pl atform a conbi nati on of different

applications. In this manner temc e confi d to
Gober il ne o et BnRtersh e PSRt SRR BrE g dRgBer P B pRG
structures cf E@Eéﬁt@ﬁﬂcc@cﬂtdtdl@d wef e tﬂtﬁh‘éldﬁgn&ﬂﬁoggf syIRLE }Qi‘r cki@pleeghni ques
descri bed herein, I'n other words, nul tiple netrol ogy tasks can be perforned

by a suit abrli%mése‘t}evstcms eonfpmyl oatrporc of ddmfgteeivletrﬁmmet:wmbmgmm@"tChtid@lts uch

as scatteronetr t hods., in one su c.Oo

2yst om y JHETE AT ne A eB BT i B i aE SR It Gros SHTEReT R ARFRGE BPbet s
descri bed a%vmtt%ﬁgm@@é ét&h@ Hﬁ;tnh tﬁe@@k’ e k-1 RS [R5 IRY) Msikavdihe
met r ol ogy system and 20over | he patterned structures with respect to

a
ot her ipat t esmgdns or oorusiede b %/ﬂm ugshée sst@aﬁﬁemmifr yiherersde.amdhivls, motdhery
scatter OmEttar\ s (hAsH perﬁ? m(ﬁ be%r\%t abqe ¢ seld (.%101’1%1‘ Lombxrmtmn of different metrology

methods such as scatterometry and imaging methods. In one such example, the computer
system may determine a U1 of patterned structures in the grating target as described
above using scatterometry measurements performed using the metrology system and

26 overlay of the patterned structures with respect to other patterned structures using the
scatterometry measurements, other scatterometry measurements performed using the
metrology system, or imaging performed using the metrology systern, In another
example, the computer system may deternmne the CIY using the scatterometry

measurements, the overlay using the scatteroretry measurements or the fmaging results,
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and a thin film characteristic using the ellipsometry measurements. In this manner, the
embodiments described herein may combine in one metrology tool the following
metrology tasks: optical CD metrology, optical overlay metrology, and film metrology.
In addition, the computer system may determine any other combination of characteristics
described herein using any combination of techuiques described herein,

3¢

22



metrol ogy system or inmaging perforned using the netrol ogy system In

anot her exanple, the conputer system nay determ ne the CD using the

scatt er orwOny1es®ar enent s, the overlay using the scatt ecomste10/,047539
measurenents or the imaging results, 25and a thin filmcharacteristic using
the ellipsometry neasurenents. In this manner, the enbodi nents descri bed
herein may conbine in one netrology tool the foll ow ng netrol ogy tasks:

addi C1on, 1 he cOnpUREFT BRIy CHEVEFHEUaRy Cot HeFe LB erE OB

characteri %% £8a083651Red Nel-al i Us), El9m§0¥a GONDIMaL JnQHe afieligC R AUEScH
descri bed hérein.” 30 WO 22011/ 028807PCT/ US2010/ 04753 In sone

enbodi nent smbbHenaptthec apticel ementts aar @nﬁgm‘cﬁg@u ded:ttd@ommm:ﬂtht hetrsgatt er ed

l'i ght that pa rough the field stop a first portion of the
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directs a p%&i&xrbi%c Lifga dohiiReld 19;11 bxdﬁl‘{ﬂ e dydrdy ?!Eﬁd heamke p@ﬂ!a&ﬁ A ygecond
porti on of 'the detector without fiTtst directing the portion of the

di f f ract i onlelectir tieck dat gmﬂd@eamh the ftrhigpowadrest; thaddetthe Secamdpjpottei on of the
det ect or does not overla orti.on o theﬁ'@gl tor. For

exanpl e, tHE RS Vagy r§§3s?‘é”hifHjai/mb@ﬁfizwrfg&a‘ﬁ‘é%é%‘ pigEonf Py gand

optional l'y \ﬁﬁkﬂ QE@J hﬂgauﬁhﬁ@%ﬁ@ﬁ%@@y u@f@ga@(‘i lnHkn% Gk hspg%ﬁ lré‘&@%&?&ﬁ gl at ed
noise, in which a reference part of the Iight fromthe Iight sSource is

di rect ed t dight pamtthofightheurvety @twipy tdetpestod the(meigelpgCBBeGer (@szér(ab? ur‘wl t hout

overl apping with t metr ol ogy si The refere art of t

sour o pr ofaraiy b oy R TINTE st o et ol

si gnal pat Royu\k bh&élﬁb z%%& &r&glrﬁﬂirﬁ@b&@iﬁa\é@zﬁaﬁ{m A @anﬁt @aﬁwgnn%ﬁw e of
this calibration is t it can take place sinultaneously with"the signal

col | ecti on vardut h:éitcctm" ican thewvasedAhodvaoatdebratchmege thbissiegbraliocolthgct ed in

the same tinme int the caljhbrati i gnal . nth 15rra ner, the
ot o 0gy SYSEmPTe SbuTEaR P b o e Ol ed el TR e 1§ ght

source for gﬁfi@a‘iﬂlé ﬁi@@ﬁ{zﬂ%ﬂ @;}li%@éé’@'in anRdaavel et as the calib@u8NALRAT In this

enbodi nent, the opt| cal elenents are configured to direct the scattered

| i ght 1% hat 1@&@9@@%‘1&0@19@ et vl de soopeured rieyloamfliat Seedpanit ooty laghit he
det ect or ortio a&pf t he,detector sees no light. The

out put gené?‘értcétg‘“t?y%zi?ﬂ JE ’(t;‘ith OWE @G gravelength,

In another embodiment, the optical elements are configured to direct the scattered
light that passes through the field stop to only a first portion of the detector, while a
26 second portion of the detector sees no light. The output generated by only the second
portion of the detector, which does not overlap with the first portion of the detector, is
used by the computer system to calibrate the output generated by the detector that s
responsive to the detected scattered light in the first portion of the detector. In this

manner, part of the detector may be used for calibration. For example, the metrology

N2
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system may be configured to perforn a method for measuring and optionally calibrating,
suppressing, and eliminating a spatiaily correlated part of dark noise utilizing a part of
the metrology detector (e.g., CCD or camera) unexposed by any light in the system, for
instance, unexposed by the signal itself, the above-described reference part of the
iilumination hight beam, or any other light. An advantageous feature of this calibration s
30 that it can take place simultancously with the signal collection and that it is used for

calibrating the signal collected in the same timae mterval as the calibration signal.
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portion of the detector, which does not overlap with the first portion of
the detector, is used by the conputer systemto calibrate the output

gener at edwbyotiessiet ect or that is responsive to the det ecrassoattssy ed
light in the first portion of the detector. In this manner, part of the
detector may be used for calibration. For exanple, the nmetrol ogy 25system
may be configured to performa nethod for neasuring and optionally
calibrating, suppressing, and elimnating a spatially correlated part of
dark noise utilizing a part of the netrol ogy detector (e.g., CCD or canera)

unexposed by anypi Qrﬁisd!nﬁbnﬁsh@es NS Breih Also pR%&@é’&?@xt NEXPARGAIAY s\ %@ms' gnal

itsel f, the above-described reference part of the illumnation tight beam
or any ot h@ﬂdtfqr@lhb acdkmradimﬁ&gemwmeﬁnmﬁer 018 apgbincsmom ddactdddrrdis. BGt hat

it can take nult ousl the signal .c ectl dthat jt is
used for céF‘?fBﬁé PSEIERS s%%ahta@ rﬁi ERRE Y PV S 4 TS T SGES ai'g t he
cal i brati on,gighal, thc\@th(Qé% D800G (lej 0%@{9%2&3&1 xeaiacmmﬂiﬁ? gapadi ment s

described herein afso provide an extendi bl’e fretrol ogy vstem tformto
accommodat @uﬁutmxf@nﬁhxq%mt igalfr agwm hHoa’p'pdn datponsodestr Mbgid“l hedaidn. For
exanpl e, as descri bed

rolo I nc avisible
ORI i e B S O C I AR A A R AR e

angl e-r esolpyed,36ak LRHOMEBLEY 15@}511 Q@il Hﬁﬁ&@&ﬂ@@mhﬂ 1&5@&\/&7%[@ La1Bpaet r al
regi on. However, the operation of the angle-resol ved scatteroneter can be

ext ended i npocdl memgpeem*r, alit yegifioalhofn HeabiddwvolendebpeddiionOerattideesi n such

tral d. di | i t | t.
opt | odl - corpanEnt & st EhBas 1 a1 OR RGOy B TS SGREEr AT Pioon,

the netrol Q&%rol@i_%y@%@!ﬂs s8cicanhi %JB@PB@G (&icd of tdol ﬁgtr@& a&h&m&gryba\aam;@ Wi th
ot her comrerci allTy avail able nmetrol ogy systens such as the Archer 300

series of tiookEltthitnear é‘v’idpﬂmeﬁeii@rmy, cay &k lcabligiré¢ mmnmmg iliehcg{m beM | pi t as,

California, con ure ging on can conf

soat t or oot PS oY O art et ik T o MM rEBy T eprelE B e
herei n are pgRmpaki BhRaMbit Bi@nsd fe-fy dbrconeaRtSs (ﬂs&ﬁ%@'lﬁi&%ﬁkﬁ;ﬁ@ﬁ@%gt%ﬁ%ur' ng
a target while 15it is noving) becduse the metrol ogy systems nay

conf i gur ed itie ryarg) bhesust thermeiat ¢gpnsystenss may be contigured 1o scan the diurmnaucn

spot over grating targets.

Another embodiment relates to a metrology method. The metrology method
ncludes shaping a diffraction-limited light beam in the entrance pupil of illumination
26 optics in such a way that the irradiance farther than 1.5 microns from the center of an
dhumination spot in the wafer plane is less than 1 ()mé of the peak frradiance of the center

of the spot. Shaping the diffraction-limited Hght bear in this manner way be performed
as described further herein (e.g., using an apodizer as described further herein). The

metrology method also includes directing the diffraction-limited light beam to the

25 iillumination spot on a grating target on a wafer. Directing the light beam to the

tilumination spot may be performed as described further herein {e.g., using optical
clements described further herein}. In addition, the metrology method includes collecting
scattered light from the grating target. Collecting the scattered light from the grating
target may be performed as described further herein (e.g., using optical clements

36 described farther herein). The metrology wethod further includes rejecting a portion of
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spot over grating targets. Anot her enbodi ment relates to a

nmetrol ogy nethod. The netrol ogy nethod includes shaping a

di ffractiwo-2biwizgsdd | i ght beamin the entrance pupil of pCiriuspemasisen
200ptics in such a way that the irradiance farther than 1.5 m crons from
the center of an -6. illumnation spot in the wafer plane is |ess than 10
of the peak irradiance of the center of the spot. Shaping t he
diffraction-li beam i n_ this manner erforne escri bed
further herd 'H(eat@g scat H@%?@&ﬂp%ap%%é@zﬁeéw%atfqufﬁ%ﬁi 0&@?@? %@wdrhe
met rol ogy nELhed; %%%M% IgiASnd] LR G e diklRRLLORid Mibpdidy oht beam
to the |Ilun1nat|dh sSpot on a grating target on a warf er . [ﬁrectlné

| i ght beamcbofigired k4 dasniiat icorins phite meyolbgy petibdrivedndsddeserimetef urt her
herein (e.g., u ptlcal el ement s descri fur her. here

addi ti on, Lt S GYPOREh SO STE R Hie g adts Aigf eforarel ﬁ)&fﬁhén from the
grating targelionGak Bﬁ%&lﬁg rﬁ&ﬁu@ﬁi@fuﬁ@&" el 9bufhoms bR Grati NG L aroet may
be perfornmed as describ further herein (e.g., using optical elenents
30descr|bedcﬁuf@hbﬂnhéKELng ththeatmetd ladlogyd getdnodhefibe thent mmcbapesormed
rejecting a por $o€ | g[)2q11/028807 CT/ US20 0/0?75 9 the}colleqﬁqd
scattered PFGRCPR At Pt Pigg PUEGSr RS ELEF Y TR TN IBIBF the

col l ected seatdsnadehb@nlumBh-hecpe&tanned (ﬁslfigi%ﬁﬁbagpsﬂmt: ufmerwb@;nm&
(e.g., using a -Tield stop configured as described herein)y. The metrology
met hod aIs@hau@p@dékﬁden@@gﬂngimhe&xmainepédpbﬁgmmXEubbsqﬂ@dﬁmﬁﬁﬂh@ﬁect|ng
t he portlon of the collected scatt red b ln %ﬁgltlon t he metrol ogy
nethod}lncIﬁaeg“aeﬁéPg?Fﬁﬁqbﬁf%ﬁ?“4%%%8% 4316{&@{ detected scattered
light. Detecting the scattered |ight and generating the output may be
performed as described further herein (e.g., using a detector configured as
descri bed her ei e ifHeodmty elsogylurstshothefrasutiied ainel tidelspevbthwinmitng! &
characteristic of t gratin ta ing t| out m.ni,ng t he

har act or i et € ity i etarh M Thutd PRt Fo R e B Tu T b ng o
conput er sysiep.an dwigx%r@ﬁinoaﬁl desei 1}@%@3@@%@1@5 M any manner KRG ARL ﬂﬂ@iﬁ”@hga' SO

i nclude storing results of any of the step(s) of the nmethod in a storage
medi ubi  Thelareguhedumayay ncluddenanytabke e@m@&rr@s@m@m@s@nﬁiﬁeﬁt héfied the (e. g. ,
a charactenL§ é at tar an er knomn
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known in t hgs@ivled hafd, @6rnlad@d for display to a user, used by another software module,
method, or system, etc. Furthermore, the results may be stored “permanently,” “semi-
permanently,” temporarily, or for some period of time. For example, the storage medium
26 may be random access memory (RAM}, and the results may not necessarily persist

indefinitely i the storage medium,

The method described above may include any other step(s) of any rocthod{s}

described herein. lo addition, the method described above may be performed by any

25 metrology system embodiments described herein,

Further modifications and alternative embodiments of various aspocts of the
invention will be apparent to those skilled i the art in view of this description. For
exarmple, metrology systems and methods are provided. Accordingly, this description is

30 to be construed as tllustrative only and 1s for the purpose of teaching those skilled in the

art the general manner of carrving out the invention. It is to be understood that the forms
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results have been stored, the results can be accessed in the storage nedi um
and used as described herein, formatted for display to a user, used by

anot her swbtearmesswdul e, net hod, or system etc. Furtheroors2omwherssesul ts
may be stored "permanently,” 'sem permanently,"” tenporarily, or for sone
period of tinme. For exanple, the storage nedi um 20may be random access
menory (RAM, and the results nay not necessarily persi st indefinitely in

t he storage t hod descri bed above ude any

ot her step("g%ﬁdﬁ‘“%&?nﬁﬁ?‘h’éa‘%‘%f“ﬂ%é?} HEBA APk deRRTETSHY NFHE bt hod
described: abmyeirrs. bacRERS AT ARK BOURLAQLRGY, wstem.arhodigent s
descri bed herein. Furt her fications and al ternative enbodi ments
of varlousc@spémﬁéxmﬁlpm@smnMﬁnhmmmnmyma@Eu&@b&hén@tﬁ@ﬁﬁhm&eﬁﬁkwIIed in
the art in.view of this descripti of exa nmet r ol ogy S and

mot hods ar 4 Y5RB0T 9. PeALERHTAE 30% ﬂd%&“é?%u@ﬁaﬁvgt 'soMS sHUCH Ghie riled as
'llUStfat'%%$9ﬁ£Xm§ﬂgbL§iﬁ%ﬁﬂﬁ@@m@ﬁﬁ@@§ﬁ%ﬁunﬁ@%ﬁgingﬁggﬁﬁw§géhhﬁgnhﬂuthe
art the general manner of can-,,,,,ing out the invention, It
understoodsimmmﬁimﬂmﬂﬂﬁﬁsrmmh&@h@x&m&@mﬁﬁhmnﬁh@mnnandb@ﬁgcﬁﬂbedVMRmema are
to be taken%as t he ﬁ ?antly ?referred enbodi nents. Elenments and materials
may be subdFiTHFRH FEIOYHYEE St4Plistrated and described herein, parts and
processes may be reversed, and certain features of the invention may be
utilized independently, all as would be apparent to one skilled in the art.
after having the benefit of this description of the invention. Changes may
be made in the el enents described herein without departing fromthe spirit
and scope of the invention as described in the -following clains. WO
2011/ 028807PCT/ US2010/ 047539 WHAT IS CLAIMED | S:
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A netrol ogy system conprising: a tight source configured to produce a
diffraction-limted |ight beam an apodi zer configured to shape the |ight
beam i n tWwe entmssece pupil of illum nation optics in suebTaSyayp/0815as t he
irradiance farther than 1.5 microns fromthe center of an illum nation spot
in the wafer plane is less than | e of the peak irradi ance of the center of
the spot; optical elenments configured to direct the diffraction-limted
i ght beam fromthe apodizer to the illum nation spot on a grating target
on a mafer‘%ﬁ%§¥éﬁggvEé@?®§§éttered tight fromthe grating target; 15 a
field stop configured to reject a portion of the collected scattered |ight;
a detector configured to detect the scattered |ight that passes through the
field stop land tongenegatestous@utprisegponsi ve to the detected scattered
|l i ght such that 20the grating target is neasured by the netrol ogy system
using scatteronetry; and a conputer systemconfigured to determ ne a
characferistic %fii%hb%iﬂ&%dn%%mte@rigEl;ﬁd'd@é REihhQi AUERMED idR boam;  The
metrol ogy systemof claiml, wherein the I'ight source conprises a | aser and
a single-node fiber, 3.The netrol ogy systemof claim1, wherein the
H11um nation Sp%l a.;oagdigzag'ecegﬁgw‘gg to shape the light bearn in the entrance pupil of

iifumination optics 1o such a way that the irradiance farther than 1.5

microns from the center of an tlumination spot in the wafer plane is less

1 than 107 of the peak irradiance of the center of the spot;

optical elements configured to direct the diffraction-limited light beam from the
apodizer to the llumination spot on a grating target on a wafer and o

collect scattered light from the grating target;

15
a field stop configured to reject a portion of the collected scattered light;
a detector configured to detect the scattered light that passes through the field stop
and to generate output responsive to the detected scattered light such that
26 the grating target is measured by the metrology system using
scatterometry; and
a computer system configured to determine a characteristic of the grating target
using the output.
25
2. The metrology system of claim 1, wherein the light source comprises a laserand a
single-mode fiber.
3. The metrology system of claim 1, wherein the tlumination spot on the grating
38 target has a diameter that is iess than 3 microns.
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30target has a dianmeter that is less than 3 mcrons. WO

2011/ 028807PCT/ US2010/ 047539 4. The netrol ogy systemof claim1l, wherein

t he gratiwgQ 20avogsdo7has | at eral dinmensions of |ess than POTriSce100$758Yy | ess
than 10 microns. 5. The metrol ogy systemof claim1, wherein the netrol ogy
systemis configured to scan the illum nation spot across the grating
target while the scattered tight fromthe grating target is being
col | ect ed,

rol ogy s m of claim.1, wherein scatteronetry
conpri ses angl e ?@é%thé%z«s% et &ﬁf’éfm“ FEpin e ﬁﬁé‘%ﬁé’féﬁb%ﬁg%@@stem of
claim L, whEhElRrkReISCakhAUMREY beQIRILSED ARGYS, resol ved scat ter omel 'y

perforrred using multiple discrete velengths. 8. The inetrol ogy system of
claim1l, wherein the scatteronetry conprises 1l5spectroscopic scatterometry.

9. The netrol ogy, system of cla erein the scatteronetry co ses
spectroscopic sCAFTRTH! W%%awr?&}wgp (EiCFg" FHEPF?‘B%%%%"H?‘@E%‘F«SO %&P e

2010. The ”%E&Pzﬁa@%l’un%&ﬁ%ﬁ{@p%i d&b%' tH@: Q;mtl‘ﬁ'@@Jlgét%ﬁlf%e{hé)&tah‘é&h E%h?ﬁ&'ﬁtiﬁ@ conprise
a polarizer positioned in'the path the diffraction-linmited [ight beam

and an analgyzer: tpgsi kibomgdolliecithe path of the collected scattered |ight,
and wherein the polarizer and anal yzer are configured such that the
scatteronetry can be perfornmed using multiple polarization states.

6. The metrology system of claim 1, wherewn the scatterometry comprises angle-

resolved scatterometry.

7. The metrology system of claim |, wherein the scatterometry comprises angle-

resolved scatterometry performed using multiple discrete wavelengths.

8. The metrology system of claim |, wherein the scatterometry comprises

15 spectroscopic scatierometry.

8. The metrology system of claim 1, wherein the scatterometry comprises

spectroscopic scatterometry performed using multiple discrete angles.

26 10, The metrology system of claim 1, wherein the optical elements comprisc a
polarizer positioned in the path of the diffraction-linuted light beam and an analyzer
positioned in the path of the collected scattered hight, and wherein the polarizer and
analyzer are configured such that the scatterometry can be performed using multiple

polarization states,

N2
i

11, The metrology system of claim |, wherein the optical clements comprise a
polarizer positioned in the path of the diffraction-limited light beam and an analyzer
positioned in the path of the collected scattered light, and wherein the metrology system
is configured to usc at least the hight source, the optical elements including the polanizer

30 and the analyzer, and the detector to perform ellipsometry measurements of the wafer,
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25 1 1 .The nmetrol ogy systemof claim1, wherein the optical elenents
conprise a polarizer positioned in the path of the diffraction-limted

| i ght beawOand/m@ssoanal yzer positioned in the path of thecralsk@owers3o
scattered light, and wherein the nmetrol ogy systemis configured to use at

| east the Iight source, the optical elenents including the polarizer 30and
t he analyzer and the detector to performellipsonetry neasurenents of the
waf er, 2011/?%8807PCT/U82010[ 47539 12. The netrolo st n]of claim
i, whereinZt he 'dEApUREESYSERN iU HEFEOREFPRRFEE S 1Y Y&t &Ffitine. a

char act eri %hﬁmgé?]% adhl b d OETREL AN e WBLREHS] DOnEULRYLSBEN f%ed by the
detector durin | psonetry neasurenents . The netr 6l ogy system of
claimi1, mﬁwn@umdmhehdd@@ﬁmshmmgnbfﬁhpwm@nnenemu@nmam.optlcaI axi s al ong
whi ch the collected scattered light travels to thereby reduce ghosting of
the collected scattered |light on the detector. 14. The netrol ogy system of
claimd, wherei 'THJE&%AR@&@%@L&EJ SeNES! Q\fh%rul'ﬂ{ﬁcr[?did %ﬁf;b gured.Lq soncentrat e
ghost inmages of the collected scattered l'ight to |ocal i zed areas in an

i magi ng pupiplic cdfu\tbhéongpis hiclatheaioBrend scagrretidighpreats tbhecrghostiuéanggesnpot
across the jmgjn 1o reduce irradiance of the ghost images. 15. The
met r ol ogy é@%?g%?%ﬁb%fﬁﬁﬁléﬁtﬁﬁéF 49¢4%e characteristic conprises critical
15di nensi on of patterned structures in the grating target. The

nmetrol ogy systemof claim1l, wherein the characteristic conprises overlay
of patterndd. st r’ﬂmmmgéogvm@ﬂam gfrcdiinny vthargethewiptibalrdepett ae duplatrt er ned

structures of .ano t|n et formed,. on the wafer, and wherein the
orati b ¢ acgeRdrn inetofing bt o0har et e s Rnden o Tliel S
layers of theswalgks pupil of the optical clements or to spread the ghost images out across the

imaging pupil to reduce irradiance of the ghost images.

15. The metrology system of claim |, wherein the characteristic comprises critical
i5 dimeunsion of patterned structures in the grating target,
16, The metrology system of claim 1, wherein the characteristic comprises overlay of

patterned structures in the grating target with respect to patterned structures of another
grating target formed on the wafer, and wherein the grating target and the other grating

26 target are formed on different layers of the wafer.

17, The metrology system of claim 1, further comprising an additional detector
configured to generate an 1mage of the wafer, wherein the computer system is further

configured to determine an additional characteristic of the grating target using the image.

N2
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18.  The metrology system of claim 17, wherein the characteristic comprises
scatterometry-based overlay, and wherein the additional characteristic comprises

imaging-based overlay.
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17. The metrol ogy systemof claim1, further conprising an additi onal
detector configured to generate an image of the wafer, wherein the conputer
syst em i swbantiessoconfi gured to detetm ne an additi onal pcnarsaewesissei c of
the grating target using the inmage. 25 18. The netrol ogy system of claim
17, wherein the characteristic conprises scatteronetr:,",--based overl ay,
and wherein the additional characteristic conprises inmaging-based overl ay.
WO 2011/ 028807PCT/ US2010/ 047539 1 Th troI y syﬁ m of claim17,

wher ei n t he “opt i 'd&IMHRMBHYSe %?%@ei a?‘i‘"‘ﬁ’r?f‘b@‘g PEYE k‘él&mnaﬁif’éénto
collect thepseatd Rhedol ol HlamLhg Qﬁﬁérb@go}giaﬁ&ﬁ%@g}gu&pﬁf46 Wied to
collect light fromthe wafer used to generat@ the ina he netrol ogy
syst em of cbafigardqd todvdicei inpht frenofpt wedlr uedzkéﬁmmsiaw%cimmgoher configured to
direct the scattered |ight that passes through the field stop to only a
first portion of the detector, wherein the optical elenents are further
confi gured 70 d'ﬁll%%u%i&ﬂf %&@& afcidiber, didcthiaat (%"Edai'cmﬁa&& 1L ghinbeam to
only a second portion of "the detector W thout first directing the portion
of the d|fﬁpahgnamahhnktédstmgm@ih@aﬂrnpaﬁu@hwa@@nu;addawmap@nhuiﬁﬁisecond

ortion of the d I does not .over. wth the first portjon,.of the
ot eetor . BT 1t TRt R i rtieh 2ov Bt P2l brent s

are further,confdaw @@h :S&ogli{n%ﬁid thenssatd &ﬁ@@l Ld&gﬂtpohh%tom@éé@& ;b ough
the field stop to only a first 15portion of the detector, wherein a. second

portion of wieut8tsedironingeespmoon bt dzwaetmm hmaadi bgint bgemep dcedaloy andl y t he
second portlon of, the detector stemto calibrate
he ot put YEHER diectic Lo ue BE (ERCPRdRee PSRBT LR PRt Bt o

scattered lg.@bt.rin the first portion of the detector, and wherein the

second portion of the detector does not overlap with the first portion of
the detector.

21 The metrology system of claim |, wherein the optical elements are further
configured to direct the scattered light that passes through the ficld stop to only a first

i5 portion of the detector, wherein a second portion of the detector sees no light, wherein
outpul geuerated by only the second portion of the detector 1s used by the computer
system to calibrate the ountput generated by the detector that is responsive to the detected
scattered light in the first portion of the detector, and wherein the second portion of the
detector does not overlap with the first portion of the detector.

20

22, A metrology method, comprising:

shaping a diffraction-hmited light beam n the entrance pupil of illumination

optics w1 such a way that the wrradiance farther than 1.5 mucrous from the

N2
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center of an illumination spot in the wafer plane is less than 107 of the

peak irradiance of the center of the spot;

directing the diffraction-limited light beam to the illumination spot on a grating
target on a wafer;
3¢

collecting scattered light from the grating target;
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20 A metrol ogy nethod, conprising: shaping a diffraction-limted |ight beam
in the entrance pupil of illum nation optics in such a
way that wbeoiwvmssdrance further than 1.5 mcrons from tireTABc@0ers3of an
illumnation spot in the wafer plane is |ess than 10-6 of the peak

irradi ance of the center of the spot; directing the diffraction-limted
light beamto the illumnation spot on a grating target on a wafer; 30
collecting scattered light fromthe grating target; rejecting a portion of
the collected scattered light fromthe grating target; detecting the
scattered |ight .su : - Sai gL 8l esting i; LAt g +responsive
to the detected rggga){? %3%}2%%?% ggh(htt%g Cgahr%édgé efcté*{rt%g%iilggﬂggr%tﬁl%&g%%iigtg%eit’c of the
grating target using the output.

detecting the scattered light subsequent to said rejecting;
generating output responsive to the detected scattered Hght; and

deterrmining a characteristic of the grating target using the output.
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