| nspection Met hod and Apparatus, Lithographic Apparatus, Lithographic
Processing Cell and Device Manufacturing Method FIELD [0001] The present
invention relates to a nethod of inspection usable, for exanple, in the
manuf.acture of devices by a |lithographic technique and to a nethod of

manuf acturi ng devices wusing a |ithographic technique. BACKGROUND [0002] 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 (I1Cs). In that instance, a patterning device, which is
alternatively referred to as a mask or a reticle, nmay be used to generate a
circuit pattern to be formed on an individual |ayer of the IC. This
pattern can be transferreﬁgambmmammiaﬁggbmﬂmgLh@mmbmcapmmmmnrising part of,
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material (resist) provided on the substrate. In general, a single substrate
will contain a_ network of adjacent target portions that are successively
patterned. Kno®ELULD t hographic apparatus include so-called steppers, in
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one or nore propefties of beam bef'ore and after it has been refl ected
or material (resist) p:owded on the substrate. In general, a single substrate will contain a

network of adjacent target portions that are successively patterned. Known lithographic
apparatus include so-called steppers, in which cach target portion is irradiated by exposing an
entire 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 paraliel or anti-paraliel to
this direction. It is also possible to fransfer the patiern from the patterningdevice to the
substrate by imprinting the pattern onto the substrate.

[0003] In order to monitor the lithographic process, one or more parameters of the'patterned
sutbstrate are typically measured, for example the overiay error between successive layers
formed in or on the substrate. There are various technigues for making measurements of the
microscopic structures formed in a lithographic process, inciuding the use of a scanning
electron microscope and various specialized tools. One form of specialized inspection teol is
a scatterometer SM1 in which a beam of radiation is directed onto a target on the suiface of
the substrate and one or more properties of the scattered or reflected beam are measured. By

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



1 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 al so neasures pol arization state. [0004] A scatteroneter
is typically used to detect a fault in an exposed (i.e. patterned) |ayer
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way this is done is that sensor and/or actuaior 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 soribe lane.

{0006] The following is a description of fault measuring known in the art. A scalterometer
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 targets on the same site of the substrate
in a previous layer. A scatterometer is alternatively used to turn raw spectral data into grating
profile parameters such as CD (i.e. width of generally bar-like structures) and sidewall angle.
[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 fot 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 neasurenents 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
of substrates is that only a limted nunber of data points are avail able
for each FDC performance netric. As few data points are used as is still
feasible to keep conputation tine to a mninum In other words, it has
been desirable to reduce the nunber of data points, potentially
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of a subst r at eimecioafiiriens o dq et ect or configured to detect radiation,
redirected froma structure on a substrate,

SUMMARY
[00010] In order to determine a fault within a lithographic 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 fo 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 ervor 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
subsirates in a lithographic apparatus.
[00012] According to an aspect of the invention, there is provided an inspection apparatus
configured to measure a property of 2 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 fo 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
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 determined. 3 [00013] 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;
illumnating the structure on the substrate with a radi ati on 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 (iii) a plurality of

lots of a siml o131t LS lﬁ%tosaqpl%&al:& £ ofe ifileiondidte GQMIIdAE inethoddf (i) - (T11);
nonitoring a cHang I'n ? redirected radiation beam correlating the

moni t or ed changeaswiiegn moregy P2 HTRGAPRPITE t he change to existing

netrol ogy data; and gemgratihdge a: hokibftiaeat i on of the fault. (00014]

According to a further aspect of the inventi Qg .thehssbsProvi ded a

| it hographi c appar af trEEBEeSHELY® %gh‘ﬁ%lgglﬁlregv%aﬁr 0|5[elr1tyI of a substrate,
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detect radiati redire roma structure on ubst r e a back
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change in the radifest@ds pradigr apstardint:aingeonselial eplohisy eflanges wWirtH a
fault in the substrate; and a notifiﬁgatiwr)lﬁsystem configured to notify a

user when a f adiPe of WoSFAESF fYHEE COMURHELS Al ording to a further aspect of

t he invention, ther ewnBorpeevhaedinghd redidacefragitiioe bed8k|  configured to neasure
a property of as Ubscgrli‘e%tiﬁg G QA dBBhge &ith b 10ROy aRfpafinRPahicusexisting
metrology data; and '
generating a notification of the fault.
160014] 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 back focal plane of the detector;
a control system configured to monitor a change in the redirected radiation and 1o
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 substrate processing device;

a detector configured to detect radiation, redirected from 2 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 nofification 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: 1000171 Figure la depicts a

| it hographi c apparatus; j00018] Figure | b depicts a |ithographic cell or
cluster; [00019] Fl gure 2 depl cts a first scatteronmeter; [000201 Figure 3
depi cts a secoBRIETCREFEHBHHIOMN ) J2%1 Figure 4 dep| cts a reI ationship
bet ween a scat E(ﬁ)ﬁ%yﬁ)&dlﬁx@% é‘ﬁhéﬁa&%&ﬁﬂhh&w BPRABLA By wRACH LM IbrlyOwan
enbodi nent of the present invention. DETAILED DESCRI PTI ¥£ l‘t(c)0221 Figure |
a schemat i cal | {da5e Prtee agcqmpemingrsshsade Gppagsdr (aich Wéspa% T8 conpri ses:

- an il um nat k@fbosYishiQmcoidshonding airay gnd inwigemnf i gured to condition a

radi ati on bea radi ati on); a support
structure (e. n}O:bél‘?Il[gég‘g% Iﬁgvé ts‘?ﬁl‘lﬁd‘3 Elf(r-a)‘ﬂ)ciagg to support a patterning device
(e.g. a nmask) Mﬁﬁwmdtgu@rm@cm@daiﬁtmgaapﬁlclc@torpbstplt| oner PM configured to

accurately pOS[du%ﬁ?FIQG%Q&@&E%QHE&&%A&&G in accordance with certain
paraneters; a su rate r%’éawaer table) WI constructed to hold a
f

substrate (e.gl00820] Figgrestdepigpt %360 epriiea Ay connected to a second
posi tioner PW mosfil glg[u%d, d%ﬂctﬁ@&l&h&kﬁb]betw@@&lsbdtt@nl’dmbﬂaﬁmﬂl:«lhlﬂﬁ)glalﬁl’ﬁx: dpparatus

accordance with c_?__r ﬁ“gﬁ@rf@@}%{‘ {@d E?egm lrogj ection system(e.g. a

refractive prof€¥ti® Cohfiglired to project a pattern
inparted to the radi ati on beam B by patterning device MA onto a target

portion C (e. gppfAMBhisiddg@enor nore dies) of the substrate W

[00022] Figure 1a 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
patterning 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 fo the radiation beam B by patterning device MA onto a targel
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 optical
components, or any combination thereof, for directing, shaping, or controlling radiation.
[60024] 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 patterning 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 frame or a 5
table, for exanple, which may be fixed or novable as required. The support
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programmable mirror array employsamatux arrangement of small mirrors, cac of which

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 type 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 synonymous with the more general term “projection system”.

[00028] As here depicted, the apparatus is ofa transmissive type (c.g. employing a
transmissive mask). Alternatively, the apparatus may be of a reflective type (e.g. employing a
programimable mirror array of a type as referred to above, or employing a reflective mask).
[00029] 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 support 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 systenms, 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 programmable
mrror array of a type as referred to above, or enploying a reflective
mask). [00029) The |ithographic apparatus may be of a type having two
(dual stage) oOmayriried tlgst pat @ rortribés afddrdvmpprt styugtuees mbileons appeye piher
structures). | &b[%yé%ﬂ/o}' H;géoy 99l1§ 1@%@9&'{@%&&@? sufhe additional tables
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[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 g-outer and o-inner, respectively) of the intensity distribution in a

pupil plane of the illuminator can be adjusted. In addition, the illuminator IL 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 (e.g., mask) MA, which is

held on the support structure (e.g., mask table) MT, and is patterned by the patierning device.

Having traversed the patterning device MA, the radiation beam B passes through the

projection system PL, which focuscs 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 may 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 e-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 inits cross-section. [00033] The radiation
beam B is incident on the patterning device (e.g., mask) MA, which is held
on the support structure (e.g., nask table) M, and is patterned by the
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PW In the casenattM, e erpipebstretashawpw@tswstpé Pz ‘35 ﬂ‘é’wa ort
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fixed. Patterni ng e I ce substrate Wm Rt
pat terni ng devﬂac&ﬁtmlﬂogh(rﬂteﬁﬁa‘e‘fﬁﬁ‘rvké‘s Horioe-Ke 4R neny‘b Fsl)(’#”wgn dmﬁﬁ%]ntmrirl}ar ks PI,

P2. Al though tQgis HQl%tﬂ{aﬁbﬁ‘.c@élls gmm@d on thegakeniag davick isY, ﬂf&t%@?f@j%‘éﬁwe dedi cat ed
target portions, they pﬁ'g}é@ Fe ;Hca?e%tbgtweérﬁhéﬁésces bet ween tar get portions

(these are kno@h‘fv’»“ﬁ@“té’@ nirent  mar ks) . é% by SI tuations
in  which nor e (gobas) Tondpidicd aipsrapys gwlfﬂleﬁlsehn eiteestipat ?fé'i“‘rﬁ"ﬂ‘@“ PP the
patterning devi (ﬁ)ﬁ%] [ 1n step mode, the suppost structure MT and the substrate table WT are kept

essentially stationary, while an entire pattern imparted to the radiation beam is projected onto
a target portion C at one time (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
mode, the maximum size of the exposure field limits the size of the target portion C imaged
in a single static exposure.

[{06036] 2. In scan mode, the support structure MT and the substrate table WT are
scanned synchronously while a pattern imparted to the radjation beam is projected onto a
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 maximum
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. 1000341 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) 2. In scan node, the
support structure MI and the substrate table WI are scanned synchronously
while a pattern inparted to the radiation beamis projected onto a target
portion C (i. e[00337$ Bngl e Lyttt codextposipiros)strucihie Mi e ket assenéialy s@fiené@t i on of
the substrate P?](%g( dpryg[ar{;:%b"f‘é ﬂa&&m}@dé\!ng a%&’@pgfhgna%ttﬁﬂi@wrtﬁmMEd BBy alded

det er m ned by I catlon I mage reversal charegﬁ r—F'lrl stics of
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substrate tabl @ 'e"a pattern inparted to the
radi ati on beammur@rpramp‘é%ﬂymsesﬁ@&dép tbayeget portion C. In this node,

generally a pul|0§(%g éﬁ‘%l@&ttlbl%&n@/&qfaﬁﬁlohssotﬁﬁ@iﬁ\)&dscﬁM hdaes e anmEbl e
patterning device is updated as rgﬁg@ge after each novenent of the
substrate tabl @yt grdss R tre e die bSiReesi ve radiation pul ses during a
scan. Thi s npdeossb] apsoah lnm’glﬁealrb the lithegaatihlcy parppisiL@diotns parrakiitbaggaphic

l'ithography that utilizes. pro AeXich Siso RHIGHsAS a
pr ogr anmabl e ﬁb}‘? Sos?rPezm%(s) “e ng?B’%‘g g{ﬁE&e *F6 "above. 1000381

Conbi nati ons ampdrous ty a@rfoatl [SU:413 m@r? 11? %éflcblmwpféﬁé@@r‘qcﬁéﬁ ARAEIPF use or

entirely d' f f(%rn%% W@ése(mc]dd@@nc@)ho@l i c&@cr@ﬁ@io%@ﬂa{e@i@t@a%&] oAsSorshown i n
Figure 1 b, the | |t?1 ogr aphi c appar at us EA forns gl ”:‘18 n%ﬁp' C
cel | LC, al so "awhisysiprss e g cessaegtiont powet tpers ChsMLEPLr b on
al so incl udes ba@nﬂtaersam& stgstpee hdndleMotaBot RO nbltselp[md}stlaﬂﬁlolpwvﬂ@mbs ure
processes on %oxgtsulp 1, /85 Moves it between the different process devices and delivers it to 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 conirolled by the

supervisory control system SCS, which also controls the lithographic apparatus via

lithegraphic control unit LACU. Thus, the different apparatus may be operated to maximize

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 measure one or

more properties such as overlay error between subsequent layers, line thickness, eritical

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 substrate 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 2 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 BK. A substrate handl er,
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 |ithographic apparatus via

| i t hographic control unit LACU. Thus, the different apparatus may be
operated to naximze throughput and processing efficiency. [000401 In
order that the SbtstSt rat e%stsrt]e%tt éo%n giﬁ@tg%%ebﬁort@@ﬂ e'tx’ﬁ’rﬁ@gﬁ ﬁi{ﬁ{’bt@) seppartat us i s
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from the |ithofaphicd" ™ 1 An inspection is
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layers of the sane substrate vary ’ Grass a
substrate. Theafidgpees-FoRsEIIFL S Qé"tplfg]f:émli)‘mﬁgcusmgm ﬁ‘ié%ff t ?E‘?%gkd%
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device. To enable r ap) od il §6Sicrahla thatiot he
i nspection app&rist ﬁtstFlsﬁ%gé’ i lmaégzll{%e‘rar&ﬁ%%gy prloeéru es c|n e c’%l%?ﬁ%d resi st

| ayer inmedi at ﬁés;dblaidnmkehhauemp!ﬁsﬁr@ de"‘ﬂﬁ%ﬁé(ﬁ’é‘?t mpgte o 5[‘181?1’3 ge in the
resist has a v sted MRl ks o‘f‘tﬂeh&fs?hdv@bd@ﬂleﬁoﬁbd\#@fryﬂsmhﬂem tr ansf‘e: step

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 onio a substrate W. The reflected radiation is passed to 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 simulated
spectra as shown at the bottom of Figure 2. In general, for the reconstruction, the general
form of the structure is known and seme 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

normal-incidence scatterometer or an oblique-incidence scatterometer.
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difference in refractive index between the part 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 neasurenents of the
| atent image. 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 step such as etching, The latter possibility limts the
possibility fo[00(Jce\}'\mhkthﬂfscaaerbaetbttsvam&tay a¢ eebwith amanpoditnpdt bf the Bvénden usef ul
i nformation, 0 r LQure 2
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or an obllque sca ne Anot er scatterometer SWM2
t hat may be usedduwamo:ahdemmomthmmwmnntnh@ﬂﬂﬁwiw pegfier spestrgme®r? i n Fi gure 3.

In this devi C%ca&xhcgncrn nﬂ&ds%s%%r&ﬁ&%f%lé' cﬁgéqﬁ&‘) NSRRGSR tpek SanbeCUSGd
using lens system 12 rough interference fil ter&a%mfr}&: ol ari zer

reflected by pesetires) TISP de’ie@f"l ‘o bedosrrppled RN SEHOBES nr%‘?‘ﬁbst rate
Wyvia a m crosgaRg ik-2eh tive of, Qﬂsxaih'{ile 40Mahm§£bohca:$exaﬁefmgh nuneri cal aperture

imy even have WPk Fewe it e Bsariniee et FERRREO N SRRGELGTe! €
radi ation t henmadidtian Swidb shig, Mhoubdragiation |baelni iy incidpiten thewartighreceverpriicald a
detector 4 in part of it is transmitted through the surface as a reference 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 radiation 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 transverse

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

11



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 nmensional
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 frame. . [00044] A
reference beamis offen used, .for ex FEasutagy bheavelatggind by of the
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eamis then projected onto'a different rt. of t . ! [ anftle
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detector 4 oY TS & B HLABNShit ¥ dekritaat e et iad Aphion apicaios| ngl e
wavel ength (or a narrow wavel ength ra the i I VteS GRRTAG S By at
nul ti pl e wavel ewgiedtign n‘bIUS@H‘BS“?Orqg%sﬁs‘?”i‘g‘qﬁﬂ‘%ea{}%l c:e“%&?ﬁ\}g}rpgate\/vavelcentgt h range.
Further, the deiggtor may separately neasure the intensity of transverse
magnetic- (TM and transverse el 1G5 2GEGh e WRERE bARE suttaditatieron and/ or
the phase di fféqﬂg‘}‘?éérﬂ‘b@‘fgﬁfeogﬁ%sﬁaetgﬁ%{ ?&g%se g’maﬁnet _|blc- %nd LI ansverse
el ectri c- pol ar Haedpradidathonre FroeOaApiUsHH g% BrEGHaBENE FEdiat T'on source 2
(I.e. one wit hi & th-i: d8:LANER t8%3£ faﬁghﬁg R%en td beagipe icagpaometsanidhienytshd - and
therefore of cbl orsﬁ I's possible, which qi %L?z'lg -L%ﬁ%@o'e&% %%Qfék{%tc.,m | owi ng
the mxi ng of mufbtusyloes, Qelsl é‘ﬁ@)‘f‘ﬂ'§.abef‘ﬁté°“87' i PR oF \_/Q/a\(eﬁ’l engths in the
br oadband desi tahl: RaatsnNASe Richanpaintid wif mEiFest andriatiosga e A 2EE | east
26 (i.e. twice the wavelength bandwi e toBNE Ak abePQEIGE Se liGlogiptdd at i on
may be differeh®r eb%?"c“?*gﬁéa‘%°?l°a§ﬁ’n1@%%%&]ggveﬁ§di ation sour ce whi ch haye been
split using, ep@icstidhiaperatisumdicelstly hapiplgition esjem Rin gidgliumination Symmetry

the presence of such aberration will manifest itself in a variation in the printed target pattern.

Accordingly, the scatterometry data of the printed target pattern is used to reconstruct the

et pattern, The parameters of the target pattern, such as line width and shape, may be
tedge of the

farg
input to the reconstruction process, performed by processing unit PU, from know
printing step and/or other scatterometry processes.
~ [00049] When reconstructing a target palter (e.g., a grating) accurately, it is desirable to
determine where a fault 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 & lithographic system. A fault occurring anywhere in a lithocell ot 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, poiishing and
deposition. Alternatively or additionally, the fault may occur during the alignment of the

substrate or even in an ilJumination system, such as in & patterning device.
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resol ved scatter spectra may be neasured at multiple wavel engths in

paral lel.. .A 3-D spectrum (wavel ength and two different angles) nay be
measured, which contains nore information than a 2-D spectrum This allows
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, such 0@1@59[ A HSous PSS ve, %‘éﬁ’;{r%é’?‘}he n%’é ﬁ?«:{ h off s?hraE aa';ﬂlbg m'&':d toﬁgae

lithogr aphl c projection apparatus vari a
rel evant par amefsf! ARG tedaiier é%?ctlaﬂsoﬂﬁaaﬂieatai @P\lt |H¢thﬁe ingraaritgeitle matfrbgmf For

exanpl e, the tadgghbinpatsh Wp&ai[}ﬁﬂcx&@eﬁ]@é”b‘éhbﬂé&%n B&d&)m’c%@éa& (ﬁg%’oh%bl@@ in the
| it hographic pro ection gﬁara ‘% F tklcu ar | projection system PL,
and i 11 uninati ofCEy APRETEIRAE™ PRSP JdR @é'li&?*agra?&qma%@?w‘m RSP IQHRS gt

mani f est it sel fpoints imthe aamiegiosiden. i N t he pri nt ed target pattern. Accordingly,
t he scatter OrTEt[leSﬁa&’IgsthiTehthl?etlg{ognkﬁg_?[gp?‘ nﬁl Oai.iEt% g!’I;Pr!)l‘ moreudsgcated%r C?ConSt ruct

the target pattern ar anet attern, 'such as |ine
wi dt h and shapés""’i*rﬁv)"b@' m‘?*ﬁ%‘@t?ab’[@ngWémﬁe@@nb'tﬂreﬂ@t!t}@nsdpq:t@c)@@s% ‘dipeetf or med by

processi ng uni tpefPldknarfcs ﬁﬁinkmw @@%ta?ﬁnéms;d&?ah% l@ﬂ;sékt@ﬁqe?sﬂ@(n%ts Qlher
scatterometry processes.. [00 4 reconst ruc g){a target pattern
(e.g., a grati r?&fﬂ)3 pEled e’?’?fe”“ "e'?t?“ PP @ direst PH ’éﬁ’”ﬁ?ﬁéﬂwﬁé‘?”@aﬁdfault
in the manuf actmy esford die bb ased éir iipdit trefsnreBis. Bgemrcctpézf&aﬁhde niiehﬁtcmeﬂte(;ur s in

the target pat &y Lﬂldér%oéd' tllﬁa?l% zr%LsE%mex% i k’%% ok outr(]) dfl%ﬁeg tegt s? gct![u %L\?}ff%r (L)I](‘: tures

on the substrat IS th
det ermi ni ng and‘ﬂnéﬂ%@éi‘#’tyﬁgr@tbp qﬂéﬁa!wnd ‘i"rfrdla” mﬁash@gm@phmbﬁcsysﬁ emnon A pogest t

occurring anywheser ih@s@stlra'tetalél Q¢ Blelmdard & fi M1 YroBh PG ﬁls:. nleb@Eerdehi save YRS Lr{%lat e
Undergoes may C ntri te to an error in the prlnte StrUCtures on
substrate surf gi‘é"‘te S‘f*b}l S PSS IEHRE TP PGHtE@ens Byaief teayiried anger more

devel opi ng, et gphiia st spodtinsdrb REfoand andB{fJ@,Sdbtclt@Bb oaAleHeutré&EdtNa S'onQﬁe ﬂy”
e ali substrate or

addi tional l'y, rin

even in an il llh)gn(%%;té?%)%zsg%y%n a(ftematweﬁo lggﬂ%laﬂcx&stﬁ%dn?%? ?_ijélctd)émn&éhe sﬁl_iictt[r@oo501
As di scussed abyp¢iten thaié mfaﬁlg@rmm’rbe aderibpexd taudet ghak e goidifintten ghdbe, canvite
detected on t %cctﬁ@egﬁaxi@%a’é@ﬁﬂ deliBRAERL A e GGhid Al heRALEN dral faul t.

However, i ncreasi ng unber of
having 1cpea1mg structme, which makes it much easier 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 plane 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 paftern 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
unnecessary time ag 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

i nvention does not aimat direct performance neasurenents and may
therefore also be used for in-die nmeasurenents. By "direct performance
measurenents”, it is understood that the neasurenent is carried out on a
dedi cated test structure, such as a diffraction grating. On the other
hand, "in-die" mspm@mms it@Binbigagadan bledbaudd torrialapmodactmentsayabes of t he
substrate as an | r medi fi,nal i tsosave
ti me and subst?ﬁ?éggﬁWﬁﬁﬁgg'aha l%ﬁgfg Q%QQBmegﬁgVﬁéﬂggéﬁgggﬁ?enents by
not requiring anee oetricDs @so psgset inghe €@ image plibg ﬁ?’f‘%‘s“ figs B Y HBECHRAbei ng

able to be car r' %gte%llﬂhcs% 1Jc§s%}e&n\é§tk Yhat z@@m‘b&ﬁm@nlt ¥ the inteR@A524b1€0b deeurize, as an

alternative to Using an existing printed attern, t re or
pattern that i S EESKREYD ﬁ‘a@“lbépcﬁlrﬁélﬁ’rﬁﬁtﬂ‘ %F%@F é%ﬁ Wéigtagor %‘grlr]ﬁ%étjl on

grating, e.g. Wnbbn BrzeSRES afnli errehitidbhaedis pleastand hddedtode dirpat @f@@@rt@‘@t is
used, it is easier t he cril.ehl ;gmgkh&g”ﬁ{aramture
whi ch makes it “r‘ﬁj’@ﬁ’eg%fge‘g’? B e élé:mégslgf;%fea{)tc:agér?ﬂ?goﬁfagr exampl e, the
phase of the repefaitighgnesise tochaagiation an the e iopagerslelia deteraningd f1a impmanbiie

posi tional invaf !m%ﬂﬁﬂsh%utxor; e BAGKOLPFiRbe 1]%%@@21 fuldibn bfSonklsiethatt pértdriaance
enbodi nent of tlh present 1 nvention also r

L es ent. ving a
repeating str ucmqawees AsoRBI5BYe ‘PW“&W“@HWH?W&W“B?“ @HE%?C%&%"E‘W%“H lmfggg\}v ata
that is coll eCtn@ﬂ’cah(ﬂa cIfQ%ah@qktilﬁﬂﬁ&bmﬁhc&m&as%@ﬂ)SO known as the
back- pr oj ect ed H?ﬂ?ﬁ?l ch%a 131.1%{‘195?? ) & ?ec{c'd Gild c%lré’}!ﬂ&) w191f a t?pe%g?afuttetﬁpﬁ;%mmbasé(e:g

sensor i s used. ensity exa
sensor 4. The rafenihiomi tadpdicate dat £ @ulk basbean dbfea@o'ﬁle’/ Sbjiﬁe”h‘éﬁ*ilafsér@]iaﬁgp é{‘eé"r‘l'ﬁnge of

this imge vau'l% £ da Wil dRoRoasel JnsHeAL r?th@@ﬁptaﬁfugmt}ﬂ&%ssk}ﬁ: fNeeleshdmdkt t o vary.
The raw data that & collected is sinply an intensity imge of the

di ffracted radingtdp torbe devieth@trectflur t her mani pul ation that takes unnecessary

tine as di SCUS%@fdsﬁhﬁayﬁlethél&kﬁdbtéﬁuﬂglsrqhya¢cmg@td@eﬁibnqimredf thé praseetingniiang dat a
in order to determne at, dlffer nces ere are in the intensity inage

with respect t GOIpIises R c‘f’vtj'?agdﬂ‘eip?ﬁsé9 r{m“% A difference between the
i mages i ndi cates a pbwainiag 3 mgme:mclefoca(ls@owmaaesofaﬁca@vemﬁfaﬂﬁ[‘é‘r 81T 88 2 an

| maging error) product die or dedicated structure (i.e. metrology target) on as many dies or substrates W

(with similar or desirably identical patterns) as possible;

2. generating $100 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,
c) 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
settings “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 [00054] Because this intensity inmage can also be used to cal cul ate
measurenments 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 nent of the invention is able todeterm 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 intensity distribution of the back focal plane inmage is a
function of one or rdre pesdrorritiemetrazadir esoncAs Mol OTAAAMEHIICHEUIN t he

intensity distribution ofs B baskideaaheplane i mage is an indication of a
change in that performance neasure(s). [%)00%?1 Once a change has been
detected and correl dPed W TMPARBYOBKIGHT PRETSE F2Ub198 system can  raise an

alarmto indicate that abfaukktihaspbesnoddiecieensofldaa sipgtemsc@hswah 0

classify the fault into_a.classificat,i ase : 1 : ratus
or process the fault occﬁ"rasllgnéﬂeE‘\y\?'ugtq%]r?g@é@’ %gcb\gaésﬁlgga?%é géﬁe:kggr?gﬂ}oﬁa
[ 00056] The net hod of detiget ingaeadipaudnt makiondi ng t o an enbodi nent of the

present inventjon coRRfihSER0 L NGiTRAIh M Ny steps as shown in Figure 4: 1.
obtaining 10 a raw back-focal -pl ane image or a scatteroneter SM sensor on

a product die or d&di catWHYEEAY 8F% RlaE %etrol ogy target) on as nany
di es or substrates W (WddniiaMABAfabadaticd sits:akloy td danbitemke ipatiier ns) as
possi ble; 2. generating S 100 a {rt?%sl%reectf(alr /Sgﬂpsg_ﬂc/li%@nge or variation of the
back-focal -pl ane raw i maga HAtA GIEFPL GRS % substrate W b)
substrates Win a lat, c)reabstfathe protsinpfegsipniuar! prubdaetV ¢hased son
what ever process informatjan. «&hald s available; e.g. the identification

t

informati on of a process tool or the settings "recipe" of the tool), or d)
any conbination of &, b affle roblgn hegpquapditefon 25a BI9ViERa 2 AedigHen 8 "e change
or variation to a known fragt (i.e.

{00057] The existing metrology data may include one or more known process faults such as
dose error, focus error, overiay érror 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 frequency power.

{00058] 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 to
the next processing step, e.g., determine if an overlay value is close to zero and CD is close to
a target valie.

B) To determine if a metrology measurement is nceded 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., a
product structure with many degrees of freedom. Furthermore, a process offset can be linked
with another, more precise metrology measurement {o determine by what this offset is likely

to have been caused for future comparison.
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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
performance nmeasures (such as overlay, CD, sidewall angle, etc.), b) by
conparing to a known process fault, or c) by correlating to process tool
data (e.g. sensor data of a process tool such as an alignnent wafer
quality (WQ where WQ is a neasure of the strength of a signal from an
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 ot with
a suspect die, and/or d) if the problem has occurred before, also
providing a cl gasishj ,cla&dvmgeaﬁhlb&unﬁawﬁbn anEiGEﬁB‘Z}tio’ﬁlsgt@xmsttdcrlﬁgsimetrOI ogy

data may incl ude_ ope [0 &by »
focus error, ngﬁ;rf)p?%)?z‘)&ﬁst 'f_llt dtn 1ov1de? an a%gigna faiﬂ (Ec%ecﬁ&h ?ecﬂﬁusn g&ﬁne p)?ﬂécess
tool data, whi aﬁhnaiseis,emw)medatdas glf ihastmttﬂ@éfg Santt@@leasurﬁdtb@%a\ﬁ?&t“WéP'V“’B‘Pg

addi tionally, ttl:%ns%ﬁ&t%h bf’&ar@&tp&%&% ndl g RredBYd éo@ﬁthﬁ@s&@r&ﬁtQﬁkedﬁis&xme

alignment data, |evel In? data of the substrate, %#y Xpo ureW ose or
applied radio fiWakleheplosdness SMI GHBYSTD THEVTT Hunany P csétf’sopre TR Be" (Eed in
any of a nUfTberall@libsN@eé%t1sA)subIteatﬂ@bxefoﬂﬂtﬁteughbutaBepaiz@@msg sits cammeﬁglednhq ar get

and a substrat gt\?(g?q{aan pmé{jlblll n;[coeasctk 2N aze 8%!.8%@%‘ bRk f§ PRane%s fle -

determne if a e T's "85 0 Zze seto a target
val ue. B) To detagemineter SIMI |nsees thel ibig positoasyrimrtiot rep@'ﬂ%‘éﬂééﬂeﬁt ONGBERE ni ne

the exact pr 0GR gL,foﬁlgﬁbglty &tﬂ&ésmﬁch%@e HNRSARSR ﬁﬁJ(YCIDTEﬁaf(v@Ji&Qb{ot
measur enent can resulting 1n a short eghput

or t
per substrat e) deAepon t POTgOMSAIEcH T 15 BraleneT ﬁ%"ét 1 Il‘f’ﬁn%h?fs}nd@‘f 'ﬂ‘foq’ef“ Bt whi ch

known met r ol 0g¥h an exposure system to prevent exposure of a faulty substrate, thus increasing the efficiency
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 patterns for magnetic domain meinories, flat-panel displays,
liquid-crystal displays (LCDs), thin film magnetic heads, etc. The skilled artisan will
appreciate that, in the context of such alternative applications, any use of the terms “wafer” or
“die’ herein may be considered as synonymous with the more general terms “substrate” o1
“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 toot 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 IC, so that the term substrate used herein may also refer to a substrate that already
contains multiple processed layers.
106062] Althougﬁ 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 in a
patterning device defines ihe 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



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 neasurenent 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. 1000601 A scatteroneter
SM sensor can neasure as many as fifty sites per substrate Wfaor_ al
substrates at 86 rpslyingtletopegnetivadiationsiseigheseire. oBeecatbiatisfghecadihes can be

nmeasured, the sztt@Hkn d@\ﬁ&l:eﬁgkb@a oﬁ)tro@b@pésisi e inha phttel 16 (1 @A&She Bkt adRNt age of
usi ng the back foca atteroneter SMI| sensor.is that it is

of c
posi ti on-i nvar {48! B‘F te’f"@pé&&taf'ﬂb ag‘{ sbﬁ?f‘i‘ upeheron neonpass a0 yegofy  { he

reproduci bi | i tylemi)mhgremrm&mwmenmdl@har@elequWaerdnaabn (. haning a@ERIanptage does
not depend On t out %Sl‘§§ g& %CW’/%?Y%OWJ apc?exﬁg?é l}lﬁ’l Q%I@UVﬁMdrauJ‘ngg
mechani sm can 21750 'Use 1IN’ an reve exposure of a
- faulty substrahemg@h@Sm@ﬁwﬂeaskmgﬂvhéﬂeﬂ&ﬁtwehﬁwm“6$°§m§y§ﬁEWﬂmT®@@@1l

Al t hough speC|a&£05§%§gence nay be made in this text to the use of

l'i t hographic F aratus in the manufacture of 1Cs, it should nder st ood
that the Iitho§PWphiee Eppaar téere H‘é§?ﬂ“i"b@@wﬁé‘?aé|"ﬂerr‘r‘h§)‘y RAVE 6 ‘B?“O”"

appl i cati ons, ﬁmshtﬂﬁs&m@nﬁmamﬁammur@dmimmameg&aﬁeanaphmg&hc syst ens,

gui dance and detection. pattern domai n menories, flat-panel

di spl ays, Ilqﬁmgmna FaP ﬁ“mo mm%pt d%§§&w%ﬁ in filmmgnetic heads, etc.
The skill ed ari090sainWwiild ﬂpem@mmi‘eéfmnleoftfhmtweﬂilw hetrebeerpdrs@ioed gova ifell be

al ternative appliGatd @f%he I%Mtldfl Sy BF phdlRed RePise tﬂ@ﬂfa@@csc%ed Idillw@zmpfaaﬁeel n may
be consi dered as synonynous Wt fv he nore general ternms "su strat(ﬁ,;1
y be

"target porti dhventiqnggydee F*\?é?lgﬁ.of FRUNRLRH BB SOHARBG 8@ PETHEFETH
pr oceslsed, beflﬁﬂ’cﬂn@feadaalfeti:%h ?@mmw;ealgmcm&rase}eamh gbode, tof adka (taageocﬁl t hat
typically app er of resis a ve 1 he
exposed 1 et oY e BIBgy PaRITEnARBR s P rebBes P B8 € 0Riet
appl i cabl e, t lpegcinsdrastiereinher ei n may be applied to such and ot her
substrate pr chﬁ)%%]nlglcﬁ&guﬁmns AﬁU&e%%Bten&eH?o b%lﬂ%ttl{tﬁf: %o{m')y' tiRe TREOe GR3Rd nore

t han once, for anpl e create a nmul | ayer, 1C, so that the
t erm substr at épﬁiseéblfo g § %‘i”ﬁd fﬁiﬂ)e aa1 t@*ﬁ modifigytiopggnay b§lﬂ§§‘% AR 28] r eady

described without departing from the scope of the claims set out below,
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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 pregsed:into a |ayer of resist supplied to the substrate whereupon
the resist 1s 16 cured by applying el ectromagnetic radi ati on, heat,
pressure, yWhatds Q9mnati on thereof. The patterning device is noved out of
the resist leaving a pattern in it after the resist is cured. [00063] The
terns "radiation” and "beanm used herein enconpass all types of

el ectromagneti g &@ﬂ%‘g?{pﬁ{g&rﬂh £P$ %y Hg%glﬁ,ggrgg %mé,gg&%r adi ation (e.g.
te, ' !

havi ng a }Navel \%n‘%filé%a i ) LéSF & 248, 1 57 f)r 12ﬁ nm ﬁnd
extreme ultra- =i g radiat ,on O ' elength ;n the
range of 5-20 'ﬁl ,W%\tén:g%? gn’%ﬁ‘lr?g? %hecsﬁ S%ﬁ%a%@g‘gég %Oggg\%%’n DEANE O

el ectron beans 4% %?Lra?‘l‘?élo?g a#‘%’r’i as g el Hom R a@Fegws, nay
refer to &gk Bsel RigneQ PrﬁlFtﬁ‘étPFqn of _varioqus t pfes,.of optical .conponents,
“i'ncl udi ng refr 43CREAE the erples: i‘l}‘é}m‘"ﬁﬁf@ﬁ@éi“ﬁﬁm“% 8 RS cd‘%ﬁ} a |
el ect r ost atbstratsped Eap PhsHpp AbHbSratan0Gessleirt 108 (8 h2RIFAIY BB d fent s of the
i nvent i on shaila tiead sehstretel trdity) ahp vambingtioq ofi(DHED; appreci ated that the

i nvention may hengpacg & dedgointbe wdiectcheadiation et | bed. For exanple, the

i nventi on may takeatidpethé oomtatd ehagapither faglt by cempatiogiile shange @rf&isBRE nor e
sequences mdtrold@clatanend eadabl e i nstructions describing a nethod as

di scl osed aboveend@iting adatificstioarodge: faniedi um (e. g. seni conductor nenory,
magneti c or optical disk) having such a conputer program stored therein.

[ 00066] The descriptions above are intended to be illustrative, not
limting. »Thus b tynefddlor QEimQ{)Qﬁér_@iﬁtthé QrRAfe Bkt IslcRdtddRdntthesdktratt ot _
nmodi ficati ?&ﬁmﬂﬁ%ﬁc ..made to the invention as described without departing
fromthe éjcope of the clains set out below 17 Cainms: Wuat is clained is:

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 1, wherein the existing metrology data comprises data
regarding previous performance measurements.

5. The method of claim 1, wherein the existing metrology data comprises a known
process fault.

6. The method of claim 1, wherein the existing metrology data comprises process
tool data.

7. The method of claim 1, wherein the existing metrology data comprises sensor
data.

8. The method of claim 1, wherein the existing metrology data comprises alignment
data.
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1. A nethod of nmeasuring a property of a substrate, conprising: creating a
structure on the substrate; illumnating 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, illumnating and detecting for (i) a plurality of
dies on a substrate, or (ii) a plurality of substrates in a single lot, or
(tii) 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 cor el at Mg niciRdHeBlain® 1| ShEdia AgeexMting nietdoigl dafayompripaiiéveting he change
to existing., Jfaldabagy. data; and generating a notification of the fault. 2.
The met hod of claim 1, wherein the structure that is created on the
substrate is a product structure. 3. The nmethod of claiml, wherein the

structure hat 4 s creat t ISstR10oS REGIBInE D BB@SUr enent
target st |'[El}'cturTltlalg’mz?.Eh ﬁgaﬁggh’o\gﬁ%%ﬂ??éa%x%ttﬁg \/\/ner0 n tﬁeh]lgxi sta?ﬁlg nmet r ol ogy
data conprREUHOSS  regarding previous perfornmance measurenents. 5. The

met hod of claim11, wherein the existing netrol ogy data conprises a known

process fault. 6. The thod of claiml1, wherein the existin tr ol ogy
dat a conplilses Tp¢ WQ@Q%?F@BW | ffpegein fhe eﬂﬁ%mﬁé’%%Sg)gﬁga@ICng‘fS%\RﬁE?déi n the
exi sting wetip SEGPpCABY ¥ conpri ses sensor data. 8. The method of claim1,
wherein the existing nmetrol ogy data conprises alignnent data. 18 9. The
met hod of claim1, wherein the existing netrology data conprises |eveling
dat a of tHhe. sulfat matted of OlairT hewleeih dlk ftectddapdiation ey Bnagerdatd. exi sti ng
nmet rol ogy data conprises applied

13. The method of claim 1, wherein the notification of the fault is in the form of an
alarm.

14. The method of claim 1, wherein the notification of the fauilt is in the form of an
alert to a detection system to carry out a larger number of in-depth measurements of a
suspected die on a substrate.

15. . The method of claim 1, further comprising preventing further processing of the
substrate that contains a die with a detected fault.

16.  The method of claim 1, further comprising providing a classification for a die,
substrate or lot where the fault has occurred previously.

17. The method of claim 1, wherein the structure on the substrate is a diffraction
grating.

18.  The method of claim 1, wherein the fault is in a process step in the processing of
the substrate.

19. The method of claim 1, wherein the fault is in alignment of the substrate.
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exposure dose. 11. The nethod of claim1, wherein the existing netrol ogy
data conprises applied radio frequency power. 12. The nmethod of claiml,
wherein the detected radiation is raw i nrage data. 13. The nmethod of claim
1, wherein the notification of the fault is in the formof an alarm 14.
The nethod of claim1, wherein the notification of the fault is in the form
of an alert to a detection systemto carry out a |arger nunber of in-depth
measurenents of a suspected die on a substrate. 15. The nethod of claim1,
further cogpri SinigspRE@EPpaAGS boifidiesd tpheass apepefty bhesubswiist r at e t hat
contains RofbAsiéth a detected fault. 16. The method of claim1, further

conpri sing proyigdichgr @orﬁ’ﬂ aRaitd Haad kRMatfod! redirélit€ frord UREhtatcdNY | ot where
the fault has., cgtlér a@ f&g bRtk Hede%e?:torThe met hod of claim1, wherein the

structure on t ‘Eoﬂ ufeddb HJnﬁSﬁé&ﬁn OlnAthé fHalrec]tgd radfABofBi@d of

cl gl [n 1t ‘M&%%%e ec%n %H lt1ﬁ'thae 559 gnégep in the processing of -the
substrate I I t of
t he substrate. nfgﬁ %Stenrllg%ne |on app Sgrs&'@%néiflaglﬁise %n(lglﬁlﬁgalsgpge 2 0

pr gper ty of adsubst r gtfe conprising: a det ector configured to detect
radi ation, redirecte roma str strat.e ack focal
pl ane of 2he déteHISBFCtion APRAPHIT c@’;} @Wgﬁrﬁ?’i tgﬁa Wt?rdsggﬂﬂlgfjfﬁdqg otfihge in
the redir ee¥ saegeasiaosEPoaag tythe deieriad mdaation and fhergatr % ault in the
subst r at e configired tagroritor achagae Bihe ByW EeAgedaarie grqe{)torm@r}lﬁog; auge Hhen a
fault is detredinoteldadiation. The | nspection apparatus of claim 20, wherein the
detector is configured to output raw inmage data corresponding to the
detected radiation and the control systemis configured to nonitor a
change in2the pamhogragitc sgiaemtusconfigietd toamemnictapropdrey aflaanbtraion  t he
redi r ect edompdiiag:i on.
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 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.

23.  The lithographic apparatus of claim 22, 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.

24. A lithographic cell configured to measure a property of a substrate, comprising:
a lithographic apparatus;
a substrate 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.

25.  The lithographic cell of claim 24, wherein the detector is configured to output raw
image data corresponding to the detected radiation and the control system is configured
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22. A lithographic apparatus configured to neasure a property of a
substrate, conprising: 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 froma 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
correlate the change with a fault in the substrate; and a notification

syst em cOpf gk chengdeah ieyra® ihi%%ﬂ! dash@rorderfi@tohitbrthe eipeinn@eredird@ed The

|'i t hogr aphigaappar atus of claim 22, wherein the detector is configured to
out put raw i mage data corresponding to the detected radiation and the
control systemis configured to nonitor a change in the raw image data in
order to nmonitor the change in the redirected radiation. 24. A
lithographic cell configured to neasure a property of a substrate,
conprising: a lithographic apparatus; 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 system
configured to nonitor 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 deternined. 25. The

l'i thographic cell of claim24, wherein the detector is configured to output
raw inmage data corresponding to the detected radiation and the control
systemis configured 20 to nonitor a change in the raw i mage data in order
to nmonitor the change in the redirected radiation. 21
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