METHOD AND SYSTEM FOR EVALUATI NG AN OBJECT THAT HAS A REPETI Tl VE PATTERN
RELATED APPLI CATI ONS [ 001] This application is aNONPROVI SI ONAL of, clains
priority to and incorporates by reference U S. Provisional Patent
Application No. 60/949,461, filed July 12, 2007. FIELD OF THE | NVENTI ON
[002] This invention is generally in the field of automatic opti cal

eval uation of objects such as nmasks or wafers that include a repetitive
pattern. BACKGROUND OF THE | NVENTI ON [ 003] Objects such as wafers and
phot onasks are evaluated by illum nating the object by radiation and
detecting signals that are scattered fromthe object, are reflected from
the object or pass through the object. The radiation can include |ight
radiation, ultra violet radiation and deep ultra violet radiation. [004]

The detected S{EFROB ANDSYNIIM FOREVALOALING ANOBIMR 1kRPYWASdef ect detection
al gorithns. Sone of the algorithns include conparing detection signals that

represent an inspected patteRFPESIHYERAHIRN ng signals that represent a
reference pattern. The latter nay be for exanple a corresponding simlar
pattern in another region of the object under inspection (comonly known as
"Die-to-Di e" inspection). Another exanple is a synthetic pattern produced

by an appro -L%ﬁlfﬂifﬂﬁﬂﬂgﬁge' ing of a desired design (as in

"Di e-t o- Dat abase™ conpari so [005] In nmany cases the inspected object
i ncl udes a rﬁﬁetitive pattern. The regetitive pattern includes nmultiple

regul arly rdWfeat Thivprelicaticntisip NPNBREMENYNALRE chimsipromidddifound.  These

nul ti pl e regitbblaiés byeieRahid 0S SréviGdudl BatenCASINEINbS NA68/99044 10 Aled Y ,
di stingui shable from 1 their background. For exanple, while the nultiple

regularly réﬂéé%ﬁwy'structural el enents can be opaque the background can be
transparent.
FIELD OF THE INVENTION

[002] This invention is generally in the field of automatic optical evaluation of objects

such as masks or wafers that include a repetitive pattern.
BACKGROUND OF THE INVENTION

[003] Objects such as wafers and photomasks are evaluated by illuminating the object
by radiation and detecting signals that are scattered from the object, are reflected from
the object or pass through the object. The radiation can include light radiation, ultra

violet radiation and deep ultra violet radiation.

[004] The detected signals are processed by one of few well known defect detection
algorithms. Some of the algorithms include comparing detection signals that represent
an inspected pattern to corresponding signals that represent a reference pattern. The
Iatter may be for example a corresponding similar pattern in another region of the object
under inspection {commoniy known as “Die-to-Die” inspection). Another example is a
synthetic pattern produced by an appropriate physical modeling of a desired design (as

in “Die-to-Database” comparison).

[005] In many cases the inspected object includes a repetitive pattern. The repetitive
pattern includes multiple regularly repeating structural elements and their background.

These multiple regularly repeating structural elements are optically distinguishable from



[006] Wth either nethod, detection signals of the object (that may form an
image of the inspected object), are subtracted fromreference signals (that
may forman inage of a reference object), and sone sinple netric of the

di fference, such as its peak absolute value, is used for determ ning

whet her a defect exists. [007] The intensities of the detection signals of
the inspected pattern can be proportional to the squared absol ute (conpl ex)
anplitude of the electric fields associated with the inspected object but
can, additionally or alternatively, be proportional to the field
perturbation due to the presence of the defect. . [008] Defect information
representative of defects that appear over regions of the pattern that give
rise to lowanplitude i mage electric field may typically be substantially
weaker (and terdackaronut Foesivnds, while themaltiplo regilarliepeatingsstruéterel appear over

regi ons of %ﬁﬁleﬂ@éaﬁl%é&a\‘i&%@b& Olﬁlggﬁlbteiﬁgﬁgp;rgmge electric field has a

substantial anplitude. [009] Figure 1 illustrates a non-limting exanple of
ortion 12 of a repetitive ttern, 11 of an object 10. Repetitive pattern
"1 i ncl udes o4 t‘f“ﬁf gities etbodn qteavwlgaf}aaﬁée Obﬂeéb(fﬂah‘?li‘ O%ﬁ’églgger@ structural

el ement' s sugtk i&pedidddBRctil 4fe bibiradidd 20m Rfeend(ghhls (Hatmad f@m ah @fidgedr over a
background such as transparent. line 15 A %Rgﬁt%stanti aI.Iﬁ E(r% arent defect
16 i s | ocat @dTHBE 8Ipchy AnFiSpAe HPle pisiic Phipafiligsreessught i Bk 208 eant i al | y
opaque def echlud T us&d fol dRGahiatlg Mhake adefect\ekitthi n) background 15. It is expected
that defect information relating to defect 16 will hardly be noticeable, or

w ll not be I: e . . ] I t a position in
whi ch t he vﬁ(ﬁ%nﬁgﬁ%ﬁﬁahsdoef?%fdlgtg{tﬁﬁglgéagsn%pﬁ§nsg%efl ﬁ%@a‘%ﬁggn information is
high. It isproprichal tedhe squrgleheiud (complen) kmplitglsfoé te sleethiaficlésr e | ocated within
different b%&%a&%‘aﬁhgﬁgbe&&ﬁ%ﬁh%t el dabRbRNY oxflﬁtter%%we&“bes' gnals. [0010]

Figure 2 illustrates prior art detection sighals obtarned from scanning that
portion of trporiagsbtojthe fiedd pseterbation dueto fhepresgneceidha defec ng curve 24 illustrates
the el ectromagnetic field expected to be forned

[008] Defect information representative of defects that appear over regions of the

pattern that give rise to low-amplitude image electric field may typically be
substantially weaker (and even unnoticeable) in relation to defects that appear over
regions of the pattern where the resulting image electric field has a substantial

amplitude.

[009] Figure | illustrates a non-limiting example of portion 12 of a repetitive patiern
11 of an object 10. Repetitive pattern 11 includes multiple substantially opaque
regularly repeating structural elements such as lines 14(1), 14(2) and 14(3) that are
formed over a background such as transparent line 15. A substantially transparent defect
16 is located above {or within) line 14(3} while another substantially opaque defect 17 is
located above (or within} background 15. Tt is expected that defect information relating
to defect 16 will hardly be noticeable, or will not be as noticeable as defect 17 that is
located at a position in which the value (amplitude, field strength} of the pattern
information is high. It is noted that in general, similar defects that are located within

different backgrounds can result in different detection signals.

[0010] Figure 2 illustrates prior art detection signals obtained from scanning that
portion of the repetitive pattern.



on a sensor as a result of an ideally defect free reference repetitive
pattern. The net electronmagnetic field received (at a sensor) at the

| ocation of defect 16 is denoted 26 and the el ectromagnetic field received
at the position of defect 17 is denoted 27. On the bottom panel of Figure
2, the net intensities received at a sensor of defects 16 and 17 are
illustrated, denoted 26' and 27', respectively. [0012] As can be clearly
seen in Figure 2, the difference in electric field due to defect 16 is nuch
smal l er than that due to defect 17. As a result, defect information relating
to defect 16 can be hardly noticeable by an inspection process. Hence there
is a need for systens and nethods that enable defect detection also at
positions where the anplitude of the pattern field is small. SUMVARY OF THE
| NVENTI ON [ 0%918] OsAillatyngteanve Porlusmaigh atlerigmagnetbiideexphaed tnbe farmedpet i ti ve

pattern, t h%n §¥e%§cfr‘§§ aﬂe&‘ft'o‘f‘%ﬁeaﬂ? d&}?ctt %r‘é@xjefel-éﬂée repe\’}'ﬂ’k% %‘Jté?n thepkPti cal unit

|ncludes illumnation optics, [ ection tics an a radi ati on detector;
wher ei n t he eleftroamantetie ﬁ@@\reefqué«'ﬁ als@sﬁbﬁﬁteé@atl@ of defect 46 sgoroteddd r adi ati on over

the repetit ¥ enPaldShibnstoitiAsceRd Q%%Eﬂoﬁhﬁm @ el (ACHLRRABAIGEr N that
includes nultiple diffraction |obes; wherein the collection optics is

adapt ed to fhsdasom paelof Bisere2elbe ot infeagiiiasrecained at apansaief dedssitlberdd pat t er n:

wher ei n t he .f.0h4e86L. Iai-abd qmz-ﬂ nehigedy.a single diffraction | obe while not
i ncl udi ng ot her di ffractl on | obes; wher ein the detector generates detection

si gnal s, S e foc ected r a in the optica
unit is adaz(szg]‘!t‘ ‘Tﬂ? ?’ﬁeen&]t%'s‘%‘r ef)‘?i’ceslﬂag&tg k ‘fldlfeﬁglgeg%“?ector

radi ati on paBEemmhhHAkrmmnnmﬁ&ﬁsdak&ﬂv3&aﬁadMakﬁamﬁpamﬁ@nﬂmm@n@onent that
results fro titive ttern and a sec atlon attern
conponent tﬁgggﬁgg ﬁ%ﬁ“@?&%ﬁ Ztﬂ@?@@ngmHﬁ%?g?ﬁa?ﬁ%ﬂFl §Ferpd|at|on pattern
conponent | Sysstasembyecthddh that enbide dederodetbctiandilsa bl ritiorcwhpeniesmplifiie r epetiti ve

pattern incl I egularly repeating structural elenents that are
optically di s@gﬁé@ﬂgaﬁ% Fgm;lr omtheir background. [0014] Conveniently, the

first radiation pattern conponent is substantially constant. 3
SUMMARY OF THE INVENTION
[0013] A system for evaluating an object having a repetitive pattern, the system
includes an optical unit; wherein the optical unit includes illumination optics, collection
optics and a radiation detector; wherein the illumination optics is adapted to scan a spot
of radiation over the repetitive pattern such as to generate a diffraction pattern that
includes multiple diffraction lobes; wherein the collection optics is adapted to focus
onto a detector radiation from the repetitive pattern; wherein the focused radiation
includes a single diffraction lobe while not including other diffraction lobes; wherein
the detector generates detection signals, responsive to the focused collected radiation;
wherein the optical unit is adapted to maintain, at a detection surface of the detector, a
radiation pattern that comprises a first radiation pattern component that results from the
repetitive pattern and a second radiation pattern component that results from the defect;
wherein the first radiation pattern component is stronger than the second radiation
component. The repetitive pattern includes multiple regularly repeating structural
elements that are optically distinguishable from their background.

[0014] Conveniently, the first radiation pattern component is substantially constant.



[ 0015] Conveniently, the collection optics is adapted to collect radiation
that includes nmultiple diffraction |lobes, to block all diffraction | obes
except a single diffraction lobe; and to focus onto the detector radiation
fromthe repetitive pattern that includes that single diffraction |obe.

[ 0016] Conveniently, the collection optics is adapted to focus onto the
detector radiation fromthe repetitive pattern; wherein the focused

radi ation includes a single diffraction |obe and a portion of another
diffraction | obe. [0017] Conveniently, the collection optics is adapted to
collect radiation that includes multiple diffraction |obes and to bl ock al
diffraction | obes except the single diffraction |obe and the portion of
anot her diffraction | obe. [0018] Conveniently, the collection optics is
adapt ed t o CWIfleCenveretitisittheorelledion oritinti edbetsd 0 coldehrgiliaticditiat nglgddson | obe whil e

not col I ect i, giRlaiHehctdh foBésatStbloE’lE‘aﬂ cﬁﬁx%&mnﬁ&@é&]cep@m@é‘&ﬁﬁ%&&ﬁ lofe® col l ection

optics is adaltp to col radiation that includes a single diffraction

| obe and at at aiftcu%pnpsdhq ﬁleéﬂqtootadlamﬁwth@ltewma@mﬁ@n thapigeludeh thate not

col l'ecting gt Begachidifgacti on 1 obes. [0020] Conveniently, at |east one

entity out of the rrultlple regul arly repeatlng structural elenents and

t heir backgr d_are at arti al Ig g ar ent aHd wherein at | east
apje e

one |l ens of | qoﬁ ‘EHVF‘E?PtﬂV’ot %’ ?ﬁgﬁ%ol’é‘ﬁﬁls Cug Ao &4 the illumi nation

optics are rqadsod fraxned repétitop padisint Qhe!iélﬁiﬂis fdhflseﬂ hiafdd) iecthides § 602 |

Conveni ent | t he | ti Ie regul ar |ng structural elenents and their
backgr ound ﬁiﬂé Cg?nlggaaélfl B%%P?ﬂ%ﬂ“{?“ é‘ﬁtﬁaég?nia] B and wherein at |east one |ens
of the collection optics and at |east one lens of the illumnation optics
are positi offéd7]atonyergentiy, the eletipn erities is edspied to.coll@0Rdpticaddkay walndsst | y, t he

system i ncl 'rlﬂﬁ&ﬂe%ﬁﬁﬁéﬁ%&ﬁ)%ésr&ﬂd k&rMJck Bﬁ"éﬁfra‘ct%on%?éx%%t R siﬁél@‘&ﬁﬁa%no& he detection

signals in order to evaluate the object 0023 nmet hod for eval uating an
obj ect havi ﬂ@eaﬂdrtwoploﬁ@oﬁaﬂlﬁ’ﬂﬁmnﬂ% met hod includes: (i) scanning a
spot of radiation over the repetitive pattern such as to generate a

[0018] Conveniently, the collection optics is adapted to collect radiation that includes a

single diffraction lobe while not collecting other diffraction lobes.

[0019] Conveniently, the collection optics is adapted to collect radiation that includes a
single diffraction lobe and at least a portion of another diffraction lobe while not

collecting further diffraction lobes.

[0020] Conveniently, at least one entity out of the multiple regularly repeating
structural elements and their background are at least partially transparent and wherein at
least one lens of the collection optics and at least one lens of the illumination optics are

positioned at opposite sides of the object.

[0021] Conveniently, the multiple regularly repeating structural elements and their
background are at least partially reflective and wherein at least one lens of the collection
optics and at least one lens of the illumination optics are positioned at a same side of the

object.

[0022] Conveniently, the system includes a processing unit that is adapted to process

the detection signals in order to evaluate the object.

[0023] A method for evaluating an object having a repetitive pattern, the method

includes: (i) scanning a spot of radiation over the repetitive pattern such as to generate a

4



4 diffraction pattern that includes nultiple diffraction |obes; wherein the
repetitive pattern includes nmultiple regularly repeating structural

el enents that are optically distinguishable fromtheir background; (ii)
collecting radiation fromthe repetitive pattern and focusing onto a
detector focused radiation that includes a single diffraction |obe while
not including other diffraction | obes; wherein at a detection surface of the
detector, the focused radiation has a radiation pattern that conprises a
first radiation pattern conmponent that results fromthe repetitive pattern
and a second radiation pattern conponent that results fromthe defect;
wherein the first radiation pattern conponent is stronger than the second
radi ati on conponent; and (iii) detecting the focused col|ected radiation
and in respdiBetigeréers thahigclades apltiplsqifiacgpmlobes; Wieren defepetitige Patfn024)

Conveni ent | ynduhssqndmlﬁé&gmglrégemg SBRREE ERmERRARR Yl Ay Subst antial Iy
constant. [0025] Conveniently, the nethod includes collecting radiation

t hat i ncl ud&istingyishablsifeom teir Haekgrqund{ii) cobrsgngadiatimdieRy thayeptifivedi ff r act i on | obes
except a si nglegh Al bl dn@h deRBSr focsQA2RtioPRRVRALREH LiXgle difRicER! | ecting

i ncl udes focusing onto the detector radiation that _includes a single

di f fracti on l9bgpailepeyingluding pthes diflsactionisbesevhegrit #t 2 detestign syritreet tro027]

Conveni ent | etedi}ehdBEREadlien Wae:Sradiftloh @itk Watlcabpraibd O stl-itidtion NCl udes
multiple diffraction | obes aqg b] ocki ng all diffrac%uﬁn,lobes except a
singl e diff PHEM GRPPISREIAFUIS Topghe TR gt PaLFTD P SepPf FRREI RHC obe. [ 0028]
Conv?ani egt :c fyomlsdnau ﬂﬁTﬂ@%ﬂs fréif rm@eﬁctgﬂ{ereﬁcmém@trﬁtﬂﬂﬁﬁbh&ﬂ} (fcoh@bnehml ngs a
single diffraction |obe while not collecting other di actian | obes.
00907 Cony SHIEHIT TepRa BT eI G aH] fectrile PRrCRi oyt mel udes
a single dirddiatiacinddmrelpohee ganechting ddi@dai sighalpdyaidesct@f anot her diffraction

| obe while not collecting further diffraction | obes. [0030] Conveniently,

the nul tipl eqp@ody ﬁkaéu{,m%amgm&ug&méon&h%@m@r@ggg&aﬁér background

are at least partra ransparent ‘an el n the I ncl udes

collecting radiation that passes.through the object. i
{0025] Conveniently, the method includes collécting radiation that includes multiple

diffraction lobes and blocking all diffraction lobes except a single diffraction lobe.

[0026] Conveniently, the collecting includes focusing onto the detector radiation that

includes a single diffraction lobe and a portion of another diffraction lobe.

[0027] Conveniently, the method includes collecting radiation that includes multiple
diffraction lobes and blocking all diffraction lobes except a single diffraction lobe and a

portion of another diffraction lobe.

[0028] Conveniently, the method includes collecting radiation that includes a single

diffraction lobe while not collecting other diffraction lobes.

[0029] Conveniently, the method includes collecting radiation that includes a single
diffraction lobe and at least a portion of another diffraction lobe while not collecting
further diffraction lobes.

[0030] Conveniently, the multiple regularly repeating structural elements and their
background are at least partially transparent and wherein the method includes collecting

radiation that passes through the object.



5 [0031 ] Conveniently, at |east one entity out of the multiple regularly
repeating structural elenents and their background is at |east partially
reflective and wherein the method includes collecting radiation that is
reflected fromthe object. [0032] Conveniently, the nethod includes
processing the detection signals in order to evaluate the object. BRIEF
DESCRI PTI ON OF THE DRAW NGS [0033] In order to understand the invention and
to see howit may be carried out in practice, an enbodinment will now be
descri bed, by way of non-limting exanple only, wth reference to the
acconpanyi ng drawi ngs, in which: [0034] Figure 1 illustrates a portion of
repetitive pattern and two defects; [0035] Figure 2 illustrates prior art
detection signals obtained fromscanning that portion of the repetitive
pattern; [0088]] Epuyementls, 4t lehsy grereatite Sutepf dy srultiplefregulagly sdpesding ng an obj ect
having & I eRGlubd YEmBAL 48 iic bAREo AR Idus BREHEGoRRGRE Hhiiin ki@ an enbodi ment

of the invention; [0 Figure 4 1llustrates radi ation pattern across an
obj ective | él@%loé@é]@‘ﬂw@i cting radiptign ﬁi‘étrls @ﬂfféﬁ@lﬁi?ﬁlﬁbe @ecthe i nvention; [0038]
Figure 5 illustrates detection signals obtained from scanning a porti on of

the repeti t[(ioxm padvefiedily fie hdiBodamdlidey froddysidghiee diesionmigadls ilogler® 3, according
to an enbodi of . the invention; [0039] Figure 6 illustrates detection

si gnal s obt ﬁ‘ﬁ & %5Bifscanning a portion of the repetitive pattern by the
system of figure 3, according to another enbodi nent of the invention;

[ 0040] Fi guB@IEFDIEISGBIRHOébOElTHEtDWMSevaI uating a object having a
repetitive pattern according to an enbodi ment of the invention; and 6 [0041

] Flk gure 8 idossiSh bREAS uSRRRhE P o bdtidh RAItY sde BSW ithsy BPEAidagdt hr om si nul ating a
ma practice, an embodiment will now be described, by way of non-limiting example only,

with reference to the accompanying drawings, in which:
[0034] Figure 1 illustrates a portion of repetitive pattern and two defects;

[0035] Figure 2 illustrates prior art detection signals obtained from scanning that

portion of the repetitive pattern;

[0036] Figure 3 illustrates a system for evaluating an object having a repetitive pattern

and a pupil aperture according to an embodiment of the invention;

[0037] Figure 4 illustrates a radiation pattern across an objective lens according to

another embodiment of the invention;

[0038] Figure 5 illustrates detection signals obtained from scanning a portion of the
repetitive pattern of the pattern by the system of figure 3, according to an embodiment

of the invention;

[0039] Figure 6 illustrates detection signals obtained from scanning a portion of the
repetitive pattern by the system of figure 3, according to another embodiment of the

invention;

[0040] Figure 7 illustrates a method for evaluating a object having a repetitive pattern

according to an embodiment of the invention; and



i nspection system DETAILED DESCRI PTI ON [ 0042] A nethod and a system for
eval uating an object that includes a repetitive pattern are provided. It is
noted that the system (or nethod) can apply transm ssive inspection

schenes, reflective inspections schenes, can use a pulsed |ight source or a

continuous |ight source, can utilize visible light, utilize ultraviolet
light or utilize deep ultraviolet |Ilight, can utilize on-axis illum nation,
off-axis illumnation, can include nmultiple detectors, can include one or

nore spatial filters or apertures, can perform defect detection, defect
review, netrology, and the |like. [0043] For sinplicity of explanation the
followng figures refer to an inspection of a nask by applying a

transm ssive inspection schene, It is noted that other objects (such as but
not |im ted[498iagues S lugraiss ssaplepeshiainapiresuits otained fomsinylating apetk a nmask can be
i nspect ed i phsgechidifsh@ghi ve node. [0044] Those of skill in the art will
appreciate that the intensity of a detection signal is proportional to the

squar ed absﬂﬂﬂ@?ﬁﬁ?ﬁgk Tﬁﬁgﬂitude of an electric field formed on a
detector. Accordrngly, en a detection signal is conpared to a reference

signal, the difference (SI) between these signals can be responsive to the

sum of : (i J00AZlstymathed and p Sl forgvaluifing gephiest thaltindhidens repdtivasatiernr omagnet i ¢

field introdueedidly 18s SRl the YAt (ot ﬁaetﬁ’odg Wn%%ﬂ?&m@?nis&ib@in&%&fow bation of the
I'd (SE) d by the detect,

el ectromagnetic fie i ntroduce t he ‘el ectromagnetic

field introdieaes lecvaiaseeions scheamepgan we A Pplied dight sayer arpeoniigequpe (cos 1) of

the phase amgii@oh@! ¥R afikIRde 18healizOmeanatighiol 8l1Le dech Udwbled N Mt hemat i cal
terms, the difference (Sl). between the reference |ntensH%§ (I,ef ) and the
(+
>

i ntensity ofightfan piieperpdufiyanttion,pii-gxys ilupinatien. qasinsipdsrapp 11 Sl =l -1 ~f
=I E+E, flz dbdds, caliddfudtbre or 2o sp05Rt Babértudes, cl @k fodn Fefeck 2| E, ef SE

cosO+I SEI'" . . . .
detection, defect review, metrology, and the like.

[0043] For simplicity of explanation the following figures refer to an inspection of a
magk by applying a transmissive inspection scheme. It is noted that other objects (such
as but not limited to wafers) can be inspected. It is noted that even a mask can be

inspected in a reflective mode.

[0044] Those of skill in the art will appreciate that the intensity of a detection signal is
proportional to the squared absolute {complex) amplitude of an electric field formed on
a detector. Accordingly, when a detection signal is compared to a reference signal, the

difference ( of ) between these signals can be responsive to the sum of : (i) a square
(|5E|2) of the perturbation of the electromagnetic field introduced by a defect, and (i) a

product of the perturbation of the electromagnetic field {JE) introduced by the defect,
the electromagnetic field introduced by a defect-free pattern (.. and the cosine

(cosg ) of the phase angle between these electromagnetic fields.

[0045] In mathematical terms, the difference (7 ) between the reference intensity (7, }
and the intensity of the inspected pattern { / ) can be described as:
s1=1-1, =|E+E,| ~|E,[ =\|E, [ +2[E,, oE|cosp+ s )-IE,,[ =

= 2|E,ef5E| cos ¢ +|oE|" .



7 [0046] Assuming that a repetitive pattern is evaluated, Ef (x) is the

el ectromagnetic field expected froman ideally defect-free reference
repetitive pattern (also referred to as pattern information), SE(x) is a
perturbation to the electromagnetic field introduced by the presence of the
defect (also referred to as defect information), and O is a phase between
these two fields. [0047] In regions of the inage of the nask where the

el ectromagnetic field introduced by the pattern is weak in conparison to
the perturbation &, (i.e., where | Ej (x)I << SE(x)j ), the defect signal
SI is domnated by the termquadratic in SE, viz. Sl x SEI2 . This can
occur, for exanple, when a transparent defect is |ocated wthin an opaque
regularly repeating structural elenment. [0048] Conversely, in regions where
t he el ect r offiffflchshuming Gitd repstithvg aeftendis byluatsd Hatx) éythe elpcgromagneliyy i n conpari son
to the perturbation SE, viz. | FEref | >> | SE(X)I ST dom nat ed by
he or one. t SPRESe Fiiksm gLy éff?ct-ﬁtﬁ%rgfe%f‘ﬂge SR e REHMSE This can
occur, for exeffihfermatbeNsER) ©pactebadaf weie dstubngmatbedick ihdddaced by r anspar ent
regularly repeati ngf structural el enent. &2049], When these two regines are
conpar ed, i theiPEesqrgt fidksdletertdtlsq misredie ahipfchiglornaiony#d ¢ iambest avor abl e for

def ect det egld, 0. mesd Q5Giclal, has the potential to anplify weak defect
information that otherw se would be too weak to be captured by the detection
system [0050] Accordingly, the suggested nethods and systens give rise to
an el ect ronﬁ@ﬁﬁtlpﬁegwﬁ At iinpgeod the ek BRere theelssappegnpicisld inrdecednot  di ni ni sh
to small anpy ink béRm\iaesn Qalpaiion BthEpeatbidaaBnall, ¢hérkel d i ntroduced by the
presence of the defects, that is the suggested nethods and systens avoid
the situati o @W)erBE)]|E Urdelost sigaal VT %9 Jominprddy theltemiquasistic fn 08 , Vigmai nt ai ned at
the detector. [0Q51] Conveniently, the systemand nethod provide, at a

det ecti on suf &3¢ . Bis taheccud déresdmple, wherradthngpkientilefyattis locatedtwithin anncl udes a
first radiation pattern conponent that results fromthe repetitive pattern
and a secon8PHEHFEIATAeRsaing SFUSED AFBFENt that results from

[0048] Conversely, in regions where the ¢lectromagnetic field introduced by the pattern

is strong in comparison to the perturbation JF , viz. |E,eJr (x)‘ >> |§E (x)|, o is

dominated by the cross-term 2lEmf$ ’ cos@, and thus scales linearly with &% . This can

occur, for example, when an opaque defect is located within a transparent regularly

repeating structural element.

{0049] When these two regimes are compared, it is noticed that the second case is much
more favorable for defect detection, since it has the potential to amplify weak defect

information that otherwise would be too weak to be captured by the detection system.

[0050] Accordingly, the suggested methods and systems give rise to an electromagnetic
field introduced by the pattern that does not diminish to small amplitude values below

an electromagnetic field introduced by the presence of the defects, that is the suggested

methods and systems avoid the situation where |E,ef (x)’ << |§E (x)

. This relationship is
maintained at the detector.
[0051] Conveniently, the system and method provide, at a detection surface of the

detector, a radiation pattern that includes a first radiation pattern component that results

from the repetitive pattern and a second radiation pattern component that results from

8



8 the defect. The first radiation pattern conmponent is stronger than the
second radi ation conponent. [0052] The above nentioned detector differs
froma "classic" dark field detector as it detects sone pattern
information. The above nentioned detector includes a surface that interacts
with the radiation. This surface can be referred to as a sensing surface or
a detection surface. [0053] Figure 3 illustrates system 100 according to an
enbodi ment of the invention. [0054] System 100 includes optical unit 110.
Optical unit 110 is adapted to optically attenuate repetitive pattern
information in relation to defect information. Optical unit 110 suppresses
the nodul ati on of the radiation pattern at the detector and at the sane

time achieves a strong enhancenent of the defect information. [0055] Optical
unit 110 i néledeEs: Thefighiadiationgnttap eqnapenend strengsn tvg thespropdiapipgdon 30 and
detector 14Qempohedts Noted that system 100 can include additional detectors.
[0056] Illum nation optics 120 is adapted to scan a spot of radiation over
repetitive tern 11 of. 10 ch.as t, ener. diffraction pattern
ot | nol adlBBHE g RE P MR 5ET « PO B R Ryt ETL] Sl T on
figure 3 il detsdtssame patietngniperatioro Thkesbovainéntipged detentorlimb@eXlDrfacatiat t wo

addi tional djffraction l. 09 ~(m er i ff i.on | obe) and 211
(first or de?nt%{icfsfuflglc el%élla Oggreh)%.sm[f%ﬁg %%Ir%]%ﬁl%n%ﬁSgnﬁgéﬁlfr?agés:&ﬁo or system 100
can i ncl ude deteqtignl$vafe¢eon source (not shown) that can be a

guasi - monochromati ¢ source, such as an ArF Exinmer 193 run | aser. [0058]

Conveni ent | yoos3] Higtid NlihidnARs SR80 dodbkdinD & ddRBodERaH: bthe fldntigd. 121 t hat
i ncludes an aperture (also referred to as pupil plane aperture) through

whi ch di at | t bef . hi. ; . 10. 05 Spatial filt
191 Can- cau S PEERET neite a5t LS PRI ot RS T50 o i 1 er
from t he numedmbgaiepaides fattere indérmaddn ieclatiomtodpfectdisforiidton. Spgpabunits the ratio
D 10 A B0 RRA 6 MR Gl IPRE B B OS0! | et O

optics nunerica
time achieves a strong enhancement of the defect information.

[0055] Optical unit 110 includes illumination optics 120, collection optics 130 and

detector 140. It is noted that system 100 can include additional detectors.

[0056] Nlumination optics 120 is adapted to scan a spot of radiation over repetitive
pattern 11 of mask 10 such as to generate a diffraction pattern that includes multiple
diffraction Iobes. For simplicity of explanation figure 3 illustrates the zero order
diffraction lobe 210, and two additional diffraction lobes 209 (minus cne order
diffraction lobe) and 211 (first order diffraction lobe).

[0057] Nlumination optics 120 or system 100 can include a radiation source (not shown)

that can be a quasi-monochromatic source, such as an ArF Eximer 193 nm laser,

[0058] Conveniently, illumination optics 120 includes spatial filter 121 that includes an
aperture (also referred to as pupil plane aperture) through which radiation propagates

before reaching mask 10.

[0059] Spatial filter 121 can cause the numerical aperture of illumination optics 120 to
differ from the numerical aperture of collection optics 130, Sigma is the ratio between

the illumination optics numerical aperture and the collection optics numerical aperture.



9 Spatial filter 121 can affect sigma to have a desired value. Signma can be
medium can be small, very small, large and even very |arge. [0060]
Col l ection optics 130 is adapted to focus onto detector 140 radiation (al so
referred to as focused radiation) 230 fromrepetitive pattern 11. Focused
radi ation 230 includes a single diffraction |obe (such as zero order
diffraction | obe 210) while not including other diffraction | obes. [0061]
Col l ection optics 130 includes spatial filter 131 and objective lens 132. It
may al so include additional |enses (or other optical conponents) which are
not shown for sinplicity of explanation. These additional |enses can be
used for relaying an acquired image, image nagnification or inmage

dermagni fication, but this is not necessaril [0062] It is noted that

al t hough fi §ostiel fiter |31t #ieetoigmatiabave a desires @ Samafqaaé%mﬁhum,dbré 210 is

directed t0@@5ﬂ$ag§5§p£§% addQen PRfeedi ffraction | obes can be focused onto
detector 140 for exanpl e by perfornlng of f-axis coIIectlon It is also

not ed t hat l.e det ect ositioned recelve

Gt et on SR EcoR bt Plods R P T Sttt RE 1o B gener ot es

det ection smgﬂahsq%ﬁmsﬁﬂnmmmalumjﬁmﬁu$adweaﬂkﬁumommﬂemmdmmha3detector can be
a Charged C?n% & asmglg d(\fﬁacgléﬂa%%glg%]ay boucgrdé[&talffsractlon oge 21'8 %ﬁasn%‘{ i1y so. Qher

i mge detectors can-pe use AELor t of the
i nvention t heludnpethercitraaipeiobesr e of collectlon optlcs 130 is | arge enough
to collect multiple diffraction |obes. In order to allowonly a single

diffraction éo@ﬂ%&ll@cti@@o;ﬁt%}'ﬁﬁ&l&@; %aﬂ?hﬁ&ﬁ@l&n@l%ﬁ}esﬁ@%é fh, it imhf er 131 Dbl ocks
al | dlffractlon orders (o raction orders one) ariginating from

pattern 11 2lsapmglugenddifipnat @vse&@aot&eaﬁp%alé@@a@leetﬁlj vehighj apeenof §9En {32 or fol [ ow

obj ective | @ﬁ@lx&%%feﬂ(?ﬁhauoﬁl’!‘Hééelaaﬂlhcynapl%nswh 88@kd P ekl Fla@&cqﬁlkeldt er 131 is
illustrated as precedi ng objective lens_132. Spatial filter 131 can be

| ocat ed in HM¥gEdRAgIRASN ‘b"‘l“ﬁ’l”l%“ﬁ‘?gecijﬁPé%‘fﬁc%‘mbléﬁg’lsll%‘?"t BFEEY Fve | ens 132 can

include nmultiple lenses and in this case spatial filter 131 can even be
| ocat ed bet @62 It heotrdithttiaphaagh Bgsedillustrates that zero order diffraction lobe 210 is

directed towards detector 140, other diffraction lobes can be focused onto detector 140,
for example by performing off-axis collection. It is also noted that multiple detectors

can be positioned so as to receive diffraction lobes of different orders.

[0063] Detector 140 generates detection signals, responsive to focused radiation 230,
The detector can be a Charged Coupled Device (CCD) array but this is not necessarily

so. Other image detectors can be used.

[0064] According to an embodiment of the invention the numerical aperture of
collection optics 130 is large enough to collect multiple diffraction lobes. In order to
allow only a single diffraction lobe to be focused onto detector 140, spatial filter 131
blocks all diffraction orders (or all diffraction orders but one) originating from pattern
11. Spatial filter 131 can precede objective lens 132 or follow objective lens 132. For
simplicity of explanation spatial filter 131 is illusirated as preceding objective lens 132,
Spatial filter 131 can be located in a back focal plane of objective lens 132. Objective
lens 132 can include multiple lenses and in this case spatial filter 131 can even be

located between the multiple lenses.

[0065] 1t is noted that on-axis illumination can be used for binary masks and attenuated

phase shift masks while alternating phase shift masks may require off-axis illumination.
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[0065] It is noted that on-axis illumnation can be used for binary masks
and attenuated phase shift nmasks while alternating phase shift masks may
require off-axis illumnation. 10 [0066] It is noted that one type of
illumnation (on-axis or off-axis) can also be used when illum nating pure
phase shifting nmasks, where there are no attenuating materials whatsoever.
[0067] A radiation pattern 190 illustrates that wthout spatial filter 131
the objective lens 132 would have focused three diffraction | obes 209, 210
and 211 towards detector 140 but due to spatial filter 131 diffraction

| obes 209 and 211 are bl ocked while the zero order diffraction | obe 210
passes though an aperture of spatial filter 131. The effect of spatial
filter 131 is illpstrated by circle 192 that surrounds diffraction | obes 210
whil e not $Wpldtisartedthetipae phediilluminatipn ©Eniaga of dhexds) coglsaheued 1. [ 0068] Since
for the imaggef ﬂnemattng pRRSERS sz ARAU AL, GRre oA nol sRBREtid WSt I NCt mutual Iy
coherent beans nust bé projected on detector 140, system 100 ensures that
the i mage MP&F%¥Y§'s not nodul ated, but rather it becomes a non-vani shing
constant, with an anplitude that is determ ned by the transm ssion, phase
and filling [GOGE]tA)fadﬁfiorIﬂa&em $Q(Iill¢strbtéﬁhat®li1ﬁdﬂ&§1iaﬁaliﬁﬂtext1I3et1reeb_ie¢tivéi ve pattern of

mask 10, [00691.,) [ diar xamle, sansk 10,1 sanatienuated phase shift mask,

t hen systent and generate an Tmage field whose
anplitude i 514(abu‘t aumtt@spaﬁalfﬁtter[m diffifattion lotes 20900d P 1 It arevilsckedrehikertid detoude due to a

large tr ans%ﬁd’ere {%’ra t%glloqo Spasses Llitr%}ﬁﬁan%pegure%f %Jatla}f’]‘lt?r§3f Q‘Eeheffe%mfl on of the

pattern area ansnts ase shift
associ at ed \npatlhi filter 13IF@rllhatr3@%ydumly-lﬁglﬂlhteumqundsshf&ndms pxh@e'éo patle ern on a 6%

transm ssi orﬁmj\b@ #un@ﬁ%ﬁ.@oﬁg}idﬁfhamﬁb jag;nddﬁfl:t or equals 0.377. This results
e

in a pattern tTon portion of tection signals that is
substantlallg constant and is higher than the anplitude of defect
i nf or mat i on [O%0RLknce Soritheiimageifisly te aosgps S0 By laeT adeesvg diating muPalynay easily be
detect ed. [ Q6heftht RemOREH BlprbjecaitRldbes oD g HR U0 efurds iRt theis@pé | on, spati al
filter 131 %alﬁstserﬁ)t moéu?ated but rather it becomes a non-vanishing constant, with an

amplitude that is determined by the transmission, phase and filling factor of the

structural elements in the repetitive pattern of mask 10.

[0069] If, for example, mask 10 1s an attenuated phase shift mask, then system 100 can

illuminate this mask and generate an image field whose amplitude is a factor

S [1 +T" cos ¢)Pw] times the amplitude due to a large transparent region on the mask.

Here f 4n is the fraction of the pattern area with transmission 7#1 , and gpsys is the
phase shift associated with it. For a 50% duty-cycle lines-and-spaces pattern on a 6%
transmission MoSi phase shift mask, this factor equals 0.377. This results in a pattern
information portion of the detection signals that is substantially constant and is higher
than the amplitude of defect information, thus contributing to a strong defect signal that

may easily be detected.

[0070] According to another embodiment of the invention, spatial filter 131 passes zero
order diffraction lobe 210 and a portion of at least one other diffraction lobe out of
diffraction lobes 209 and 211. Conveniently, a portion of diffraction lobe 209 and a
portion of diffraction lobe 211 pass through spatial filter 131. Such a filtering scheme is
illustrated in figure 4.
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order diffraction | obe 210 and a portion of at |east one other diffraction

| obe out of diffraction |obes 209 and 211. Conveniently, a portion of
diffraction | obe 209 and a portion of diffraction | obe 211 pass through
spatial filter 131. Such a filtering schenme is illustrated in figure 4. 11
[0071] Figure 5 illustrates a radiation pattern obtained at the detection
surface of detector 140, according to an enbodi nent of the invention. The
radi ation pattern includes first radiation pattern conmponent 29 that
results fromthe repetitive pattern. This first radiation pattern conponent
is flat - it does not change across the image of the repetitive pattern. A
second radi ation pattern conponent (26 and 27) that results from defects 16
and 17 is weaker than _first radiation pattern conponent 29. It is

super i nposed?Gh Figwe § jlugates a grdigtiongnattera rbtaipsd & BRperreint suface of 0072] Figure 6

i | Tustrates dgaedt@du@tRRIinRab hfénbodifet of 8 ifentoh ernd @lifadd SReur f ace of

det ect or 140, acc rdin%rto anot her enbodi ment of the invention. The

radi ation p&ttidrsfirstirinapeaternicomponeny 49 that eyl from the rePetyiyp BHIEM: 28 t hat

resul ts fromuishiest FadRedn dattst cqdaoh@ 13 flat - ThdoSs ok Etahgeladdisakd iBAgdudticer n conponent
28 is not flat-.is includes a meakl¥ oscillat&?gﬁtégggone t . that changes in

a weakly osEPPEIREPHE hARREP BEpTwPatqmRcqmpgagnf té?sﬁﬂs oM second

radi ati on pakfeas s monporesker habfirsaridatidd pittetrampsReoL I5isf r om def ects 16 and
17 is weaker_t.han iirit r adi. Iioat attern ﬁ@ﬂponent 28. The second

radi ati on patterRrso" ﬁ%@??%%ﬁgg “BHFPYSY TYadi ati on pattern conponent 28.
The weak oscillation can be a sinusoidal [0073] Figure 7 illustrates nethod
300 for evall¥Ee] Figurat phustrates aradiatien netierk obypined apihe detectigesoieetioig t o an

enbodi ment  Qfeli}S 46, AU@Rir Q8 anokiPeliftoaiVRhNP Bie 30O AR GaaBYGEMUEH DY system 100
but this is not necessarily so. [0075] Method 300 starts by stage 310 of

scanni ng a djsidesdirstragifition paiiprmgompongi @3 thatyesuity frere the gapetitive patetich as to

generate a dinfsfi@failaQéh faddch Btbohdd@ts is AGtIfdd @Sndiikd 4 Phafiydidifiiagt i on | obes;
wherein the repetitive pattern includes nmultiple regularly repeating
structural EPEPREFRL éhat changes in a weakly oscillating manner across the répetitive pattern. A

second radiation pattern component (26" and 27') that results from defects 16 and 17 is
weaker than first radiation pattern component 28. The second radiation pattern is
superimposed on first radiation pattern component 28. The weak oscillation can be a

sinusoidal

[0073] Figure 7 illustrates method 300 for evaluating a pattern of a mask or a wafer

according to an embodiment of the invention.
[0074] Method 300 can be executed by system 100 but this is not necessarily so.

[0075] Method 300 starts by stage 310 of scanning a spot of radiation over the repetitive
pattern such as to generate a diffraction pattern that includes multiple diffraction lobes;
wherein the repetitive pattern includes multiple regularly repeating structural elements

that are optically distinguishable from their background,

[0076] Stage 310 is followed by stage 320 of collecting radiation from the repetitive
pattern and focusing onto a detector focused radiation that includes a single diffraction

lobe while not including other diffraction lobes.

[0077] Stage 320 is followed by stage 330 of detecting the focused collected radiation

and in response generating detection signals, by a detector. At a detection surface of the
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that are optically distinguishable fromtheir background. [0076] Stage 310
is followed by stage 320 of collecting radiation fromthe repetitive

pattern and focusing onto a detector focused radiation that includes a
single diffraction |obe while not including other diffraction |obes. [0077]
Stage 320 is followed by stage 330 of detecting the focused collected

radi ation and in response generating detection signals, by a detector. At a
detection surface of the 12 detector, the focused radiation has a radiation
pattern that conprises a first radiation pattern conponent that results
fromthe repetitive pattern and a second radi ation pattern conponent that
results fromthe defect. The first radiation pattern conponent is stronger
than the second radiation_conponent. [0078] Conveniently, the first

radi ati on paetedrnheBrseafistiqndasy mdrtignpatier Patcomptsem firstiidipi?y]  Conveni ent |y,
stage 320 i peded@mpSicaiat AwltsomGRd &ﬁ%@ﬁ{@r}ﬁn&ﬁtgﬁd@t&&ﬂd tdatiod fAgdiides mul tiple
diffraction | obes and stage 324 of blaocking.all diffraction | obes except the

si ngl e di f f CHRREH theigslts freyp S defernhe Arstratipfion nattery eompopent 1 S¥WEHs f ocusi ng
onto the detigsiRkedathadibtioaRothpiatn. | Ncl udes a single diffraction | obe and a
portion of another diffraction |obe. [0081] Conveniently, stage 320 incl udes

stage 322 of | Lecting radiation that includes |tiple diffraction | obes
nastage oA REiaR IR HRlol ko BiPHETR o B Pl i 00 ¢

diffraction | obe and the portion of another diffraction |obe. [0082]
Conveni ent | Y0078} Gryaenenty.isiaeq 128 dusludesstpee 3201 erllegti radiatipmigatinglidet i on t hat

includes a nﬁ.lilt%%l@fﬁgétﬂcofl [oBELan @ BladeBDL oM ckiRe MPLifFaRlidn@6Het DQeRtRer diffraction
| obes. [0083] nveniently, stage 320 |nc%udes stage 326' of collecting

radi ation tRaglediEactiendebe a singlie diffraction |obe and at |east a portion of
anot her diffraction | obe while not <collecting further diffraction |obes.
[ 0084] F! gui@88] Cdnheisdntly tsiage A mRlvdes facisihg entBHO dadtaradadod tham a si nmul ati on of

a mask 1 nSRechl Ot ERBC 60! Ha2%okidn S hnSHRAHIEL 0B the Tnvention.

[0081] Conveniently, stage 320 includes stage 322 of collecting radiation that includes
multiple diffraction lobes and stage 234' of blocking all diffraction lobes except the

single diffraction lobe and the portion of another diffraction lobe.

[0082] Conveniently, stage 320 includes stage 326 of collecting radiation that includes a

single diffraction lobe while not collecting other diffraction lobes.

[0083] Conveniently, stage 320 includes stage 326' of collecting radiation that includes
a single diffraction lobe and at least a portion of another diffraction lobe while not

collecting further diffraction lobes.

[0084] Figure 8 illustrates sample results 300 obtained from a simulation of a mask

mspection system according to an embodiment of the invention.

[0085] Figure 8 illustrates the relationship between defect size (x-axis) and a
normalized amplitude of a defect signal (y-axis). The defect is a small square of
Chromium (opaque defect) either on a 6% MoSi lines (opaque pattern) or on a glass
background in a periodic lines-and-spaces periodical pattern of an attenuated phase
shifting mask. Two half-pitches {of the repetitive pattern) are considered (65 nm and 45
nm @ 1X, i.e 260 nm and 180 nm at the plane of the mask), and the Chromium defects

sizes range from 10 nm to the scale of the half pitch.
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[0085] Figure 8 illustrates the relationship between defect size (x-axis)
and a nornalized anplitude of a defect signal (y-axis). The defect is a
smal | square of Chrom um (opaque defect) either on a 6% MdSi |ines (opaque
pattern) or on a glass background in a periodic |ines-and-spaces periodical
pattern of an attenuated phase shifting mask. Two hal f-pitches (of the
repetitive pattern) are considered (65 nmand 45 nm @1X, i.e 260 nm and
180 mm at the plane of the mask), and the Chrom um defects sizes range from
10 nmto the scale of the half pitch. 13 [0086] Curve 302 illustrates the
relati onship between the Chrom um defect size (when |ocated on a glass
background) and the defect signal, when using grey field detection. Curve
304 illustrates the relationship between the Chrom um defect size (when

| ocat ed  on [Y8G] Qe 193 dlugiragns the)relativashéndtesreen e Ghmivghdstectdsedyhasr i ght fiel d
(Aerial | magichgd on aﬂﬁ&s,@s&ckgamd%w@ 438 slghdi Ustleh @&:ﬁ‘gs%&mﬂ &keRfidnonshi p bet ween

the Chrom um defect size (when |ocated on a i'ne) and defect signal

when usi ng VB 3¢ dpdragetereldionshipCefivgen theabigomivm defestaize Svhepbocited at i onshi p

bet ween t he o%l’gmmbumgfbeﬁ@@ﬁd&mﬁmgnm hﬁcgaar@ﬁkmw@enmgm@ ne) and def ect
signal when using bright field (Aeria magi ng% [0087] The

t ect I
def ect si gn&fe§ien fdrseal? ’iléﬁrafeﬁ)thf W@tlﬁ%ﬁkiprﬁ’ﬁ?ﬁeﬁ’ft %Eﬁﬂfa / pattern
intensity, t®henedche€bn d Mesldlhéymm eFect iGTaPWIRA ubifl gyﬁﬁm Getdcastigeumt t ai nabl e with

grey-field ection, dto ht-field detection.,[0088] Wth a

si gnal - t o- néﬁgé'“i‘rgﬁ%h °F 1 e?”ﬁ"é‘ g‘?’)&l%%‘glgpdeﬁgfsgﬁi ePlWﬁ‘%‘i’é”tahan -60nm size
can easily M%M@ﬁﬂ&ﬂf@cﬂs@nil&&én ustrig@ptiple figlds(aena ithdpais) dyecag@pl yi ng t he above
nmentioned nethods and systens, the signal of all small defects scales as

[ NA x def eCt[OO%V]ZﬁJe%ef’ect sfgﬁa[l Fs%ﬁﬁathkéﬁqo %E n%ﬂﬁﬁhlﬂ%lf e%wk?{out{@ sl of the defect.

Wherein NA i's t'he nunerrcal aperture I'ec [ 0089] Those
skilled in tllﬁ@sm to refldet the @rezmticyncsqamleéyr@m@ rige pitajrgble @iith %@F}ﬁl cations and

changes can jbe.dRRbhffed@vhidenagagipents of the invention as hereinbefore
described wthout departing fromits scope defined in and by the appended

claims. [0088] With a signal-to-noise (SNR) ratio at the 1% level, defects larger than ~60nm
size can easily be detected. In fact, figure 8 shows that by applying the above mentioned
methods and systems, the signal of all small defects scales as [NA4 x defect size[’,
irrespective of the particular nature of the defect. Wherein NA is the numerical aperture

of the collection path.

[0089] Those skilled in the art will readily appreciate that various modifications and
changes can be applied to the embodiments of the invention as hereinbefore described

without departing from its scope defined in and by the appended claims.
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14 CLAIM5: What is clainmed is: 1. A systemfor evaluating an object having
a repetitive pattern, the system conprises an optical unit; wherein the
optical unit conprises an illum nation optics, collection optics and a grey
field detector; wherein the illumnation optics is adapted to scan a spot of
radi ati on over the repetitive pattern such as to generate a diffraction
pattern that conprises nmultiple diffraction |obes; wherein the collection
optics is adapted to focus onto a detector radiation from the repetitive
pattern; wherein the focused radiation conprises a single diffraction |obe
whil e not conprising other diffraction | obes; wherein the grey field
detector generates detection signals, responsive to the focused collected
radi ati on; wherein the repetitive pattern conprises multiple regularly
repeati ng sioragimsgtal elenents that are optically distinguishable fromtheir
background; and wherein the optical unit is adapted to maintain, at a
detection surfaq&hﬁf ﬁhedg[ey field detector, a radiation pattern that
conprises a first Tadiati ol pattern conponent that results fromthe
repetitive pattern and a second radi ation pattern conponent that results
from the deflect ;A osemdprevelprding pr eppect agling & repefitiyapatieymnthe eisisnent i s stronger
than the = seooiflefAUhbi O GRIROAREG iz Znit MiforsUSh BLARGA @0 Lo claim 1

wherein the first radiation pattern conponent Is substantially constant. 3.
The syst em &ellsetiadiontrseed xgrey falddagielei n the optical unit is adapted to
optically attenuate the repetitive pattern information so that the

det ecti on si gnal whegspé ill8Ainationdpfic G4 adREd tb 6dan a kbt 6F riaich yvep el | | at i ng
at t enuat ed regetitive q}tern gorti. ;.mhereiglthe 15 .
repetitive pattern such as fo generate a diffrdction pattern that comprises multiple

diffraction lobes;

wherein the collection optics is adapted to focus onto a detector radiation from
the repetitive pattern; wherein the focused radiation comprises a single diffraction lobe

while not comprising other diffraction lobes;

wherein the grey field detector generates detection signals, responsive to the

focused collected radiation;

wherein the repetitive pattern comprises multiple regularly repeating structural

elements that are optically distinguishable from their background; and

wherein the optical unit is adapted to maintain, at a detection surface of the grey
field detector, a radiation pattern that comprises a first radiation pattern component that
results from the repetitive pattern and a second radiation pattern component that results
from the defect; wherein the first radiation pattern component is stronger than the

second radiation component.

2. The system according to claim 1 wherein the first radiation pattern component is

substantially constant.

3. The system according to claim 1 wherein the optical unit is adapted to optically
attenuate the repetitive pattern information so that the detection signals comprise a

defect portion and a weakly oscillating attenuated repetitive pattern portion; wherein the
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defect portion is distinguishable fromthe weakly oscillating attenuated
repetitive pattern portion. 4. The system according to claim1l wherein the
collection optics is adapted to collect radiation that conprises multiple
diffraction | obes, to block all diffraction |Iobes except the single
diffraction | obe; and to focus onto the detector radiation fromthe
repetitive pattern that conprises the single diffraction |obe. 5. The system
according to claim1 wherein the collection optics is adapted to focus onto
the detector radiation fromthe repetitive pattern; wherein the focused

radi ati on conprises a single diffraction |obe and a portion of another
diffraction lobe. 6. The system according to claim1l wherein the collection
optics is adapted to collect radiation that conprises multiple diffraction
| obes and t defbét oerkiomis Hisdighishahistiiooyihe Veshlyosallasippattentated sépatgfive patieff r act i on | obe
and the portjap, of another diffraction lobe. 7. The systemaccording to
claim1l wherein the collection optics is adapted to collect radiation that
conprises a single diffraction |obe ile not collecting ofher diffraction
| obes. 8. THe sySFEriLHY P&@Claan&iw PP TSR PPL s LBRFLEL | on optics is

adapted to c6leklddition &di @tnpAdts mbRible AFfFRtLISRBes Ao SlotigdIBdi Maétfon abtd on | obe and
at |least a portion.o] i

other diffraction |obe while not collecting further
di ffracti on “Fgpidhe single d%%é‘"’t’gﬂ’igqb%ﬁ? PlPyPHYythE e“ff’ltoéf"t‘ﬁaﬂ‘”}/\‘ﬁ%? g’ien at | east one
entity out odpefilhe piehithpk@npriseghd sagleiffie@iealdbag structural el enents and
their background are at |east partially transparent and wherein at | east

one | ens of «the I i - i : . - the illum nation
optics are Sbsi t?‘%ﬁ%"%ﬁa&t"g‘gg‘%‘%@fﬁ gn isii(’lﬁeergﬁlédfe%t cté“%b“?g%ﬁ &ﬁji%gd L?he system
accor di ng t docys eritmihd dejgstor eadmtienfeonnthe tepgiitive patignn| wirerein thefpsesed ng st ruct ur al

el ement s and, 46 LontpACK 5ALE lﬁilf@efcﬁor%bé 587 oRidh gﬁ ag{)th%é diffhdi6f by e and wherein

at least one lens of the collection optics an east one lens of the
illumnation optjics are sitione t a.sa i de .of the object. 16

%. P e sysiem accgging to c?a?m ?w%erein the col ect?on optics is adapteci) toJ

collect radiation that comprises multiple diffraction lobes and to block all diffraction

lobes except the single diffraction lobe and the portion of another diffraction lobe.

7. The system according to claim 1 wherein the collection optics is adapted to
collect radiation that comprises a single diffraction lobe while not collecting other

diffraction lobes.

8. The system according to claim 1 wherein the collection optics is adapted to
collect radiation that comprises a single diffraction lobe and at least a portion of another

diffraction lobe while not collecting further diffraction lobes,

9. The system according to claim 1 wherein at least one entity out of the multiple
regularly repeating structural elements and their background are at least partially
transparent and wherein at least one lens of the collection optics and at least one lens of

the illumination optics are positioned at opposite sides of the object.

10.  The system according to claim 1 wherein the multiple regularly repeating
structural elements and their background are at least partially reflective and wherein at
least one lens of the collection optics and at least one lens of the illumination optics are

positioned at a same side of the object.
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11. The system according to claim| conprising a processing unit that is
adapted to process the detection signals in order to evaluate the object.
12. A method for evaluating an object having a repetitive pattern, the

met hod conprising: scanning a spot of radiation over the repetitive pattern
such as to generate a diffraction pattern that conprises nultiple
diffraction | obes; wherein the repetitive pattern conprises nultiple
regularly repeating structural elenments that are optically distinguishable
fromtheir background; collecting radiation fromthe repetitive pattern and
focusing onto a detector focused radiation that conprises a single
diffraction | obe while not conprising other diffraction |obes; wherein at a
detection surface of the grey field detector, the focused radiation has a
radi ation pdlterHesyim %96‘???)‘% elom | poREIng 4 BIOSESHRRIARY Brdeptedhonent  t hat

results fromcéhhe t@RBbA §ikiaR iPaldres &ammemR ofjggond radi ation pattern
conponent that results fron1 the defect; wherein the first radiation pattern

conponent i§,strpn on onent :. and detecting
the f ocused%%ol |‘§8’tgt%a“ bog %Ivalufmn(% fn °ﬁ8°‘ galvmrge r%porllgévee pétgerrinén&éa’tr?enq’g det ecti on

signal s, bycthgisgeey field detector. 13. The nethod according to claim 12
wherein the first radiation pattern conponent is substantially constant.

14. The et hod as@frﬁ{nga@ﬂ)t Bpra@ljitﬁ)hm&%e\i\élﬁﬁ@e'ﬁat'@ehﬁsugﬁéﬁ&één%e%' gnal s conprise
a defect portlon an weakly oscillating attenuated repetitive pattern

por tion; whéHBRGHOR PR st €EPripsd MUitple HiGaqips lobsigBhSHABF EPFilA t he weakl y

oscillatingyp &'Eeh%ﬁﬁfr&ﬁlmmifaﬁfréghlaﬁﬁrep&ﬁﬁg RfubtulDd1dnt R thad e optid@1yTEt hOod accor di ng
to claim12 cq rlshag | ecting radiation that conprises multiple

di ffracti on dfstpsishab ‘E%%Ek?ﬁﬁg%Wﬁ diffraction | obes except a single

diffraction | obe.
collecting radiation from the repetitive pattern and focusing onto a detector

focused radiation that comprises a single diffraction lobe while not comprising other

diffraction lobes;

wherein at a detection surface of the grey field detector, the focused radiation
has a radiation pattern that comprises a first radiation pattern component that results
from the repetitive pattern and a second radiation pattern component that results from
the defect; wherein the first radiation pattern component is stronger than the second

radiation component; and

detecting the focused collected radiation and in response generating detection

signals, by the grey field detector,

13, The method according to claim 12 wherein the first radiation pattern compenent

is substantially constant.

14, The method according to claim 12 whergin the detection signals comprise a
defect portion and a weakly oscillating attenuated repetitive pattern portion; wherein the
defect portion is distinguishable from the weakly oscillating attenuated repetitive

pattern portion.

15.  The method according to claim 12 comprising collecting radiation that
comprises multiple diffraction lobes and blocking all diffraction lobes except a single

diffraction lobe.
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17 16. The nethod according to claim 12 wherein the collecting conprises
focusing onto the detector radiation that conprises a single diffraction
| obe and a portion of another diffraction |obe. 17. The nethod according to
claim 12 conprising collecting radiation that conprises nmultiple
diffraction | obes and bl ocking all diffraction | obes except a single
diffraction | obe and a portion of another diffraction |obe. 18. The nethod
according to claim 12 conprising collecting radiation that conprises a
single diffraction | obe while not collecting other diffraction | obes. 19.
The net hod according to claim 12 conprising collecting radiation that
conprises a single diffraction | obe and at | east a portion of another
diffraction | obe while not collecting further diffraction | obes. 20. The
met hod accol®i nghe sehipdicrerding (oéaim il h whevein fhgcelicpting cpaprisesiorysing epeat i ng

structural g6 Heatsci@Mbiktibeinkt BREKE! LU AfiGotRh Idbeasia Rkl | Y transparent
and wherein the nethod conprises collecting radiation that passes through

t he obj ect . agether diff@ctigateisd according to claim 12 wherein at |east one entity
out of the multiple regularly repeating structural elements and their
background iI's atThk easibd gasrtingld cJaim 1 2Edngeikiny evllafiilg wWakt&i hatt he net hod

conprises collecting.radiation.that is.reflected om the.object. 22. The
et hod accortm i i Rrih LR P EEREon P RTe-BETUB on i gnat s i n
order to evdiffimtion Ibeeandbp@tdén of hbther diffraction lobe.

18.  The method according to claim 12 comprising collecting radiation that

comprises a single diffraction lobe while not collecting other diffraction lobes.

19.  The method according to claim 12 comprising collecting radiation that
comprises a single diffraction lobe and at least a portion of another diffraction lobe

while not collecting further diffraction lobes.

20.  The method according to claim 12 wherein the multiple regularly repeating
structural elements and their background are at least partially transparent and wherein

the method comprises collecting radiation that passes through the object.

21.  The method according to claim 12 wherein at least one entity out of the multiple
regularly repeating structural elements and their background is at least partially
reflective and wherein the method comprises collecting radiation that is reflected from

the object.

22.  The method according to claim 12 comprising processing the detection signals

in order to evaluate the object.
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