| nspection Met hod and Apparatus, Lithographic Apparatus, Lithographic
Processing Cell and Device Manufacturing Method FIELD [00011 The present
invention relates to a method of inspection usable, for exanple, in the
manuf act ure of devices by a |ithographic technique and to a nethod of

manuf acturing devices wusing a |lithographic technique. BACKGROUND [00021 A
| it hographic apparatus is a machine that applies a desired pattern onto a
substrate, usually onto a target portion of the substrate. A |lithographic
apparatus can be used, for exanple, in the manufacture of integrated
circuits (ICs). In that instance, a patterning device, which is
alternatively referred to as a mask or a reticle, may be used to generate a
circuit pattern to be far the 1C. This
pattern can be transferre
one, or several dieshithazraphicRipeessingt(ell o : e dr). Transfer of
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network of adjacent target portions that are successively patterned. Known lithographic
apparatus include so-called steppers, in which each target portion is irradiated by exposing an
enlire pattern onto the target portion at one time, and so-called scanners, in which each target
portion is irradiated by scanning the pattern through a radiation beam in a given direction (the
“scanning”-direction) while synchronously scanning the substrate parallet or anti-paraliel to
this direction. It is also possible to transfer the pattern from the patterning device to the
substrate by imprinting the pattern onto the substrate.

[0603] In order to monitor the lithographic process, one or more parameters of the patterned
substrate are typically measured, for example the overlay error between successive layers
formed in or on the substrate. There are various techniques for making measurements of the
microscopic structures formed in a lithographic process, including the use of a scanning
electron microscope and various specialized tools. One form of specialized inspection tool is
a scatterometer SM1 in which a beam of radiation is directed onto a target on the surface of
the substrate and one or more properties of the scattered or refiected beam are measured. By

comparing one or more properties of the beam before and after it has been reflected or



| scattered by the substrate, one or nore properties of the substrate may
be determ ned. This may be done, for exanple, by conparing the reflected.

beamwi th data stored in a library of known neasurenents associated with a ..

known substrate property. Two main types of scatteroneter SM 1 are known.
A spectroscopic scatteroneter directs a broadband radi ation beamonto the
substrate and neasures the spectrum (intensity as a function of wavel ength)
of the radiation scattered into a particular narrow angul ar range. An
angul arly resolved scatteroneter uses a nonochromatic radiation beam and
measures the intensity of the scattered radiation as a function of angle.
An el |lipsoneter also neasures polarization state. [0004] A scatteromneter
is typically used to detect a fault in an exposed (i atte ed) | ayer
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way this is done is that sensor and/or actuator data of a process tool is monitored. This data
{or variation in data from one run to the next) is used as an indicator for a possible fault in the
respective process or in previous processes, In most known implementations of FDC on
metrology metrics, the performance metric (for example the overlay) is measured on a few
sites of a few substrates per “lot” of substrates on dedicated metrology targets such as overlay
targets that are normally present in the scribe lane.

[0006] The following is a description of fault measuring known in the art. A scatterometer
such as that described above can be used to measure the overlay - that is the position of an
exposed target with respect to one or more previous fargets on the same site of the substrate
in a previous layer. A scatterometer is alternatively used to turn raw spectral data info grating
profile parameters such as CD (i.e. width of generally bar-like structures) and sidewall angie.
[0007] However, a scatterometer such as discussed above is not very practical in trying

simply to determine whether a system is running well, as scatterometry requires a lot of



[ 0007] However, a scatteroneter such as discussed above is not very
practical in trying sinply to determ ne whether a systemis running well,
.as scatterometry requires a lot of 2 processing power in order to obtain
preci se neasurenments of exactly what is happening at the substrate surface
| evel . [0008] In order to reduce the conputation tine, a previous nethod
has sinply reduced the nunber of sites per substrate used in the
calculations. A problemwi th using only a limted nunber of sites per |ot
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of a substrate, conprising: a detector configured to detect radiation,

redirected froma structure on a substrate,
SUMMARY

[00010] In order to determine a fault within a fithographic system, it is not necessary to know
exactly what the substrate or product layer looks like; only how it varies over time or from
one system to another. In this way, a gradual change in a single system or in equalities in a
range of systems may be monitored and acted upon before a large error is made.
[00011] It is desirable, for example, to provide a system of fault detection and classification
using as large a number of data points as possible without increasing the complication of
calculations and thereby increasing computation time, in turn reducing throughput of
substrates in a lithographic apparatus.
[00012] According to an aspect of the invention, there is provided an inspection apparatus
configured to measure a property of a substrate, comprising:

a detector configured to detect radiation, redirected from a structure on a substrate,
at a back focal plane of the detector;

a control system configured to monitor a change in the redirected radiation and to
correlate the change with a fault in the substrate; and

a notification system configured to notify a user when a fault is determined.
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at a back focal plane of the detector; a control systemconfigured to

noni tor a change in the redirected radiation and to correlate the change -
with a fault in the substrate; and a notification systemconfigured to
notify a user when a fault is determined. 3 [000131 According to a further
aspect of the invention, there is provided a nethod of neasuring a
property of a substrate, conprising: creating a structure on the substrate;
illum nating the structure on the substrate with a radiation beam
detecting the radiation beamafter it has been redirected fromthe
structure, at the back focal plane of a detector; repeating the creating,
illum nating and detecting for (i) a plurality of dies on a substrate, or
(ii) a plurality of substrates in a single lot, or (ii.i rality of
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metrology data; and

generating a notification of the fault.
[00014] According to a further aspect of the invention, there is provided a lithographic
apparatus configured to measure a property of a substrate, comprising:

a substrate table configured to hold a substrate;

a system configured to transfer a pattern to the substrate;

a detector configured to detect radiation, redirected from a structure on a substrate,
at a baclk focal plane of the detector;

a control system configured to monitor a change in the redirected radiation and to
correlate the change with a fault in the substrate; and

a notification system configured to notify a user when a fault is determined.
{00015} According to a further aspect of the invention, there is provided a lithographic cell
configured to measure a property of a substrate, comprising:

a lithographic apparatus;

a substrafe processing device;

a detector configured to detect radiation, redirected from a structure on a substrate,
at a back focal plane of the detector;

a control system configured to monitor a change in the redirected radiation and to
correlate the change with a fault in the substrate; and

a notification system configured to notify a user when a fault is determined.



a substrate processing device; a detector configured to detect radiation,
redirected froma structure on a substrate, at a back focal plane of the

. detector; a control systemconfigured to nonitor a change in the redirected
radiation and to correlate the change with a fault in the substrate; and a
notification systemconfigured to notify a user when a fault is determ ned.
4 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 000161 Enbodi nents of the invention
wi |l now be described, by way of exanple only, with reference to the
acconpanyi ng schematic drawi ngs in which corresponding reference synbols

i ndi cate corresponding parts, and in which: [000171 Figure la depicts a

| it hographi c apparatus; [00018] Figure |b depicts a lithographic cell or
cluster; [Qﬁﬁﬁﬁiﬁﬁﬁﬂﬁﬁ%N%ndﬁ%ﬁBkﬁﬁﬁN&SrSt scatteroneter; [000201 Figure 3
depicts a second scatteroneler, and‘$00021 Figure 4 depicts a relationship
bet ween a st401% Faedisentapfdicdnyepitioyy aphbocdesppet Bt wey of seewidirthgVifo an
embodi ment  pferdnb@ioPE LS eMpakyMEEBchaM dr BETA LR RESEIRLRTIGN{0R022] Figure |
a schenaticalh% d%gicts a litho rg@hic %ﬁparatus. The apparatus conpri ses:
- an i |1 um WP SRR A AT O F) "™ confi gured to condition a

radi ati on bpam7BFig(ie. g dedid o lahigaphiompoamivEUV radi ati on); a support structure
(e.g. a mas -e) . ( [ , Qrt a patterning device (e.g. a
mask) MA an@oﬁﬁﬁkg%?ggdgﬁgii%ﬁ%&§%6%§V$?§ﬂg? PM configured to accurately
posi tion t h#0018ht saiedidagclefisteatiepmgetor dance with certain parameters; a

substrate t@abl®) fRuG 3 @pivef BboddaliebmMWr; gRNstructed to hold a substrate
(e.g. a resist-coa nd connected to a gg@ond ositioner PW

oated wafer) Wa P ‘
confi gured g”ﬁb@ﬁWﬁﬁé?@”S%ﬁéFPFBHg?ﬁ@“§ﬁﬁ@??@?@”ﬁﬁ CHPULTRR W h certain
par anet er s; acandin@iopr ejnectih@noclstremt (eeigiona refractive projection |ens
systenm) PL configured to project a pattern inparted to the radi ati on beam
B by patterning device MA onto a target portion C (e.g. conprising one or
nmore di es) ETAIRBDHSERHFT@N WY

[00022] Figure la schematically depicts a lithographic apparatus. The apparatus comprises:

- an illumination system {illuminator) IL, configured to condition a radiation beam B
(e.g. UV radiation or EUV radiation);

- a support structure (e.g. a mask table) MT constructed to support a patterning device
(e.g. a mask) MA and connected to a first positioner PM configured to accurately position the
palterning device in accordance with certain parameters;

- a substrate table (e.g. a wafer table) WT constructed to hold a substrate (e.g. a
resist-coated wafer) W and connected to a second positioner PW configured to accurately
position the substrate in accordance with certain parameters; and

- a projection system (e.g. a refractive projection lens system) PL configured to
project a pattern imparted to the radiation beam B by patterning device MA onto a targe!
portion C {e.g. comprising one or more dies) of the substrate W.

[00023] The illumination system may include various types of optical components, such as
refractive, reflective, magnetic, electromagnetic, electrostatic or other types of opfical
compenents, or any combination thereof, for directing, shaping, or controlling radiation.
[060024] The support structure holds the patterning device in a manner that depends on the
orientation of the patterning device, the design of the lithographic apparatus, and other
conditions, such as for example whether or not the patterning device is held in a vacuum
environment. The support structure can use mechanical, vacuum, electrostatic or other

clamping techniques to hold the patierning device. The support structure may be a frame or a



[ 00023] The illum nation system may include various types of optical
conponents, such as refractive, reflective, magnetic, el ectronmagnetic,

el ectrostatic or other types of optical conponents, or any conbi nation

t hereof, for directing, shaping, or controlling radiation. [00024] The
support structure holds the patterning device in a manner that depends on
the orientation of the patterning device, the design of the |lithographic
apparatus, and other conditions, such as for exanple whether or not the
patterning device is held in a vacuum environnment. The support structure
can use nechanical, vacuum electrostatic or other clanping techniques to
hold the patterning device. The support structure may be a frane or a b5
tabl e, for exanple, which nay be fixed or abl e _as requi The support
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can be individually tilted so as to reflect an incoming radiation beam in different directions.
The tilted mirrors impart a pattern in a radiation beam, which is reflected by the mirror
matrix.

{00027] The term “projection system” used herein should be broadly interpreted as
encompassing any lype of projection system, including refractive, reflective, catadioptric,
magnetic, electromagnetic and electrostatic optical systems, or any combination thereof, as
appropriate for the exposure radiation being used, or for other factors such as the use of an
immersion liquid or the use of a vacuum. Any use of the term “projection lens” herein may be
considered as syronymous with the more general term “projection system”.

[00028] As here depicted, the apparatus is of a transmissive type (¢.g, employing a
transmissive mask). Alternatively, the apparatus may be of a reflective type (e.g. employing a
programmable mirror atray of a type as referred to above, or employing a reflective mask).
[060029] The lithographic apparatus may be of a type having two (dual stage) or more
substrate tables (and/or two or more support structures). In such “multiple stage” machines

the additional tables and/or suppert structures may be used in parallel, or preparatory steps



enconpassi ng any type of projection system including refractive,
reflective, catadioptric, nagnetic, electromagnetic and el ectrostatic
.optical systens, or any conbination thereof as appropriate for the
exposure radi ation being used, or for other factors such as the use of an
imrersion liquid or the use of a vacuum Any use of the term "projection
| ens” herein may be considered as synonynous with the nore general term
"projection systenm'. [00028] As here depicted, the apparatus is of a
transm ssive type (e.g. enploying a transm ssive nmask). Alternatively, the
apparatus may be of a reflective type (e.g. enploying a programrmabl e
mrror array of a type as referred to above, or enploying a reflective
mask) . [0031%?1)@ J%dbhiNoas AR Gad grmatsugp wucaﬁcsw‘m]@ompamla%m t wo
(dual stage nore substrate ta d/or two or more suppot
structures)mbPﬁ“@@Eﬁmpﬁﬁﬁwﬁwﬁ%m%Fﬁ@éﬁuﬁﬁwﬁpﬁé§ t he additional tables

and/ or SUppWﬂbMﬁtﬂ]Qﬁtﬁibﬁlﬁﬁme}ﬂ@ niéff@!@o h%f@@rp@kvhlﬁktzl aQéasf RPRA3IMEY Ssteps 6
may be carrng)tst out qn one port structures while

one or nore H%?“%%§6?@§d§ﬁ8yq?§§U658f m@@?ﬂ%@ﬁié W%Pgmb%%ﬁﬁ&ﬁ§%d f or
exposure. [@ﬂ@ﬂﬂhsﬁhe&*@@hdgmamhmmsap@meUM&umaveahsmnbemohq@@Uwpe wherein

at |east a t%}ea?ﬂ emo &1&? §e's’ 1stI‘:c§ ﬁh&lw @%raﬁgvfg[re%gmgcy b@twlc%nqyé fashaving a

relatlvely active a space
bet ween theaqﬁrﬂ@q Lé@mtlethsygwﬂ@meeem t%Gh@Q@ﬂHQW’éB@W“AhWF PhEF EPEHINeilui d may

al so be apphm@tcglepeam%rp@jaa@ﬁsysten]stmtdnhtmsﬁmhmmam&rmou@mfor exanpl e,
bet ween the mask and the g§1 ection s gchnl ues are wel l

known in t hEcaRRat f Fuciuffesus &“ﬁﬂ%rmﬁﬁﬁéwwgﬁfgnﬁéwpIW%’ BPoE8t i on
syst ens. Thmmﬁmnm&ﬂbmmﬁbsham%maﬁmusedwnenemhhdgmsmm@mHmnmawumhat a

structure, ﬁh‘@q ﬁ?ﬁ:mn %%émﬁalta the I 1?1 mtlaeiqugwggegrg(gatloQ b!eallrgl%lga :ala}'ﬂlonr at her

only neans ocate etween the projection systemand the
substrate dWFWhQOeNEQ@WE@ﬂdmFO@@%@$WREm@¥WWWgbFﬁmPPQGWéwqé”eﬁﬁ@kiIIunlnator

IL recei ves, @, iRdbatd 9% KA Mepm Aok @dsaké ONrce OB &8RRI (T hem poUr ce and
t he Ilthographlc apparatus may be sep arate entities, for ﬁg Ie when t he
source is dﬁtﬁﬂwpﬁﬁwn?ﬁ?@?wsWﬁ”?J@W“@&E%@“SWﬁ?d§8ﬁﬁ%@°?§e t**&nsi dered to

formpart iofmihier ILmtnIﬂ(ﬂg:raapma@eaamavm sysm:anmb dohfpxm@foa'exaomlebseﬁamld s passed
fromthe SOCH [.&& mmorgan%dfo?a beam ex a:zgg"tlg%;[hel A h s&gmc% rt@ik%e QII inf Q?}ﬁmogel ivery
si ng, exanpt e dir

system BD conpr mrrors and/ or a
bean1expandérMh%mmb@hsmmaad@gmwméc§GWﬁ@@OWEymbQWEWYHﬁme@F%$mﬁ8?@ of the

l'i t hogr aphi.gs aRRANLALHS iL fzag&h@mle%eM@aw&rp@ysmgﬁléqﬁuai, gury lanmp. The
source SO and the illumnator IL, together with the beam delivery system

BD jf reqUIIFélaC, tﬁ.ﬁ%,a 15@313011 system.

{00032] The illuminator IL may comprise an adjuster AD for adjusting the angular intensity
distribution of the radiation beam. Generally, at least the outer and/or inner radial extent
(commonly referred to as o-outer and o-inner, respectively) of the intensity distribution in a
pupil plane of the ilfuminator can be adjusted. [n addition, the illuminator [L may comprise
various other components, such as an integrator IN and a condenser CO. The illuminator may
be used to condition the radiation beam, to have a desired uniformity and intensity
distribution in its cross-section.

[00033] The radiation beam B is incident on the patterning device {¢.g., mask) MA, which is
held on the support structure (e.g., mask tabie) MT, and is patterned by the patterning device.
Having traversed the patterning device MA, the radiation beam B passes through the
projection system PL, which focuses the beam onto a target portion C of the substrate W.
With the aid of the second positioner PW and position sensor IF (e.g. an interferometric

device, linear encoder, 2-D encoder or capacitive sensor), the substrate table WT can be



referred to as a radiation system [00032] The illumnator IL nmay conprise
an adjuster AD for adjusting the angular intensity distribution of the.
radi ati on beam GCenerally, at |east the outer and/or inner radial extent
(commonly referred to as a-outer and a-inner, respectively) of the

intensity distribution in a pupil plane of the illumnator can be
adjusted. In addition, the illumnator IL may conprise various other
conmponents, such as an integrator IN and a condenser CO. The il |l um nator

may be used to condition the radiation beam to have a desired uniformty
and intensity distribution in its cross-section. [00033[ The radiation
beam B is incident on the patterning device (e.g. rrask) MA, which is held
on the support structure (e.g., mask table) M, and atterrgj]egl1 by t he
patterning devidmeourattiavieny 2 apetieed e Lt ROEPR] (ﬁ{j” o e

radiation beam B S}?@rﬁa?lgszhéﬁgt%%lg{bnfehﬂw aw@btﬁ&tpbsmnswmmumxs nwrwwhlﬂﬁ/ocuses

the beamonto a tar ortion of th aid of the
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table W can 50, 35,(:0uRQBMT BNy dikfiRent tar get
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movenent of Pbtlmmus;jb&tﬂ’fdt\@nd subbtate Wmapnhy elisaedrgigg P%‘é’(ﬁ?“’ﬁé*f”ﬁ@e ¢IRG- st r oke
modul e and g, 5heft M%EEcP&&SstHEQHé;ﬁmenMr@sfPlfm Rlihqa@ll fhe Ofbsitdnenligmomnd posi ti oner

PW In the case of a stepper (as opposed to a scan t
structure Mmaggys %@‘fé%%%k‘:ﬁyéjﬂg‘faéedég%ﬂ(???‘f‘o’?tIP%”Iéléay% Ocat% Mg,g Ssogg\g?{ may be

fixed. Pattgfpdigond @Ndsce MAvandssitibene aigandit ways)b%mdzluiyméﬁwglisﬁ'g

patterni ng deyjice a n t Borfihd gveNt marks Pl
P2. At hough"’%tché‘oéed{‘fél% PAt'e 1S£|or\7;?dcé<§n @(gpatmkxgqg(sé:ﬂ?ﬁdli%a?edé occupy dedi cat ed

target port iabgsentoivgs nrm e igveatftdd@a’teefdthpﬁﬂe%paces bet ween target portions
(these ar eﬂi{ﬂ]‘ﬁ?ﬂﬁ 188 d&?c'iédl%ﬁaalaﬁ@%om bcgﬁl&ﬁﬂ'fat 1BRY 68 bf thSiolmbbiag hydesi n si t uat i ons
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essentially stationary, while an entire pattern impar ted to the radiation beam is projected onto
a target portion C at one time (i.e. a single static exposure). The substrate table W'T is then
shifted in the X and/or Y direction so that a different target portion C can be exposed. In step
mode, the maximum size of the exposure field limits the size of the target portion C imaged
in a single static exposure.

[00036] 2. In scan mode, the support structure MT and the substrate table WT are
scanned synchronously while a pattern imparted to the radiation beam is projected onto &
target portion C (i.e. a single dynamic exposure). The velocity and direction of the substrate
table WT relative to the support structure MT may be determined by the (de-)magnification
and image reversal characteristics of the projection system PL. In scan mode, the maximuin
size of the exposure field limits the width (in the non-scanning direction) of the target portion
in a single dynamic exposure, whereas the length of the scanning motion determines the

height (in the scanning direction} of the target portion.



al i gnment marks may be | ocated between the dies. ]100034] The depicted
apparatus could be used in at |east one of the follow ng nodes: [00035] 1.
. In step node, the support structure MI and the substrate table WI' are kept
essentially stationary, while an entire pattern inparted to the radiation
beamis projected onto a target portion C at one tine (i.e. a single
static exposure). The substrate table W is then shifted in the X and/or Y
direction so that a different target portion C can be exposed. In step
node, the maxi mum size of the exposure field limts the size of the target
portion Cimaged in a single static exposure. [00036] 1 In scan node, the
support structure MI and the substrate table WI are scanned synchronously

while a pat E()%é‘ﬁ] |3rrpar tInglo'E Qr 1‘1&@ tﬁ@gb]?ow Sg[]()tlgg 1& @epp&&]nﬁsﬁlg/ggh&gz 0 a target

portion C (i.e. a single dynamc exposure vel ocity and direction of
the subst r abeding appesayabiaiagenpedevise e hs ﬂ&ﬁ&tq“@% Mddt ta?‘@d RITsCHEs be

dﬁt erm ned bylzctaf}ﬁuc(r@l%p)aﬂ&gathfeh@&tlblaf&qmmﬁqwf@gﬁmmwﬁ §<ﬁlloaﬂ¢1&:ﬁ act eri stics of
the projectio scan node, L he exposure
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portion. anot e support structure MI is kept
essent i al | ymaskigtsil@egraphy thfrs|uali12ﬁfgm@grw@@#eeﬂmw%d%éz@t%qhﬂﬁﬁ@méréw“é‘ée and the

substrate n@gbemmgor§wgg%@gmgﬁt@g@nﬁed while a pattern |nparted to the
radi ation beamis projected onto a ta E@ port,

general |y al'fliPkeambinidranadh Cotieeen e ﬁﬁFBV@h“HE e%%@“ﬁVSBVﬂﬁnable
patterning mﬂ@MﬁﬁedmsfmpdayedDBSmmEQMired after each novement of the

substrat e t ée )é\%rehgwn mrl: ;?u? WeRD iy §é§%pg1agxﬂja¥a§ush%dfo p%q opzp :t§ aéaq{d” ng a

scan. ThIS oh ¢an b
I|thographyxﬁhﬁﬁmmﬁWhﬂWEﬁNﬁr@@ﬁdﬁﬁhﬁ@@“ﬁaBW@wﬁWh@m&év¥%@du§ﬁch as a

progr anmBbl 8, 4his'th Be:foh bAYor@fordprd- )éﬂ?]Jo@tsexB&tn%rpF&stésQn @@@V@dtc [ 000381
Conbi nati ons and/ or, variati ons on ove‘gesc es of use or

entirely dFWW@P@ﬁPYWﬁﬁé?‘@?oﬂﬁ%“WﬁﬁmaFgﬁxﬁ% @ﬁf@ﬁyéﬁﬁs @@bﬁ@T“As shown in
Fi gure | b,mdrb@vblbichank Ebmmfeﬂbp&@pﬁ{t’daém ohforfrarerghilpglacts G ar@l dné thoge aphi ¢

cel| LC al Sl?e p?a?em?BtId Ixes%bsgz te% d?e% OP :%b(%SR@‘Bmf(st Q\%L?As tatgﬁmjn dntpbt%cﬁ plt{{St er, which

al so |nclu$ t - exposure
processes onAr t@j/’%lu b’@ﬂ,rlg_qves it between the different process dewccs and dcllvers it lo the loading

bay LB of the lithographic apparatus. These devices, which are often collectively referred to
as the track, are under the control of a track control unit TCU which is itself controlled by the
supervisory control systern SCS, which also controls the lithographic apparatus via
lithographic control unit LACU. Thus, the different apparatus may be operated to maxiniize
throughput and processing efficiency.

[00040] In order that the substrate that is exposed by the lithographic apparatus is exposed
carrectly and consistently, it is desirable to inspect an exposed substrate to mcasure one or
more properties such as overlay error between subsequent layers, line thickness, critical
dimension (CD), etc. If an error is detected, an adjustment may be made to an exposure of
one or more subsequent substrates, especially if the inspection can be done soon and fast
enough that another substrate of the same batch is still to be exposed. Also, an already
exposed subsirate may be stripped and reworked - to improve yield - or discarded - thereby
avoiding performing an exposure on a substrate that is known to be faulty. In a case where
only some target portions of a substrate are fauity, a further exposure may be performed only

on those target portions which are good. Another possibility is to adapt a setting of a



Conventionally these include one or nore spin coaters SC to deposit a
resist |layer, one or nore developers DE to devel op exposed resist, one.or
nore chill plates CH and one or nore bake plates BIC. A substrate handler,
or robot, RO picks up a substrate frominput/output ports 1/01, 1/02,
noves it between the different process devices and delivers it to the

| oading bay LB of the lithographic apparatus. These devices, which are
often collectively referred to as the track, are under the control of a
track control unit TCU which is itself controlled by the supervisory
control system SCS, which also controls the Iithographic apparatus via

l'i thographic control unit LACU. Thus, the different apparatus may be
operated to nmaxim ze throughput and processi g efficie q%hzcm1%401 In
order that bieqgubsbreatserthemreasaipdsedopye tidMeiof Abg Aphi € “Appar at us i s
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adj ust ed todd@wmemsaﬁ@mﬁ®mwgdﬁgﬁﬂd@%mﬁdf@&5@?ﬂﬁ?@”@iﬁ@5fﬂﬁCF%% resultlng

fromthe IithogLaRBuG: wREHIGESS -ShER: al[ﬂé%eéhiﬂ.ap%xatuaﬁmemfﬁomt appariat us is

used to determne one or nore erties andid
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layers of t beer 16a0@cguhsd fat eeMAEY) o huapenrily dielley 8ep @HHL GF %4EF oss a

substrate. The insp ; oo Rfbsédafs itie
i t hogr aphi (Q’xpgﬁzs naeanﬁﬂc%ggg‘{flzggiﬁ§a tHPrM ep% ﬂ E%ir%gtﬁ@l{ 513 dflafs and- al one

devi ce. To enabhehirpste, thajiage g %&Iﬁﬁ”‘%ﬁ’éh?*s’ efeir?d P & §e§ faf’eﬁi)?és ‘{]Wat t he
i nspection ﬁ&g&r@%Hﬁwnﬁﬁﬁ&H&ﬁs&ﬂ%uﬁwdaﬁﬂgmanmﬂ@LMK@Ewhmmmhemmﬁwosed resi st

| ayer imediately after the However d.bRge,i n the
resist has éNW%@VIWBMWEHﬁ@F(gﬁg‘%P55W%b%n”mﬁY“§é”@%?ﬁ%%ﬁgf?n P

such as etching. The latter possibility limits the possibility for rework of a faulty substrate but
may still provide useful information, e.g. for the purpose of process control.

[00042] Figure 2 depicts a scatterometer SM1 which may be used in an embodiment of the
invention. It comprises a broadband (white light) radiation projector 2 which projects
radiation onto a substrate W. The reflected radiation is passed 1o a spectrometer detector 4,
which measures a spectrum 10 (i.e. a measurement of intensity as a function of wavelength)
of the specular reflected radiation. From this data, the structure or profile giving rise to the
detected spectrum may be reconstructed by processing unit PU, e.g. by Rigorous Coupled
Wave Analysis and non-linear regression or by comparison with a library of simuiated
spectra as shown at the bottom of Figure 2. In general, for the reconstruction, the general
form of the structure is known and some parameters are assumed from knowledge of the
process by which the structure was made, leaving only a few parameters of the structure to be
determined from the scatterometry data. Such a scatterometer SM1 may be configured as a

normai-incidence scatterometer or an oblique-incidence scatterometer.
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difference in refractive index between the pare of the resist which has
been exposed to radiation and that which has not - and not all inspection
.apparatus have sufficient sensitivity to make useful mneasurenents of the
| at ent i mage. Therefore neasurenents nay be taken after the post-exposure
bake step (PEB) which is customarily the first step carried out on an
exposed substrate and increases the contrast between exposed and unexposed
parts of the resist. At this stage, the inage in the resist may be
referred to as sem-latent. It is also possible to make nmeasurenents of

t he devel oped resist image - at which point either the exposed or
unexposed parts of the resist have been renoved - or after a pattern
transfer st T I
pOSS|b|I|tyﬁﬁomﬁggggggm§% QH%J#%%%§%?§&§§]Qﬁ&ﬁ%%n“kpﬁmﬁﬁg@?de usef ul
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Teasur Nt ol ENRLNAR A LUAGLL A B YRYELENGR) 0L  1hg Specul ar
reflected radiation rom t data. the structur pro iving rise
to the det&8ectd rafnsion f@mﬁimrylmémv@d@ﬁ@lﬂwa&%%w %sfaosﬁéé@s%s@??@fougiﬂt PU, e.g.
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conparison with a |jbrar as s O\Anh%tp?%[rﬁﬁbottomof

Figure 2. |HogereraY pl°“f“f‘o‘>r/ ‘E”Pi@‘ ‘F été’bfr%?ﬂrl GE%‘EPBYH“E Phd > OHEr°Al Bf the
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the struct ure scatteronet e
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or an obli qye: d'hﬂﬁls:g]?amgﬁec%@%tﬁﬁ%%&%‘%nsﬂa@[ a[lwééﬁgtm@ﬂ&trmﬁ@ eSQat teroneter SM2
that may be used mnth an_enbadi nmen in Figure 3.
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In this devPEavepsof §8F5¥ﬁéﬁmgﬁ?%@éﬁﬁ%kag&Paﬁﬁ Wgﬁ@ﬁﬁ%@iﬁwﬁ f ocused
usi ng Ienslﬂmshenv&ﬂm&hﬁougﬂnmnmemhep@nmenﬁydmmm)dzmamﬂmmmhamMm@w 17,

reflected qxvcpan mtc mtg% ti1 oer%;[(am ?e ng’lmtllv\ﬁcon%G er agnc.l s focused onto SUbSt rate
Wvia a mcroscop |Ve 1 a high nunerical aperture

(NA), desi rlétsHy] meﬁtrs’azsbea@ lgoféﬂn US@F‘ foeastple, @Slcasmﬁﬁelimrémsﬁdlﬁfﬁ isgdEnt er onet er

may even hayg.,.ns au, mcﬁhgﬁg@ﬁdﬂ%@im BARRILMIR 1R Hialk reflR8ve fuafdg6t ed

radiation then transmts through partially reflective surface 16 into a
det ect or 4 Py of itis ransmitted through thie surface as a refefence beam towards a reference mirror

14. The reference beam is then projected onto a different part of the same detector 4.

{00045] One or more interference filters 13 are available to select a wavelength of interest in
the range of, say, 405 - 790 nm or even lower, such as 200 - 300 nm. The interference filter(s)
may be tunable rather than comprising a set of different filters. A grating could be used
instead of or in addition to one or more interference filters.

[00046] The detector 4 may measure the intensity of scattered racdiation at a single
wavelength (or a narrow wavelength range), the intensity separately at multiple wavelengths
or the intensity integrated over a wavelength range. Further, the detector may separately
measure the intensity of transverse magnetic- {TM) and transverse electric- (TE) polarized
radiation and/or the phase difference between the transverse magnetic- and fransverse
electric-polarized radiation.

[00047] Using a broadband radiation source 2 (i.e. one¢ with a wide range of radiation

frequencies or wavelengths — and therefore of colors) is possible, which gives a large
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order to have the scatter spectrum detected. The detector nmay be located in
t he back- projected pupil plane 11, which is at the focal length of the.
| ens 15, however the pupil plane may instead be re-inaged with auxiliary
optics (not shown) onto the detector 4. The pupil plane is the plane in
which the radial position of radiation defines the angle of incidence and
the angul ar position defines the azimuth angle of the radiation. The
detector is desirably a two-dinensional detector so that a two-di nensiona
angul ar scatter spectrum (i.e. a neasurenent of intensity as a function of
angl e of scatter) of the substrate target can be neasured. The detector 4
may be, for exanple, an array of CCD or CMOS sensors, and may have an
integration tine of, for exanple, 40 mlliseconds _per nqh Lgpo 41 A
ref erence beammnglm@m@meu@@m(ﬁﬁwkm@%@wﬁﬁﬁmsﬁécW@ﬁ@ﬁPEW?ﬁén H?en5|ty of the
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e

partially r ective surface . : ough the
surface as &’qreéeﬂétﬁé??f@é”%@aﬁﬁw‘émé"r”g:§s a?fFag‘Iaéor” e ebg ﬂ%%]rgr%of%ggs &fmé ref erence

beamis t helaxta{d@d Qeikee sontcovtachtafef teeremtit paedte. gofﬂbftl frendiinia hievee Bl 4.

00045] One or i nt n g , ideabdien bO pedvent a
\[Navel e]ngt h ('ﬁsglwﬁits aStgz spccmm%% ﬁe 1%?33&1‘&1 Jtﬁ‘g ﬁ:ppcelxa@&%gﬁWﬁlﬂaﬁ ! @e\;en | ower |

m
such as 200 (wavBenand thé fereitt errrgﬂfé} lém*é‘ nﬁﬁ?ﬂfeér‘(‘gﬁh COREY)S ‘B%mf'ﬁ%‘gb e rat her
than conprigi.ng>% %ggtruﬁ)if il £if 65 BB iftbidafdrSo bebmg‘zlélaéd wigehcioerkadesbe used

instead of or 1In ion to gne, or re i r [ 000461 The
detector 4 malo! ?@d%‘?f?%‘?%@“‘is?]?@‘ﬁéﬂdﬁfng"fd “ég’grtet% (cat?lg %P§§|atgl'ltltla%[ﬁirc§{ma singl e

wavel engt h @meﬁmﬂaéﬂﬂmmmﬁmmbEﬁQWMdr@mge%;mmhéwump§ﬁ§mﬁvlﬁéﬁgﬁﬁtély at

mul tiple vvavele engths or the intensity integrated over a wavel ength range.
Further, th&'d8%8ctor may separately nmeasure the |nten? of transverse
magneti c- ( Tip4saritlc teraans\vsebsgete 8 met fejagratips E)“Clbﬁlp'a’il?t?dzséﬁi”]?télﬁf ation and/ or

the phase dijf Jeﬁgﬁgﬁ‘%hebo%lﬂs%ef& e 8f sfon@fé&yte;rn&e’r pRgR@taj, elcraniekly bamdver se
el ectric-polari radi ation [0004 a. br oadband, &afgtl:g%t Q, source 2

(i.e. one withthasugpteres: Firigject BrerHgF ?“6?1 Sr%?séauen ies or wavel engths - and
therefore ofyg fé&lsocro‘ée) oteﬁla;@@}&&hlﬁlc@bez%@@h thgilivegraphid @pig@ion prPaBivefifue, al | owi ng

th f - All Lia@f iNBY B QROE th
e e S PLS STy Oy Pyl el uahenaia, i e

as a and 83 |g§ of .at | east
28X (i.e. twbosathe the\AHEI@b@mglti’hﬂﬂbawwlﬂ%tﬁ):h’OI%\?éP%IIa“@”s] JEREREC | adi at i on

may be diff %Ir()g @&ong&gas%b&nﬁm tQ:fuhﬁ)nthe 99&}&1%@%1&@& i, akd 1Qdi’tmﬁﬂlsbh(3ﬁnmhty(?hd have been
split using, the pr cscnce of such abeuahon w1ll mamr}cst itseltina \Xihatzon gl ffe printed target paitern.
Accordingly, the scatterometry data of the printed target pattern is used to reconstruct the
target pattern. The parameters of the target pattern, such as line width and shape, may be
input to the reconstruction process, performed by processing unit PU, from knowledge of the
printing step and/or other scatterometry processes.

[00049] When reconstructing a target pattern (e.g., a grating) accurately, it is desirable to
determine whete a fauit in the manufacture of the target pattern may occur. A fault that
occurs in the target pattern is likely also to occur in one or more other structures on the
substrate and the target pattern is therefore a useful way of determining and classifying a fault
in a lithographic system. A fault occurring anywhere in a lithocell or in any process that the
substrate undergoes may contribute to an error in the printed structures on the substrate
surface. The process that may produce a fault include: developing, etching, polishing and

deposition. Alternatively or additionally, the fault may occur during the alignment of the

substrate or even in an illumination system, such as in a patterning device.
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resolved scatter spectra may be neasured at multiple wavel engths in
parallel. A 3-D spectrum (wavelength and two different angles) may be
measur ed, which contains nmore information than a 2-D spectrum This all ows
nore information to be neasured which increases netrology process
robustness. This is described in nore detail in U S patent application
publication no. US 2006- 0066855, which docunent is hereby incorporated in
its entirety by reference. [00048] The target on substrate Wnay be a
grating which is printed such that after developnent, the bars are forned
of solid resist lines. The bars may alternatively be etched into the
substrate. The target pattern is chosen to be sensitive to a paraneter of
interest, sulf?0 h§sﬁﬁﬁﬁ%da%%%éw'@V%ﬂmavmb@hf@WHmwbthbemﬁaﬂﬂamdmnﬂthe

lithogr aphl Cta@btq:jaﬁcﬁﬁ ItI&%e@e@l@&Ec&BM@fa Rlchtial fau. %ﬁza&éﬁ%o;éﬁéﬁé @k hcgﬂjel & the
rel evant par gief er. aYVIO variation in the printed target. For

exanpl e, the target a’fpfcgﬁy m?lr‘é%?est’i]aé Cé’@ﬁ%‘f“toln\?%edﬁ‘bbe&%%‘ﬁﬁt foga rabierPddi on in the
I|thograph|dcwpweﬂ%@wnbmaappamQMMsumpamﬁmnhhamhwnbbﬁowwmm@6%&@@m§y5terPL
and i |l um nglgtan, aummE f¥isapd the presence of such aberration will

mani fest itself in a varration in the printed target pattern. Accordingly,
the scatter JA¥PH bMﬂ%Fﬁ“BF“%Wé%bFpﬁ@@ﬂwﬁangemmpaMﬂemmmuEmUSQngﬂsreconstruct

the target (ahiamdorThooPARAMRLS) Sele bNaGA OELRALIRLA, ftieh as 11 ne
wi dt h and sh ap reconstruction process, perfornmed by

processi ng Uni ?1 mﬁifﬁe%’fe}’ﬁ?ﬁ”ﬁ%%vﬂvgfﬁé“%(FD/P‘H‘“eW'”lﬁ“g’ﬁtﬂlfs%méﬁeéiﬁr%w dr ot her
scatt er onet rcy1b@dq woestiespr es[eﬁi@xﬁké&]on\dh@ Mol &6 et ét YekdrRghcambRLGREMPALT ern

(e.g., a grat - esir e erm ne where a fault
in the nanuf 5(&:? %gcé&‘g%wt%m%dg? lﬁe?le mseflsmmems %y (d)‘éccmeqewafl%i“’dTI”tas”f%’éQE“S ‘occurs in

the target patirdpfoedhyt Th@éﬁft“&ﬁ@@‘ i @liaﬁ(@uﬂmnlar@e@m@:dwt swoetercotibter ast r uct ur es

on the substfatien g&ﬁtd]gt(blﬂthé @tﬁ(ﬂ‘ﬂﬁndF@Jﬂ LRe ﬂedsrﬁ‘leltﬂgﬁsrcgﬁ Qi&tr%d%ﬁi%fnlélpro - of
determnlngan In a |t0rap|cssem aul t

S
occurring af Oéﬁémiﬁmng ?Hﬁ%@?*m%Wf?ﬁpéﬁ%“dﬁﬁ@é@%“%%wwmﬁﬁ@“m9@bbtrate
under goes nmepsicoriridoutage §\0r dRciREIT@nahdd xﬁehbamﬁfehtﬁltayen%t Setq{nuﬁé He88meR the

substrate §3@£1£i%ﬁsu uInl% Qrbg?o%%éd r}ng %mx&%n%}lct %)t%) %}é? % B\Ptteé Pﬁgfiiy quctb @\f

devel opi ng, et ching,
addi ti onal | {0 5t2h€’fF%3£ﬂeiaS ﬁ*a%}tewe‘@\{@rto @ﬂjmangxssthne peihtedymoent paodr tistrugubst rat e or

even in an ¢rlphtwmmatd%h wcsﬁ PGPt RSarkdd R ik [ 00050]
As di scussed l Ig ) nggetahe nltmbarb c hgig(gﬁsg{!oﬂ%m%%aﬁ V(%ltahnlfl be

det ected on pfch 3 pe{ ?ﬂ bl tphiﬁ'%‘{tl ErPRicalpareids ‘fsécf ”d%fta@'é”tt? Bectdie citepotenti al faul t.
However, i rerieasidpeptinhgrunuredelriciofakes it much casier to notice a variation in, for example,

the phase of the repeating structure that could indicate a fault. The positional invariance of
the back focal plare that is useful to an embodiment of the present invention also relies to
some extent on having a repeating structure.

[00053] In an embodiment of the invention, raw data that is collected in the back focal plane
(also known as the back-projected pupil plane or the Fourier plane) of a scatterometry-based
sensor is used. This is simply the intensity image of, for example, a CCD sensor 4. The
monitoring for a fault can be done by monitoring a change of this image acquired with a
structure pattern that is expected not to vary. The raw data that is collected is simply an
intensity image of the diffracted radiation, without further manipulation that takes
uanecessary time as discussed above. The intensity image is compared with existing data in
order to determine what differences there are in the intensity image with respect to the
expected intensity image. A difference between the images indicates a processing error (such

as an overlay error or an Imaging error),



data points also typically increases the conputation needed because each
data point would require separate detection, correlation with known data -
and conparison with previous data points in the same position. [00051]
Most current netrol ogy FDC applications require one or nore dedicated
targets (such as one or nore overlay targets) because only then is it
possible to obtain "direct" performance netrics such as overlay and

CD/ si dewal | - angl e absol ute neasurenents. An enbodi nent of the present
invention does not aimat direct perfornmance neasurenents and may
therefore al so be used for in-die nmeasurenments. By "direct performance
measur enent s" i s understood that the neasurenent is carried out on a
dedi cat ed t uct u ot her
hand, "in-di g&ﬁiké“mﬁe&mimami mmg gmggéP@Iéﬁﬁbﬁgﬁﬂ%ﬁ&$g%ﬁggnm%g$er of the
substrate asritien! lintesiaredicata aogle fiidsalon, Preeheeing thcﬁﬂ’dﬁt’éﬁ FEws OrBeAt s save

time and quél: Fredigs 1§M§of;ﬁ&@nt§ﬂﬁ@@cﬁ\ﬁ%gcgftﬁ@&hsop-ﬁﬁlﬁ@ﬁ/[ﬂﬁfﬂﬁearﬁiﬁﬁﬂubﬁﬂentS by
not requiring one or nore speci al S strf;f.{]gtures to@%2 f.ormed and bei ng

able to be éél‘ﬁoieé’é“‘ﬁﬁtmcéﬁ‘“feé‘“l?t“F el ap c IPER O aventiongd d@f” “Codrse, as an
alternative ﬂr&edﬂ&kdagloalol faglx ispdcimeglypt lintre dr @rabde of thpatideta rﬁor ophe gty uct ur e

or pattern that | L9k vaHee@ssui il f raction
grati ng, e. nown {aﬁunﬁ pes ang elfrcns X} tpc shg ng(igtgia%g a&ﬁ g) ae ?%@t Séld i gr get is
used, it is aeeasueﬁ omloThﬁge\t HTtdg\fedacﬂrqale éﬁﬁlle@n? l@fdlfccﬁa\“ﬁ"ﬁ@leé i85t 44 284 r uct ur e,

whi ch makes thd UGN ERS kBhe BatAlih G 1 MBdd Blaia@Bmiided. th @Limrﬁéfﬁi,mfﬂ e t he
phase of the repeating structure that cou %ﬁndl ca%e a faul

posi tional iH&AR ‘ﬁﬁb‘é’%@? of thehaciiigeat PleRrdHpesit HNRCIPRSTONF & e erfonf’%m%n

enbodi nent  Gficadube. prsegentariatonamth Ofensitysistuitelioras tHebackSomeplaxtiese ison havi ng a
repeating str nt of the invention, raw data
that is col I“éé“‘ta%é%] O?adgaﬁ%e fﬁglé‘wcﬂmmpm W%%uéc@( al so known as the

back- pr oj ecti¢5Hupict 2 glaogvdaieen freccrdard wrelppdd) 2 whe o fadatt BFEELY - based

sensor is u%éggi anIﬂ#n?lo n§i;c§fcmlt y fﬂtlhﬁaﬂb%@@@ét&l&’?h&@g@n ednal f)@l’assﬁg(&mﬂeluﬁ a CCD
sensor 4. The nonjtoring for a faul can be itori g a change of

this i nage a%ﬁEFI?Sé‘(ﬁC%HOIE Pf‘s%ij onggheisdp G éplﬂﬁ’&{“f 8‘r‘”ﬁ°“€5ﬁé}fe fglgt Oé??(ub%%]td ¥ ot to vary.
The raw dat aeédh®tbeu&1ce@&d1@aﬁed is si rrpl y an intensity imge of the
diffracted r out,. furth fSnvdipecessary
tine as di Sé&)@é@&lh 18t\l/1% AF{ tccun é’tﬁjsa%cmdm LY, e%ltsobcg@%%g?tﬁé%h\%%%t hmgXI sting data
in order toecdetsertm fnléowmmc?pd%fstl@wemé‘@lq%ere are in the intensity inage

with respect t0 tBRiingXP8rhaR READSHL Nna%ém%cauéfoﬁlbtgrfﬁﬁﬁﬁﬁ)r bes ween t he

i mages i ndi cat es a processing error (such as an overl ay error.pr an
i ma_g| ng err @yo;h:ct die or dedicated structure (i.e. metlology target) on as many dies of substrates

(with similar or desirably identical patterns) as possible;

2. generating S100 a measure for the change or variation of the back-focal-plane raw

image data over:

a) dies of a substrate W,
b) substrates W in a lot,
) substrate lots of a similar product (based on whatever process information

that is available; e.g. the identification information of a process tool or the
seftings “recipe” of the tool), or
d) any combination of a, b and ¢;
3. correlating S150 the measure of a change or variation to a known fault (i.e.

determine a metric for fault chance) by comparing the variation to existing raw image data,

e.g.
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13 [ 000541 Because this intensity inmage can also be used to cal cul ate
nmeasur-enments such as critical dinension, side-wall angle and so on, data
‘showi ng the variation of one or nore of these netrics is also present in
the CCD i mage of the sensor 4. It is with the variation in one or nore of
t hese neasurenents that an enbodi nment of the invention is able to determ ne
a process excursion or fault, Specifically, a library or database of the
raw data for one or nore known target shapes and errors in the shapes is
created and added to as various exposure tests are carried out. The raw

i mge data can therefore be directly conpared with known data and the
fault giving rise to the variation in the raw inage data determ ned. In
summary, the intgnsi tycdhptifd 0wed@ky Ahia bREnRRGKfREH Rt 3R&IIBES 1S A
function of one or nore pgrfgrnance measures. As such, a variation in the
intensity distributioff BF PhePr4ER 85 ot ane image is an indication of a

change in that penforbaacearimasukedaprocfs®BOhm Once a change has been

det ected and corrgl at vk aul t he_. tem.c raise an
alarmto indicat ecsbt hatﬁ)ﬂ%{,‘{\ﬂf %ET%% %ulé'ge?ﬁg@r?gtgget"’e'é?}geoé.%aﬁ'éia ps“%stsz%‘ Scu<'§1:fr§llasal SO
classify the fault i #itdigamelt yafe] quplgatWonvisesHe ionmeder ef thasterh Hppar at us

or process the fault gefUfismaDdighhat naRgeds to be done to correct it.
[ 000561 The net hod of det ctiqg a fault according to an enbodi ment of the

pr esent inv%ntioﬁaw%%ﬁ%§%§é§mfﬁ@mF8rlomﬁng steps as shown in Figure 4: 1
obtaining 10 a raw backiifiagalwsphanemianmgeo,of a scatteronmeter SM 1 sensor on
a product die of, dedi cated st ture.(i.e, . nmetrology target) on as nmany

di es or substrat é)s wW a?%”#’ha Iz'&i]ianl ﬁ%a‘%a“%“ (a'&gg?“rogbq (‘S?HV %r‘f 0|’eclfelﬂ%e%%ltterns) as
possi bl e; 2. gener at i Meea8ra00t of agesassted diefsgpstrptiéot.change or vari ation of the

back-focal - pl anecyr aw p‘ré@ﬂﬁxg%{h@' POEEL N (?E).g. gﬂp@%t'@%f%u@#rla@tw 8t Wha b)
substrates Win a lot, c) substrate Io%s of a simlar product (based on
what ever process inf orH&F7812R4at is available; e.g. the identification

i nformation of ad)processe p:08km 0fs obdv@ed 158drk, laRG BroViHRE k pRssifRitioh bethé ool ), or d)
any conbination of a, [b,and c; 3. correlating S150 the measure of a change

or variation to a known fault (i.e.
{00057} The existing mefrology data may include one or more known process faults such as

dose error, focus error, overlay error and layer uniformity error; or include process tool data,
which is sensor data of a process tool. Alternatively or additionally, the existing metrology
data may include sensor data, alignment data, leveling data of the substrate, applied exposure
dose, or applied radio {requency power,

[G0058] The fault indicator can be used in any of a number of ways:

A) To determine if a process is running on target and a substrate can pass through (o
the next processing step, e.g., determine if an overlay value is ¢lose to zero and CID is close to
a target value.

B) To determine if a metrology measurement is needed to determine the exact
process offset, In this way, an unnecessary metrology measurement can be avoided, resulting
in a shorter cycle (or throughput per substrate) time.

C) To monitor process offset on a structure for which known metrology
measurement is difficult because of the computational complexity of the structure, e.g., 4
product structure with many degrees of freedom. Furthermore, a process offset can be linked
with another, more precise metrology measurement to determine by what this offset is likely

to have been caused for future comparison.



determine a netric for fault chance) by conparing the variation to existing
raw i mage data, e. g.: 14 a) by conparing to netrol ogy data on one or nore
per f ormance neasures (such as overlay, CD, sidewall angle, etc.),

conparing to a known process fault,

data (e.g.

b) by

or ¢c) by correlating to process tool

sensor data of a process tool such as an alignnment wafer

quality (WQ where WQ is a neasure of the strength ofa signal fro
alignment mark)); and 4. generating S200 a notification by: a) notifying a
user using an alarm 30, b) alerting a FAB (fabrication) automation to carry
out nore in-depth neasurenent of a suspected die/substrate/lot, c)

preventing further processing (e.g. exposure) of a substrate Wor

| R al so
o ovidr g a fsoBRE Bk of by R AR ARNARBEOAA0R Blsfen @ B0
data may |nch%@é%bm@h@hsﬁ@MGMRﬂ®Mﬂﬂ%Wé@@%?UHéWWF@“§ﬁ$ﬁ“%BAd@@@@“k@ror
focus error 1alt91¥ﬁfvE1§Mn§E LRE ordind o &Y @Jbet‘rhrla' WQ£rﬂﬂetzﬁ’ea§Jr JdeceauQrtlrﬂe%hsuﬂ&g pr ocess

a suspect

t ool dat a,

which i s sensor data ofa proces ?H tern X y 0
addi ti onal | y‘“"ot’%‘é“é%"%? PG PRBEFGI 583 qd‘éetdéﬂiwa‘f Eflaﬁﬂﬂ‘é“eé?bt%]éeé Sscféf%ea
al i gnnent dabﬁ%ﬂﬂﬁv&hmmg&d&bﬂs@ﬁohﬁ&nﬁﬂhﬁhfﬁ@@ﬁsﬁ@ph%eﬂnamﬂagﬁﬁéﬁ dose, or
appl i ed radi a1 subst?eges G 5\5 @3 y\%tés pél[ 1%99t§§>11%h£9r985c%£ I‘no}e@g&s%% l%rmecc‘&pedb@e

any of a nuniie

rocess IS runnin on

and a subst rfatitecleainn plas@llttmwﬁju@waseozﬁn pdventyps f uswé@é@%ﬁ faep! lpsf T

determ ne i fSC?ﬁt@lOQ&@JéI\@‘VSC}{@L Wehat 1%13%5% :ﬁ\%ﬂ%@f&t@%&ﬁin@uﬁ&e@ |T(H§%e§1@ a target
value. B) To determne if a netrolo nmeasur enment éPneedgd to det

t he exact

phap e segrogqiisy of thiymeasirg o{gagmEe Sinvatigiiol JeR'SEy Y e L 1D ' gy

m an

lot with

r ol ogy

used in
t ar get

erm ne

nmeasur enent degid bethapmitidesheut@sifithe saageroifierd MiINDlet ieechoysol @n gler betusrdoughput
per substr at ez}nyexporsrgrc S)Qem-l;g prrg\[f)crr]llt cxpgsu% o?g?azsﬂ?y S%Esftt%t%tthl%r]nc@caa%é He Ef‘ﬁ'&i@n @

known metr ol

of a system.

[06061] Although specific reference may be made in this text to the use of lithographic
apparatus in the manufacture of ICs, it should be understood that the lithographic apparatus
described herein may have other applications, such as the manufacture of integrated optical
systems, guidance and detection patierns for magnetic domain memories, flat-panel displays,
Hquid-crystal displays {LLCDs), thin film magnetic heads, etc. The skilled artisan will
appreciate that, in the context of such alternative applications, any use of the terms “wafer” ot
“die” herein may be considered as synonymous with the more general terms “substrate” ot
“target portion"”, respectively. The substrate referred to herein may be processed, before or
after exposure, in for example a track (a tool that typically applies a layer of resist to a
substrate and develops the exposed resist), a metrology tool and/or an inspection tool. Where
applicable, the disclosure herein may be applied to such and other substrate processing tools.
Further, the substrate may be processed more than once, for example in order to create a
multi-layer 1C, so that the term substrate used herein may also refer to a substrate that already
contains multiple processed layers.

[06062] Although specific reference may have been made above to the use of embodiments
of the invention in the context of optical lithography, it will be appreciated that the invention
may be used in other applications, for example imprint lithography, and where the context
allows, is not limited to optical lithography. In imprint lithography a topography ina
patterning device defines the pattern created on a substrate. The topography of the patterning

device may be pressed into a layer of resist supplied to the substrate whercupon the resist is

or which



measurenent is difficult because of the conputational conplexity of the
structure, e.g., a product structure with many degrees of freedom
-Furthernore, a process offset can be linked wth another, nore precise
met rol ogy nmeasurenent to determne by what this offset is likely to have
been caused for future conparison. 15 [00059) An advantage of this fault
detection and classification systemover a classical netrology nethod is
that it provides an additional fault detection nmechanism Additionally or
alternatively, nore sites or dies on the substrate Wcan be neasured
because tinme-consum ng reconstruction of a target paraneter is not

requi red and so each neasurenent takes less tine. [00060] A scatteroneter

SML sensor gawd tﬁ’f,&@&y[n@ cRErIMRMELL @8 dibdidnt MeaS bxfeﬁfl’re Q)@E cSHbskibathe W fier all
substrates at. 1 substratesqrgﬁ}{i hour hrou P Because nore sites can

be neasuredpm?H@@CFﬁﬁ??nggﬁé%E ﬁPb%ﬁﬁﬁlﬂ? I aRE RS e & cukh advant age
of using t h@ibeit Khé eoed “rpliaing aod “tehe” vsstlatdie¢nomaiaerallSMet osensor is that it
is position [ n tsthe

apr oduct bi Ty e L he ot ARERL BENERE HAHET0n (b SR bl e does
not dependciottReS gos Lt &P éﬁcqm%cryn)@ﬁd piremeliag- w@hb&ﬁ?ékvéradsmm(e gThe

nechani sm CaRinglaS@vaggSe the rdnBe 13- BXROSY LB SHBHBRLEMsPALEYRNEL RXRasuUre of a
faulty substrate, thus increasing the efficiency of a system [00061]

Al t hough sp8&i'FT 8 &f erence may be made in this text to the use of

| i t hogr aphi ©006@pphe @tnugerist) wihive theroud-aaiowms gnayfre fb:@s anyi dne sihemblathe ofinder st ood
that the i r t d..her ve ot her
appl|cat|on%hg&t%%pbﬁxﬁﬁﬁaﬁgmh&%18 ﬁﬁ?&&%gﬁdm¥elee?%%}%%T?cal syst ens,

gui dance andecHergpeicond patioertiveorfiat cormgiretsi ¢ domai n nenories, flat-pane

di spl ays, ﬂOD(ﬁi@] s B4Y M)%@t mﬁijeﬁﬂ*eﬁ‘tﬂ@ftﬁé—%)l@n l&am Bred Hésmﬂg@%‘% '1tQN11h§eadS etc.
The skilled artlgg Mf |ate that, in the context of such
thatt 6%‘5"‘3“%%‘9

al t er nat i ve'PBSPTF 89‘61”“{"‘?1@]‘?@&5%3“ Rdpssrivedgor exagipleythyar i n may
be considen@dnasus&ﬂﬂmwnﬂuazMmmhnmhﬁpﬁ@macgﬁm&mghwkenw&sagmhﬁiﬁate or
target por, ﬁ*c He tea&a%?cqﬁ's?ut ?s %sombm?a? Rcs)é @adEsglosegfa rvlg: %(Ija da Qelléel n my be
processed, tor exanp 2t ack %a tool that
typically amﬁlwne(s gasengppeduciof meremy, sztagmc ar Opwtbélsk)au\enmdl develiops t he
exposed reqﬁéganmgcmﬁg@glogy tool and/or an inspection tool. Were
appl i cabl e, di scl osure herein may be applied to such and ot her
substrate dW@é@égFﬁ&”P86W§mmv¢%?Wﬁé?mf%%%“§8%§?ﬁéﬁémﬁﬁ¥75@ prédessed nore
t han once, s$mmﬂeman@&emunnmédammh&dﬁ&@ﬁhﬁn@nmmuh&h1Mﬁyﬁ%n¢£k so that the

term subst rd@s!czelbelé%ﬂmn%&%lrl”ig TBY, ¢ ?e s%%e%?tfheegla;l[n(s) se%out%elot rate that already
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contains multiple processed |ayers. 100062] Although specific reference may
have been made above to the use of enbodinents of the invention in the

context of optical lithography, it will be appreciated that the invention
may be used in other applications, for exanple inprint |ithography, and
where the context allows, is not limted to optical lithography. In

inprint |ithography a topography in a patterning device defines the
pattern created on a substrate. The topography of the patterning device
may be pressed into a | ayer of resist supplied to the substrate whereupon
the resist is 16 ‘cured by applying el ectronmagnetic radiation, heat,
pressure, or a conbination thereof. The patterning device is noved out of
the resist leaving a pattern in it after the resist is cured. [00063] The
terns "radi &48%" and "beant used herein enconpass all types of

el ectromagnetic radiation, including ultraviolet (UV) radiation (e.qg.
havi ng a mavelen y he: 157 or 126 nm) and
extrene ult ra Vi gﬁf %tﬂ%ﬁﬁcaﬁpgﬁaplﬁ%ﬁy 0&Q§b3t!%ﬁgb\%ﬂ%§g’gﬁ§ wavel ength in the
range of 5-20 nnrﬁﬁmﬁﬂvévﬁwagnﬁaﬂﬁﬁﬁﬁe beans, such as ion beans or

el ectron beans. [ﬂmﬁgdno-mb%uﬁ(ﬁﬁr%n tﬁl@ﬁﬁstl,ate\ﬁhfhraeacﬁehlen samt ext al | ows, may

refer to any one or combin 1ati o rious ty 0 onent s,
i ncl udi ng refracf?@%mgﬁﬁfT G%maﬁﬁdﬂ] V%nmd‘%%%ngﬁgghggﬁgagﬁgp

glectrpstatm&m@@hnmmbo&nmﬁmments [ 00065] Wil e speC|f|c enbodi ments of the
| nventi on have  DeEN. AESElIBRE. ARANGILbd Mdhnglifs () APREREI AURCodaL € he

i nvention rac ice herw se”than as describ r.exanp l e, the

i nvention naymmﬁmel@heﬁﬂ@h%ﬁﬁﬁm%m@bWﬁﬁﬁéﬁk&ﬁb@ﬁ&ﬁﬂ@@ﬁ¥@ﬂﬂfﬂ§”ﬁw or nore
sequences Ofy,. FRGRILAE; Jr@aﬂaph&nmm&lrmwoﬁs descri bing a method as

di scl osed above, or a data stora sem conduct or nenory,

magnetic or opt|€&PWHW§ﬁfmﬁa%WHﬁq§UE%“%m#%] %?g1 program stored therein.
[ 000661 The descmbmﬂmeSmaboMEanmegﬁwﬁbmﬁewbiGmm@nﬁﬁhuéﬁnaﬁNVé“Whot

limting. Thu§a0} y J.l; be apparent to one skilled in the art that
modi fi cati ofs nd?“b made to the invention as described w thout departing
fromthe scope ofscietieingd edtiigatioes! thipulbel ow. 17 Claims: | . A nmethod of

measuring a property of a substrate, conprising:
2. The method of claim 1, wherein the structure that is created on the substrate is a

product structuwre.

3. The method of claim 1, wherein the structure that is created on the substrate is a

specialized measurement target structure.

4. The method of claim |, wherein the existing metrology data comprises data

regarding previous performance meastrements,

5. The method of claim 4, whetein previous performance measurements comprise an
overlay measurement of a first structure in a first layer on the substrate superimposed on 2

second structure in a second layer on the substrate.

6. The method of claim 4, wherein previous performance measurements comprise an
alignment measurement of a structure on the substrate with respect to an alignment target

structure external to the substrate,



creating a structure on the substrate; illumnating the structure on the
substrate with a radi ation beam detecting the radiation beamafter it has
-been redirected fromthe structure, at the back focal plane of a detector
repeating the creating, illumnating and detecting for (i) a plurality of
dies on a substrate, or (ii) a plurality of substrates in a single lot, or
(iii1) a plurality of lots of a simlar type of substrate, or (iv) any
conmbination of (i)-(iii); nmonitoring a change in the redirected radiation
beam con elating the nonitored change with a fault by conparing the change
to existing netrology data; and generating a notification of the fault. 2.
The nethod of claim1, wherein the structure that is created on the
substrate ig a RLOAEGbD SlUCh WireinreviSpdMBENAL Rlasifd@ncdmpmper ein the
structure that is created on the substrate is a specialized neasurenent
target struéttifplglimepsiorppd SfPé‘fVHbftﬂ’g](‘J’FméﬁuéﬁW‘Pf a MBI 9 therBbsERFst i ng net r ol ogy
data conprises data regarding preV|ous perfornance neasurenents 5. The

nmet hod of c%a|n1%h conpri se an

metﬁgdeoifnlaf?n F\Qhollézsnt e exmtm me CE a om nscs a I?nown
overlay nmeaSurenent of @ first "SErUCtUr & e dorEy % ﬁ ayer b tHe substrate

super i nposedrogns fault.second structure in a second | ayer on the substrate. 6.
The nmethod of claim4, wherein previous performance neasurenents conprise
an alignment neasurenment of a structure on the substrate with respect to
an al i gnment" t ar gBt meilbedabelin & vaxeB A KA RO IbYE PaR T S4B oThe et hod
of cl ai m 4, inabenetdmppEiRy dekdSrfefot @lefaN 6@ ABASLIRNBBL $ife@Pehee critical

di mensi on and sidewal | angl e neasurenent of a structure on the substrate.

8. The method of claiml, wherein the existing netrology data conprises a
known procéss f &iditeth@ of Jhien Inehiveid tefexiglmginr8pgwherceinprisas n@wio@r ocess
fault is ong,or nore selected from the group conprising: dose error, focus
error, overlay error and layer uniformty error.

11, The method of claim 10, wherein the process loo] data is sensor data of a process
tool.

12. The method of claim 1, wherein the existing metrology data comprises sensor data.
13. The method of ¢laim 1, wherein the existing metrology data comprises alignment
data.

i4, The method of claim 1, wherein the existing metrology data comprises leveling data

of the substrate.

15. The method of claim 1, wherein the existing metrology data comprises applied

exposure dose,

16. The methed of claim 1, wherein the existing metrology data comprises applied radio

frequency power.

17. The method of claim i, wherein the detected radiation is raw lmage data.



10. The method of claim1l, wherein the existing netrol ogy data conprises
process tool data. 11, The nethod of claim 10, wherein the process tool:
data is sensor data of a process tool. 12. The nmethod of claim1, wherein
the existing netrol ogy data conprises sensor data. 13. The nmethod of claim
1, wherein the existing netrology data conprises alignment data. 14. The
nmet hod of claim 1, wherein the existing netrol ogy data conprises |eveling
data of the substrate. 15. The nethod of claim1, wherein the existing
nmetrol ogy data conprises applied exposure dose. 16. The nethod of claim1,
wherein the existing nmetrol ogy data conprises applied radio frequency
power. 17. The method of claim1, wherein the detected radiation is raw

i mage data. 19 18. The nethod of cl ai %% .vth?r n.the notification of the
fault is in'$he 87 mRBEd Akiaimy ] 3PEReN e NOFPGt G HISéau £ RIS M'T “wherein the
notificatioma@f the fault is in the formof an alert to a detectlon system
to carry out a larger nunber of in-depth neasurenents of a suspected die
on a substrate. 20. The nmethod of claim1, further conprisin reventing
further proc¢essi Ate oethadye claigy batherain gheraicagan el gie S it Ef%l“ﬂ% ‘glﬁbt ect ed
fault. 21. TJX%C{E&EOQQ%&I toGhiR dlrz’c dlarebUHutlB&Tof GORPH nSisDGmpiov adhispgetal
classification for a die, substrate or ot where the fault has occurred
previ ous| y. dgonayhgafet hod of claim 1, wherein the structure on the
substrate is a diffraction gratl ng. 23. The nethod of claim1l1, wherein the
fault is in progess, st n 24. The

net hod of CF{gi m g AR L| D i htfurgﬁloglg@%@tpg%m?@’gﬂgergf&%ﬁﬁ&%@ggﬁ ected from
the group eltbstptrdtsatncgl:taud@\ﬂeelvorbllarﬁgtcciéiféﬁi ng, polishing and deposition. 25.
The nethod of claim1, wherein the fault is in alignnment of the substrate.

21, The method of claim 1, further comprising providing a classification for a die,

substrate or lot where the fault has occurred previously.

22. The method of claim 1, wherein the structure on the substrate is a diffraction grating.
23. The method of claim 1, wherein the fault is in a process step in the processing of the
substrate,

24, The method of claim 23, wherein the process step is one or more selected from the

group comprising: developing, etching, polishing and deposition.

25. The method of cfaim 1, wherein the fault is in alignment of the substrate.
26. The method of claim i, wherein the fault is in an illumination system.
27. An inspection apparatus configured to measure a property of a substrate, comprising:

a detector configured to detect radiation, redirected from a structure on a substrate,

at a back focal plane of the detector;

a control system configured to monitor a change in the redirected radiation and to
correlaie the change with a fault in the substrate; and

a notification system configured to notify a user when a fault is determined.
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26. The nethod of claim1l, wherein the fault is in an illum nation system
27. 'An inspection apparatus configured to nmeasure a property of a
"substrate, conprising: a detector configured to detect radiation,
redirected froma structure on a substrate, at a back focal plane of the
detector; a control systemconfigured to nonitor a change in the redirected
radi ation and to correlate the change with a fault in the substrate; and a
notification systemconfigured to notify a user when a fault is determ ned.
20 28. The inspection apparatus of claim 27, wherein the detector is
configured to output raw inmage data corresponding to the detected

radi ation and the control systemis configured to nonitor a change in the

raw i mage dag.a i mhoOmgREidhQpRAIsLOEiIMREe, WRANGS: ddkclhg b8dlkeolagdy: radi ation,

29. A lithographic apparatus configured to nmeasure a property of a

substrat e, g%ﬁﬁﬁ?ﬂ%?ﬁﬁﬁ”%J Wﬁg%ﬁ%WaC?iﬁ@@“@&ﬂ?ﬁﬁﬁ?@ﬂ“ﬁﬂm sregtigiedpstrate; a
syst em conf ioguméd atcharize arts¢ @w i@agpdbtt @aroilet © ndngorsiadtdzatrahe @digdetect or
configured Lg.getect radiation, redirected fi-oma structure on a
substrate, at a back focal plane of the detector; a control system
configured to nonitor a change in the redirected radiation and to

correl ate the chamgRgMbtibapabaybdfibfedih e SRS LIALE) oraRths@uOti fication
systen1conf|guned to notify a user when a fault is determ ned. 30. The

|'i t hogr aphi €"&Pp4r at us of clai m29, wherein the detector is configured to
out put raw i magesuata: e cordponids hgd 4 abithe; det ected radi ation and the

control systemi fi ed. to ronitor change in the raw i mage data in
order to nDnitoré?ﬁgﬂghgﬁéggFHuﬁﬁng%ﬁ|?%§cégﬁﬂggdiation. 31. A
| i t hogr aphi c cel 4 degsstarf sqliewed t getpae erdigtia, wdiprepérmny sfictae subsibitate,

conpri si Ng:ata Back ke QBHAPNLEIARRAr at US; a substrate processing device; a
detector configured to detect radiation, redirected froma structure on a

substrate, at & BEEK SHHERFONPREHEC Bpitohachgpged thepedirected radiation and to

correlate the change with a fault in the substrate; and

a notification system configured to notify a user when a fault is determined.

30. The lithographic apparatus of claim 29, wherein the detector is configured to output
raw image data corresponding to the detected radiation and the control system is configured
to monitor a change in the raw image data in order to monitor the change in the redirected
radiation.
31 A lithographic cell configured 1o measure a property of a substrate, comprising:

a lithographic apparatus;

a substrate processing device;

a detector configured to detect radiation, redirecied from a structure on a substrate,
at a back focal plane of the detector;

a conirol system configured to monitor a change in the redirected radiation and to
correlate the change with a fault in the substrate; and

a notification system configured to notify a user when a fault is determined.

32, The lithographic cell of claim 30, wherein the detector is configured to output raw

image data corresponding to the detected radiation and the control system is configured to

21



a control systemconfigured to nonitor a change in the redirected radlatlon
and to correlate the change with a fault in the substrate; and a
notification systemconfigured to notify a user when a fault is determ ned.
32. The lithographic cell of claim30, wherein the detector is configured
to output raw inmage data corresponding to the detected radiation and the
control systemis configured to 21 nonitor a change in the raw i nage data
in order to nonitor the change in the redirected radiation. 22

monitor a change in the raw image data in order to monitor the change in the redirected

radiation,
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