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formation in the orthogonal direction, can be used to reduce noise, enhances accuracy and enables the application of machine learning
algorithms to further enhance accuracy. Signals may be analyzed slice-wise with respect to the orthogonal periodic structure, which
can be integrated in a process compatible manner in both imaging and scatterometry targets.
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ENHANCING METROLOGY TARGET INFORMATION CONTENT

CROSS REFERENCE TO RELATED APPLICATIONS
{0601} This application claims the benefit of ULS. Provisional Patent Application Na.
62/597.000 filed on December 12, 2017, which is incorporated herein by reference inils

entirety.

BACKGROUND OF THE INVENTION
[ TECHNICAL FIELD
{8002} The presert invention relates to the fleld of semiconductor metrology, and nwre

particularly, fo target designs and measurement niethods.

2o DISCUSSION OF RELATED ART

{B003] Semiconductor metrology mmcludes several field imaging techmques such ag
optically based methods 1o either the ficld conjugate plane {c.g.. imaging) or the pupil
conjugate plane {e.g. scalierometry), as well scanning clectron microscopy (SEM)
methods. Traditionally, when designing targets for these metrologies the goal is to make
the signal across the target uniform in order to average out noise during the measwrement.
in this method some information that can iaprove the metrology quality is filtered out.
0004} It was suggested to use measurements of multiple targets andfor multple
measprement conditions on the same target to extract more information, for example in
LS, Patent No. 8913237, incorporated herein by reference m its entirety. In ULS. Patest
Application No. 18442111, iocorporated hersin by refercnce in Hs entivety, ¥ was
suggested to design patterns in hthogeaphy steps that do not have parameters of interest for
the current metrology measurement, for example by modifyving the phase of the Light
{which s known to have big influence in optical metrology). The suggested phase

modulation was under the same uniformity constraint as discussed shove,
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SUMMARY OF THE INVENTION

[0005] The following is a simplified summary providing an initial understanding of the
invention. The summary does not necessarily identify key elements nor limits the scope of
the invention, but merely serves as an infroduction to the following description.

{3008} One aspect of the present invention provides a metrology measurement method
comprising measuring a metrology target, which comprises at least two periedic structures
in at feast one measurament divection - at an orthogonal divection with respect to a third
perindic structure orthogonal to the respective measurement direction,

{0007} These, additional, andfor other aspects and/or advantages of the present invention
ave set forth in the detailed desoription whicly follows; possibly inferable from the detailed

description; snalor learnable by practice of the present invention,

BRIEF DESCRIFTION OF THE DRAWINGS
{8008} For a better understanding of embodiments of the Invention and to show how the
same may be carvied into effect, veference will now be made, purely by way of example,
to the accompanying drawings 1w which like numerals designate corresponding elements
or sections throughout.
{0609] In the accompanying deawings:
{B010] Figure 1is a high-level schematic iHustration of metrology targets, signals derived
therefrom and their uses, accprding o some embodiments of the invention,
{0011} Figure 2 is a high-level schematic ilustration of an example forimaging metrology
targets, aceording to soms embodiments of the nvention,
{0012] Figures 3A and 3B Hlustrate schematically the derivation of signad slices and
provide a schamatic example for adjusting measnrements using the signal stices, according
{0 some embodiments of the invention.
[G013] Figure 4 is a high-level schematic illostration of examples for one cell of
scatterometry metrology targets, according to some embodiments of the invention,
[B814] Figure 5 i 3 high-devel schematic dhstration of symmetric and asymmetric
scatterometry  metrology  targels, with corresponding  signals, according to somg

embodiments of the mvention.
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{B015] Figure 6 is 3 high-lovel schematic Hustration of process compatible designs for
periodic structures of metrology targets, according to some ambodiments of the mvention,
{0016} Figure 7 is a high-level flowchart illustrating a method, according to some
embodiments of the mvention,

{817] Figure 8A illusirates a high-level schematic lustration of a metrology system,
according to some embodiments of the invention.

{0018} Figure 8B ilhusirates a high-level schematic iHlustration of an optical metrology
sub-systeny of the metrology system, according to some embodiments of the invention.
{0019] Figure 8C tHustrates a high-level schematic ustration of particle-beam metrology

sub-system of the metrology system, according to some embodiments of the invention,

DETAILED DESCRIPTION OF THE INVENTION

{0620} In the following deseription, varions aspects of the present imvention dre described
For purposes of explanation, specific configurations and detatls are set forth in ovder to
provide a thorough wnderstanding of the present invention. However, it will also be
apparent to one skilled 1n the art that the present wvention may be practiced without the
specific details presented herein. Furthermore, well known features may have been omitted
or simplitied m order not to obscure the present mvention. With spectfic reference to the
drawings, it is stressed that the particulars shown are by way of example and for purposes
of Hlustrative discussion of the present invention only, and are presented n the cause of
providing what s believed to be the most usetul and readily understood description of the
principles and conceptual aspeets of the mvention. In this regard, no attenpt is made to
show structural details of the invention In more detai thag is necessary for a fundamental
understanding of the invention, the deseription taken with the drawings making apparent
io those skilled 1o the art how the several forms of the invention may bhe embodied in
practice.

{0621} Betore af least one embodiment of the invention is explained in detail, it 15 to be
understood that the invention 18 nof Bmited in its application to the detaily of comstroction
and the arrangement of the components set forth in the Bllowing description or ilustrated
in the drawings. The invention is applicable to other embodiments that may be practiced

or carried owt in various ways as well as to combmations of the disclosed embodiments.
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Alse, it is to be understoed that the phraseology and terminslogy employed hersin are for
the purpose of description and should pot be regarded gs hmiting,

022} Unless specifically stated otherwise, as apparent from the following discussions, it
is appreciated that throughount the specification discussions utilizing terms such as
"orocessing”, "computing”, “celeulating”, "determining”, “enhancing”, “deriving” or the
tike, refer to the action andfor processes of a computer or computing system, or similar
electronie computing device, that menipolates andior transtorms data represented as
physical, such as electronic, guantities within the computing system's registers andior
memories into other data similardy represented as physical guantities within the computing
system's memories, registers or other such information stovage, transmission or display
devices. In certain embodiments, Hlumination technology may comprise, electromagnetic
radiation in the visual range, ulfraviolet or even shorter wave radiation such as X rays, and
possibly even particle beams.

{8023] Metrology targets designs, design methods and measnrement methods are provided,
which reduce notse and enhance meassurement accuracy. Disclosed targets comprise an
additional pertodic structure which 1s orthogonal to the measurement direction along which
given target structures are periodic. For example, in addition (o tvo or more periodic
structures along cach measurcment direction in Imaging or scatizrometey targets, 2 third,
orthogonal periodic structure may be introduced, which provides additional information in
the orthogonal dircction, can be used o reduce noise, enhances aecuracy and enables the
application of machine learming algorithms to frther sobance gecuracy. Signals may be
analyzed shice-wise with respect to the orthogonal periedic structure, which can be
integrated in a process compatible manner iy both imaging and scatierometry targets.
j[0024] Advantageously, disclosed targets and methods overcome prior art metrology
difficulties to break the corvelation between grating asywmetry and overlay, which reduces
acewracy. The induced designated spatial variations of the disclosed target designs help
impr(we the noise filtering, and the additional information may be mterpreted based on
theoretical models o further improve the messurement accuracy and the process

robusiness,
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{B025] Figure 1 is 2 high-level schematic Hhustration of metrology targets 100, signals 102
derived therefrom and their tges, according to some embodiments of the invention, Targets
uses are further described 1 method 200 Hustrated in Figure 7.

{0626} Metrology targets 106 may comprise, In addition to at least two perindic structures
118, 128 in at least one measurement direction (denoted “X™ in Figure 1}, one or morg
third periodic structure 130 which is orthegonal {denoted Y™ in Figure 1) to the respective
measurement direction “X, In certain erabodiments, pertodic structore 1380 may be set at
an angle to measwrement direction X, e.g., be obligue at an angle different from 90°, e.g.,
457, orpossibly any of 10°, 20°, 307, 307, 60°, 70°, 807 or infermediate values with respeet
to measwement divection X, In certain embodiments, metrology targets 108 may be
conligured as imaging targels, e.g., having at least two pairs of pertodic structures, at least
one pair thereo! along each of two measurement directions, andfor as scatierometry targets,

e.g., having at least two pairs of periodic structires one above the other or side-by-side

alopg each measurenent direction, with periodic stractures of each pair having opposite
itentional offsats. Examples for imaging targets comprise AIM (advances imaging
metrology ) targets, modified as disclosed herein by additional periodic structures 136, For
example, AIM targets disclosed o US. Patents Nos. 7068833 and 9,709,903,
mcorporated herein by reference in their entivety, may be modified ag disclosed herein to
vield examples of targets 106

{0027} Signals 102 from one of periadic structures 118, 120 with respect 1o third periodic
structure{sy 138, winch may be derived with respect to the position of third pertodie
structure 130 in the lavered stack and the order of layers 116, 128, 130 - may beused to
reduce noise associate with regpective one of periodic sttuctares 118, 120 and/or to
improve the sccuracy of metrelogy measurements concerning periodic structures 1180, 128,
as explained below, eig., by enabling shice-wise analysis of signgls 102 with respect fo
stices 104 defined by to third periodic structure(s) 138, Por example, signal components of
shices 104 may be gveraged 136 1o reduce noise or improve accuracy (see also stage 230 of
method 208, below), andfor signal components of shices 184 may be selected 137 for
measurements, within a single measurcment 138 anddor with respect to different
measprements 139, c.g., relating to different targets, walers, lots and/or batches — as

g

explained in detail below,
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{028} Third periodic strugtured{s) 138 may be configured in various ways, eg., have a
single pitch and g single CD (critical dimension), have a varigble CD, have a non-uniform
spatial extent with respect to periodie structures THY, 120 and be positioned at one or more
process layers, and involve one or mors process steps, as shown below,
{3829} Disclosed target configurations may he applied to imaging targets A andior to
catterometry targets 1008, in different confligurations, such as with respect o periodic
structures 118, 128 positioned side by side andf/or pertodic structores 11, 120 positioned
at least partly on top of each other, The extent of third periodic structure(s) 138 may span
one or hoth perfodic straetures 110, 126, and/or parts thereofl
{030} 1n cortain embodiments, disclosed targets 100 hmprove signal o noise ratio,
metrology accuracy and/or metrology robusiness 1o process variations, as disclosed below,
and are apphoable to optical unaging, optical scatterometry (using either field and pupil
conjugate planes) and tmaging using clectron beam. Examples are provided for application
in maging and scalterometry meirology (in both field and pupil planes), as well as
glectron beam imaging.
10031} In certain embodiments, signal to noise ratio improvement may be achieved 1w the
following way, using inaging metrology as a non-limiting example. The grating signal as
a function of {field conjugate) location in imaging overlay targetls comprising periodic
stroctures 110, 128 in direction “X” may be approximated by Equation 1, with S
reprosenting the periedic signal along the grating divection X, Sp{x} = Sp{x + P), with P
heing the pitch of the periodic structures 110,128, and f reprosenting variations aeross the

farget,

S0, v) = 8,3 (x.v) Eqguation 1

{0032] These variations denoted as f{x, ) in Equation 1 are considered as noise and
therefore are, in the pror art, wsually averasged ount, for example by avergging the signal
over in the y dircction.

{0033} In certain embodiments, one or more additionsl Cthard™) pertodic structure(s) 136
may be itroduced in a separate Hthography step to improve the signal (o noise ralio by
measwing one {or more) of layvers 110, 120 with respeet thereto. Additional (Mihied™)
periodic structare(s) 130 may be describe using 3 function denoted by £{x, ¥) which may

be used for notse redoction purposes (g, in a noise reduction step of the metrology
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algorithm), e, by comparing or fitting the raw signal (described by Equation 1) to the
known f{x,y) and keeping only the portion of the signal that is described by it.

{0034} Figure 2 1s a high-level schematic iflustration of an example for imaging metrology
target 106A, according to some embodiments of the invention. Figure 2 iHustrates
schematically side {cross section) and top views of tarpels lavers 181 (Mprevious™ target
structore 120 within layer matenial 983 and 102 (Pourrent”™) with mirodaced layer 138 ~ in

single target cells, az well as a top view of full target 180A, which includes fowr cells, two

1

in each megsurement direction, In the Hlustrated example, additional layer 138,
characterized by f{x,¥), comprises a periodic structure along direction “Y™ which is
orthogonal to measarement direction “X” of perodic structures 110, 120, It is noted that
i full tavget 1004, twvo cells have the measarement divection X7, while two other cells
are used for measurements in the orthogonal direction (for which pertodic structures 118,
128 are in measurement direction Y™ while additiona] pertedic structure 130 is orthogonal
thereto and is periodic in direction “X"},

{0035] In certain cmbodiments, the signal processing may be camried out by fitting the
signal in the orthogonal divection {e.g., “Y™) for any given location x¢ to a Fourier series
{or any other perindic function), and keeping only the modeled part, as expressed in
Equation 2, with Py denoting the periodicity along the Y direction {of added periodic

structure 1380 and g, (%0}, @, {xq) denoted the (it parameters.

$0xp, ¥} = Fiep Galxg)cos (‘gﬁy + Pn {Xu)) Eguation 2
{036} In certam embodiments, data processing may comprise averaging all the signal
slices which have the same signal, 8¢ expressed in Equation 3, c.g., to simplify the noise
averaging step by fitting the signal after the averaging, or by using the averaging itself to
provide noise-reduction data.
S{xg y) = ;};E:ﬁ;é Sxg +mP,y) Equstion 3

{0037] lu certain embodiments, mmproved metrology accuracy may be achieved in the
following way, using imaging metrology as a non-limiting example.

{0038} Additional (“third™) periodic structure(s) 138 muay further be used to enhance
contrast andéor redoce inacawracy by providing stices 184 of the signal, and applying

corresponding  computational techniques to the slices. Figures 3A and 3B iflustrate
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schematically the derivation of signal shices 104 and provide a schematic example for
adjusting measurcments using signal shices 104, according to some embodiments of the
invention. For example, shices 184 may be defined with respect to one or more elements
132 of periodic structure 138, .., include signal related © one or more elements 132, with
or without parts of their surroundings, and with respect 1o either periodic structures 118,
128,

{0039] Due to the physies of the overlay measurements, the measarement properiies sach
as contrast and inaccuracy depend on the exact combination of stack properties and
measwemenl conditions. For example, in the presence of a single asymmetry source, the
measwred grating center may be eapressed as w Equation 4, with the terms stack and
measurement representing the specific stack parameters and measurement conditions,
respectively; € denoting the geometrical center (neglecting geometrical ambiguityh dgey
denoting the asymmetry amplitude {for example - the side wall angle asynmmetry, SWA, in
degrees) and 7 denoting the metrology response fo this asvounelry under the specific
measurement conditions and stack, which represents the mduced macouracy, g n
wddegree for the SWA example.

Center{stack, measurement) = £+ Ay, - nistack, measurement) Equatien 4
{0040} Targets 108, having additional (“third™) periedic structure(s) 130, may be divided
into slices 104 with different v values {coresponding e.g., to clements of periodic
structure(s) 138). The cenmter of cach slice 104 may be calculsted independently ax
expressed in Equation §, e.g., using Equation 4 and the expression for the signal from

Equation 2 above for each stice 184 (b, (), $,, (v} denoting the fit parameters).

f"J 3 -
Center(y) = € + A (y) Bmwp b {y)cos (;j my -+ $, (}9)) Eguation §
iy

{6041} The inventors note that in sypumetric targets (lacking asvnunetry) the centers of
different slices are equal, and in asymumetric targets (with some asymmetry) the mdueed
variation ju the stices may be proportional to the asymmetry amplitude. Moreover, since
both the variations in the slice center {expressed by Equation 5) and the contrast (derived
from Equation 3) depend on y — plotting £ ve. I can provide information regarding the
optimal accuracy, as demonstrated in Figure 3B, Figure 3B illustrates a schematic

example for adjusting measurements using signal shices 104, the plot relates the inaccuracy
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in ithe geometrical center of slices 14 (Center(y) —~ £), to the contrast, 7, under two
measurement conditions (e.g., differont wavelengths, different walkers, different focus
positions ofe, As ilustiated schematically i Figrae 3B, different slices 164 vary in the
guality of measurement derived from them, and 1t 15 possible to identily shices 184 which
provide better nicasurements than other {e.g., shices 104 denoted as optimal, with minimal
naceuracy and maxunal contrast), and hence to optimize measorements using slice
selection. Either oue or several slices 104 may be selected to provide the measurements,
Moreover, the clogr relation between insccuracy and contrast further indicates that

o

disclosed optimization is feasible under a range of measurement parameters, such a

w

wavelengths, focus positions, walers, cle.

{8042} For example, additional information may be extracted from the focus dependency
or specific harmonic components of each of the messwrement parameters. In the
erminology of Equatien 2, the hanmonic components are provided by combinations of
{a, (xp )} and {2, {xp )], For example, focus way be calibrated using disclosed analysis of
slice signals. The optimization, as ilustrated in Figure 3B may be mubi-dimensional, e,
in addition to the inaccuwracy and contrast parameters, also focus or other parameters may
be used to derive the dependency of slice-related measurements theret,

0843} In certain embodiments, machine learning algorithms may be applhied to signals
derived from targets 108 to wiilize the additional information provided thereby with respeet
to prior art tovgets. Machine learning slgorithms may be wsed to traprove accuracy andfor
reduce noise using by, e.g., averaging along the v axis to derive a two-dimensional signal
{instead of prior art one dimensional kernel), on which vartous algorithmic approaches,
such as PCA (Principal Component Analysis), Fourier analysis or other approaches may
be applied ~ 1o derive # basis for analyzing future signals, for applying newral networks,
finear regresston or other technigques, for applying learning algorithms ete.

{0044} The inventors note that using periodic structore(s) 138 which are orthogonal to
target periodic structures 118, 1280 provides de-coupling of asymmelric process effects on
periodic structure 138 from asymumetric process effects on periodic structures 118, 120, as
itlustrated in Equation &,

{B045] In cerain embodiments, the optimal slice may be derived, s, per target, die,

wafer, lot or batch —e.g., o improve accuraey andfor to enhance the metrology robustness
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to process variations. The signals related to the different slices muay be considered as
perturbations with respect to the signal of the optimal shice, when the corresponding signals
are close to the optivaal signal but are shightly modificd due to small variations in the stack
praperties, The optimal shice may be found or selected during the recipe setup with the
nominal stack. Puring measwrement of different wafers, the stack properties may change
and affect the optimal slice position within the target, e.g., the new optimal slice may have
a different y value with respect to pertodie structure 138, This posttion change may be
identified by studying the relation between the metrology properties of the optimal slice
and the other shices, Since it 1s assumed that the variations are small, the new optimal slice
may have similar metrology properties with respect to the other slices as demonstrated in
Figure 3B in the gradually changing contrast and maccuracy of the slices”™ measurements,
and as explained sbove. In certain embodiments, o or move mudtidimensional curves
may be fitted or interpolated in order to aveld using value(s) from a single slice and thereby
reducing the associated nojse. In certain embodiments, further signal to noise ratio
impravenent may be achiovad as disclosed below, using scatterometry metralogy a8 a nons
hmiting example.

[0046] Figure 4 is a high-level schematic illustration of examples for one cell of
seatterometry metrology target 1008, according 1o some embodiments of the invention.
The second cell of scatterometry metrology target 1408 may be designed similarly to the
tHustrated cell and have a different intended offset bebween the periodic structures {oug.,
+fo and ~fo tor the two cells). Figare 4 tllustrates schematically side {oross section) and top
views of the cell of target 180 having a grating-over-grating confignration of {parallel and
overlapping) periodic structures 1164, 128 and introduced additional layer 130, as well as
top views of six options of full target design 1008, which differ in the arangement of
adiditional layer 138 in target 106B.  Full target 108B may comprises two cells with
opposite offsets (see below) per measurement direction, snd include one or two
measwrement directions with corresponding  changes m the periodicity directions of
siractures 110, 120 and 138,

18047} 1o certain embodiments of scatterometry, the collected signal in a field conjugate
plane is composed of either the plus Hirst or minus first ditfraction order of radiation

diffracted from target 1008, Metrology metrics, such as the overlay, may be calculated for

0



WO 2019/118039 PCT/US2018/052333

sach field {ocation by pairing the signals with respective signals from the maiched locations
of the opposite order. The mtreduction of third, perpendicular, pertodic structure 138 in
farget 1008 causes modification of the raw ditfracted signal {as the effective stack is
maodified}, and can be described as expressed in Equation 6, with A denoting the x offset
hetween the twi parallel gratings (periodic structures 110, 1283, }'M {A) denoting the avernpe
signal of the plus/minus first diffraction order, respectively, and f{y) describing the
variance induced by the additional structare (periodic stracture 1360,
L (v ) = LAY O Equation 6

{8048 For periodic stractwre 138, periodic with pitch £, along direction Y which
orthogonal to measurement dircction X, the signal is penodic and may be oxpressed as
Equation 7.

Fon = fy+P8) Egquatien?
{3049 The overlay, OVL, may be calenlated using signal measurements of two target cells
with indoced offsets of corresponding target clements {e.g., grating barg) with respect fo
each other of 2. The OVL, marked by ¢, may be denved from Equation 8, for each pixel
in the captured mage, for example using hnear approximation,
Loyme+ i)~ Lome+ )+ LOoye—~ ) - LOGy e~ )
Llx,petfo) i ayme+ o)~ L ywe—fa+ L xyme—fy)

Equation 8

OVLOv) = £

[0058] Eqguation 9 Hlustrates the use of Equation 6 in Equation 8, where OV1L does not

depend on x coordinate, and Equation 18 provides a simplified expression of Equation 9.

- o RO~ lee o f O+l le= R Fn =1 {e=fo) Fiv)
OVEL(x,y) = f i -~ : - :
G y) = f Lp{e+ fod F Oy d-Ta(e+ fol (- Rile—fod i (irla{e~fod f ()

Equation 9

OVL(x,y) = f, Lo (et fo )= (e+ fo )+l Lo~ fo )T (&= )

- s ottt - Eguation 16
R R e A 0 B E-5 5 AN AT RE C1) L 5 IR S 1Y 4

{51 Equation 10 Hlustrates that if the pixels are paired properly, the resulting OVL

should not be affected by additional layer(s) 138 i the orthogenal direction, since cach

i1
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pair of pixels 18 normalized mdependently (Just as difforent targets may have different raw
signals),

[052] The inventors Turther note that moreover, additional laver{s) 138 may be used to
dertve a new method for coordinates calibration (camera vs. beam axes). For exampls,
various parameters relating to the optical paths in the metrology system may be derived
from analyzing signal from periodic structure{s) 138, for example filter size calibration
may be carried out using these measorements to compensate for possible optical
aberrations or periodic effects. Possibly, shice signal analysis may be applied for optical
path calibration.

[B0S3] Returning to Figure 4, a range of designs for additional “third” periedic structure
138 ave presented in a non-Hmiting manner, such as monotoneally changing CD {denoted
as option 1}, uniform CD (denoted as option 2), penodically changing CD (denoted as
aption 3), different spatial extents of any of these options, sach as full extension in the X
direction and partial extension in the Y direction {denoted as option 4), partial extension in
hoth X and Y directions (denoted as option 5) and different CDs in different X and Y ranges
{denoted as option 6) ~ or any combination of these options. Measwrements and
corresponding algorithms may be adapted according to the extension and parameters of
periodio structure(s) 130, In cortain embodiments, additional “third™ periodic structure(s)
138 may be periodic in a direction which is not orthogonal to the measurement direction.
{0034} Figure § is a high-level schematic lustration of symmetric and asymmetric
seatteromelry metrology targets 1008, with corresponding signals, according to some
embodiments of the invention. Figare 8 provides side {eross section} views, tap views and
the feld OVL signals corresponding to symmetric and asymmetric scatterometry targets
100B, the latter exhibiting SWA 1158 as a non-limiting example for asymmetry. The signals
porrespond 1o Equation 18 for the symmettic case and fo Equation 4 for the asymmetric
case.

[O055] t is noted that Eguation 18 holds for ideal symmetric targets 1008, In case
asymmetries are present, as illustrated schematically in Figare 5, the OVL (135B}) has
spatial dependencies {other than OVL 1358A for synunetric target 100B), since the
tnaccuracy depends on the stack properties, as expressed in Equation 4. Accordingly, the

methods to maprove the signal to noise ratio, the measurement accwracy and the process
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robustness which were disclosed above concerning imaging targets 1004, are similarly
applicable to scatterometry targets 1008,

{00561 In certain embodiments of scatteromelry, the collected signal is in a pupi corgugate
plane and the spatial information is convolnted. In certain embodiments, simglar
mformation as discussed shove may be recovered by megsuring the signal in several
different locations within target 1088, and extracting the metrology metric {(e.g.. overlay)
with enhanced accuracy from the muoliple measurements. For example, in pupl
scatterometry, multiple signal relating to one or more sbice(s) 184 {or periodic structure
130) mway be derived by carrying out mulliple measurements of the water with respect to
multiple locations at the feld plane,

{0037] Alternatively or complementdarily, information from orthogonal pertodic structure
138 may be used as taught in US, Patent Application No. 15159009, incorporated herein
by reference in Hs entivety. For example, single cell measurements taught by U.S, Patent
Application No. 13139009 may be augmented by measwrements from additional
orthogonal periedic structure(s) 130 added to single cell designs desceribed by ULS. Patent
Application No. 15/159,009 (see ¢.g., paragraphs 148, 149 and 153-155 therein) - and these
are likewise considered part of the curvent disclosure.

{0058] In any of the disclosed cmbodiments, additional “third” periodic structure 130 may
be produced i a process compatible manner, Figare 6 is a high-lovel schematic Hostration
of process compatible designs for periodic structure 136 of metrology fargets 108,
accordmyg to some embodiments of the invention. For example, the duty cycle of pertodie
structure 130 may be adjusted by changing the CD of elements 132 of periodic stracture
138 as ilusirated in vartation 130A, or the duty cycele of periodic structure 130 may be
adjusted in 3 process-compatible manner by maintaining a uniform CD of sub-elements
132A and applying 8 oot mask 140 with varying cot CD o vield {composiie) elements 132
of pertodic steuctare 138, which have a vartable composite CID {eCIY, as illustated in
variation 130B. Sub-clements 132A may have smaller CD and smaller piteh than clements
132 ilhastrated 1 variation 1304, to render theny process compatible. Segmentation to sub-
glements 132A may be applied o any of the cmbodiments presented above, Disclosed
designs may be applied, e.g., in electron beam imaging o enhance process compatibility

of targets 108,
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{0059} Advantageously, disclosed embodiments may use one or more additional
Lithography step(s) to generate strocture(s) with known spatial variahility, By ftting the
measured signal to the known spatial signature, the metrology signal quality may be
improved by remwving noise that does oot behave as the known stracture; the metrology
acepracy may be improved by using the spatial grating center andfor overlay distribution
to remnove inaccuracy; the messurement conditions nay be optimized with respect to
measprements of sigoals from periodic structures 130 and 118 and/or 120, as well as from
measurements of periodic structure 130 by itselfl process monitering and metrology
robustness may be enhanced. In certain embodiments, machine learning algorithns, which
are enabled by the richer signal provided by using peciodic structures 138 oy be used to
torther enhance aceuracy and robustoess. Disclosed embodiments are applicable to optical
imaging, optical scatterometry {using both field and pupil conjugate planes) as well a3
imaging using lumination radigtion or particles (X ray, particle beams). Disclosed
embodiments may be designed to be process compatible, e.g., using multiple lithography
steps as disclosed above.

{0060} Figure 7 is a hagh-level Howchart illusirating a method 206, according to some
embodiments of the invention. The method stages may be carried out with respect to targets
106 deseribed ahove, which may optionally be configwred o mmplement methed 206,
Method 208 may be at least partially implemented by at least one computer processor, e.¢.,

i a metrology module. Certain embodiments comprise computer program products

comprizing 8 compoter readable storage mediam having computer veadable program
embodied therewith and configored to carry out the relevant stages of method 200, Certain

embodiments comprise target design files of respective targets designed by ernbodiments
of method 208, Method 288 may comprise the following stages, irrespective of their ovder.
[6061] Meihod 280 may compuse a metrology measurgment method  comprising
measuring a metrology tavget, which comprises at least two pertodic structures o at least
one measnrement direction ~ gt an orthogonal direction {stage 218) with respect 1o a third
periodic stracture orthogonal to the respective measurement direction {stage 218). Certain
embodiments comprise metrology measurements derived by the metrology measurement

method.
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{8062} Method 200 may comprize a metrology target design method comprising adding an

2N,

additional {“third™} periodic strocture into a target design comprising at least two periopdic
structures i at least one measwrement direction, wherein the third periodic sivocture is
orthegonal o the respective measurement direction (stage 228). The target design may be
of an imaging tavget fe.g., AIM < advanced imaging metrology target) or of a scatierometey
target, and method 200 may further comprise designing the third periedic structure to
gomprise at least one oft a uniform CD (oritical dimension), a monotonic changing CD, 8
periodicatly monotonic changing CD, and twe or more pertodic sub-structures, as disclosed
above. In certain embodiments, the third periodic structure may be periodic in a direction
which is not orthogonal (v.g., obligue) to the mcaswrement divection. Method 200 may
further comprise designing the third periedic structure 1o be process compatible (stage
228), e.g., using at least one of? segmentation of elements of the third periodic structure,
untferm CD of segments of clements of the third periodic stroeture, application of a cut
mask with wniform or variable UD - as disclosed above. Certain emabodiments comprise
target design files of targets dosigned according 1o the nistrology target design method as
well as metrology measurements of targels designed according to the metrology target
design method.

{0063] Mothod 200 may further comprise reducing noise in a signal denved by measuring
218, 215 - by identifying and removing a signal component related to the third perindic
structure {stage 238), o.g. by averaging the measarement over shices defined by the third
pertodic structore (stage 238), e.g., using Eguation 3.

{0064} Method 288 may further comprise derving multiple slices from a sipgnal derived by
the measuring, the shces corresponding to properties {e.g., a periodicityy of the third,
orthogonal periodic structure (stage 240), o.g., using Equation 5. Method 200 may furthe
comprise averaging the multiple shices to vield 8 metrology signal (stage 242), In certain
embodiments, method 200 may huther »;:Qmpri% selecting an optimal shice sigual by
comparing the multiple shoes with respect to at Ieast one accuracy parameter and possibly
reiterating the selection for comsecntive targets, wafers and/or batches (stage 245) andfor
improving metrology robustness by tracking the spatial behavior and the optimal slice
{stage 247).
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{80651 Method 200 may further comprise calibrating measurement coordinates using the
third periodic structure by comparing camera and beam axes (stage 258,

[G666] Method 200 may huther comprise deriving focus information andfor harmonic
components of a signal measured from the third pertedic structure (stage 252,

{0867] Method 200 may further comprise applying maching learning algorithms to analyze
a signal measuwred from the thisd periodic structure and derive information from data
associated with the orthogonal direction (stage 254).

[68] Method 208 may be applied o imaging or scatterometry metrology and targets,
When applied to imaging metralogy and targels, method 200 may further comprise using
Equation 2 {o derive &t last one metrology metric from the measurement. When applied
to field plane scatterometry metrology and targets, method 200 may further conprise using
Equation 18 {o derive af least one metrology metric from the measurement. When applied
to pupi! plane scatierometry metrology and targets, method 200 may further comprise
carrying out the measuring in several different locations within the target and exfracting a
metrology metric with enhanced accuracy from the multiple measurements.

{0069 The additional orthogonal (“third™) pentodic structure may comprise at least one oft
a uniform CI (critical dimension), a monotonie changing OD, & periodically monotonic

changing CD, and two or more periodic sub-structures.

[0070] FIGS. RA-SC iHustrates a metrology system 800, in accordance with one or more
enabodiments of the present disclosure. The wetrology systemy 880 miay be configured fo
carry out any of the varous embodiments deseribed previously heretn and may measw
metrology parameters from any of the vatious metrology targets described herein, In one
embadiment, the overlay metralogy system 800 includes 3 metrology sub-system 802, or
tool, suitable for generating overlay measorements andfor eritical dimension measnrements
based on optically-resodvable features. In another emibodiment, the sample 804 is disposed
on a sample stage 806,

{8871} In another embodiment, the metrology system 808 ineludey a controller 808, The
controller 808 may include one or more processors 810 configured © exceute program
instructions maintained on a memory medium 312, 1o this regard, the one or more

pracessors 810 of controller 808 may execute any of the various process steps described

15



WO 2019/118039 PCT/US2018/052333

throughout the present disclosure. For example, the controlier 808 may recetve data from
any of the optical metrology sub-gystem B02s and may generate overday correctables based
on data from the optical metrology tool RG2.
{0072} Further, the controller SO0¥ may be communicatively coupled to one or more
seniconductor process or fabrication tools 813 such as, but not Himited to, a lithography
tool. In this regard, the controller SOX may utilize the various cutputs described previous
herein to make adjustments to the process tool configuration, which in twn pecforms
adjustments on one or more semiconductor wafers being fabricated on the fubrication line.
For example, the controller $08 may operale a5 a process controller suitable for controlling
the nputs of the process tool to maintain overlay in semiconductor devices fabwication on
a fabrication line within selected overlay tolerances. The overlay correctables may be
provided as part of a feedback andfor a feedforward condrol Ioop. In one embodiment, the
overlay moeaswroments assoctated with a cugrent process step measured on a sample are
ed to compensate for doifls of one or more fabrication processes and may thus maintain
overlay within selected tolerances across multiple exposures on subsequent samples i the

same or dilferent {ots, In another embodiment, the overlay measurements associated with

a current process step may be fed-forward to adjust subsequent process steps to compensate
for any measured overlay errors. For example, the exposure of patterns on subsequent
layers may be adjusted to mateh the measured overlay of the subsequent layers. In another
entbadinent, overlay measurements of @ curvent process step niay be fed-backward 1o the
metrology system ROO itself to bmprove or enhance the metrology process on subseguent
layers,

[0673] The one or more processors 810 of & controlier K08 may include any processing
clement known 1n the art. In this sense, the one or more processors 810 may melnde any
microprocessor-type device configured to execute slgorithms andior instructions. In one
embodiment, the one or more processors 810 may consist of a deskiop computer,
mainframe computer system, workstation, image computer, parallel processor, or any other
compugter system {e.g., networked computer) configured to execute a program configiwed
to operate the everlay mwetrology system 800, as desoribed throughout the present
disclosure, It is further recognized that the term “processor™ may be broadly defined to

encompass any device having one or more processing elements, which execute program
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instructions from a non-transttory memeory medium 812, Fuarther, the steps described
throughout the present disclosure may be carried out by a single controfler 808 or,
alternatively, multiple controllers.  Additionally, the controller 808 may inclade one or
more confrollers housed in a common housing or within multiple housings. In this way,
agy controller or combination of controflers may be separately packaged as a module

suitable for integration into overlay metrelogy system 804

{3074} The memory medinm 812 may include any storage medinm known in the art
suitable for storing progratn instructions execotable by the associated one or more
provessors 110, For example, the memory medivm 812 may include a non-fransitory
memory medivm, By way of another example, the memory medium 812 may include, bt
1 not hmided to, 4 read-only memory, a random access momory, 4 magnetic or optical
memoery device (e, disk), 8 magnetic tape, a solid state drive, and the like, It is further
noted that memory medium 812 may be housed in @ common controtler housing with the
one or more processors #10. In one embodiment, the memory medinm 812 may be Iocated
remotely with respeet to the physical location of the one or more processors 810 and
controller 808, For instance, the one or more processors 810 of controller 808 may aceess
@ remote memory (e.g., server), accessible through a network (e, internet, intranet, and
the like}. Therefore, the above description should not be interpreted as a Hmitation on the

present invention but merely an illustration,

{8075 Referring now to FIG. &8, in one embodiment, the metrology system 800 meludes
ars optical wetrology subssystem 802a. The optical metrology sub-system 8024, or tool,
may include any type of optival overlay metrology toel known in the art suitable for
generating overlay daty associated with two or more layers of a sample such as, but not
Iited 1o, an umage-based optical metrology tool or a scatterometry-based optical

metrotogy tool.

{8076} In one embodiment, the optical metrology sub-system 8022 includes an optical
tlumination source 314 o generate an ophical fHlumination beam 816, The optical
ithunination beam 816 may melude one or more selected wavelengths of light meluding,

but not Hmited to, ultraviolet (UV) Beght, visible hight, or infrared (JR) light, The optical
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iHumination source #14 may inclhude any type of lhumination sowrce suitable for providing
an optical illomination beam 816, In one embodiment, the optical ilfamination source 814
is & lazer source. For example, the optical iflumination source 814 may include, but is not
hmited to, one or more narrowband laser sowrces, a broadband laser source. a
supercontinuum laser source, a white fight laser source, or the ke, In this regard, the
optical tlumination source 814 may provide an optical illunsination beam 816 having high
coherence {e.g., Mgh spatial coberence andfor temporal coherence).  In another
embodiment, the eptical illumination source 814 includes a laser-sustained plasma (L3P}
source. For example, the optical Hlamination source 8§14 may include, but is nol hmited
to, a LSP lamp, a L8P bulb, ora LSF chamber suitable for containing one or more elements
that, when exciied by a laser source Into 8 plasms siate, may enit broadband iHlomination,
In another embodiment, the optical iHlumination soarce 814 mcludes a lamp source. For
example, the optical Hlumination sonree 814 may include, but s not mited 1o, an are lamp,
a discharge lamp, an electrode-less larp, or the ke, In this regard, the optical iHomination
source 814 may provide an optical Humination beam 816 having tow coherence (e.g., low

spatial coherence and/or temporal coherence).

10077} In apother embodinent, the optical Hlumingtion source §14 direets the optical
ithamination beam €16 to the sample 804 via an llomunation pathway 8200 The
ilumination pathway 820 may include one or more llumination pathway lenses 822 or
additional optical components 824 saitable for modifying andfor conditioning the optical
tHumination beam 816, For example, the one or more optical components 824 may include,
but are not lmited to, one or more pelarizers, one or more Hilters, one or more beam
splitters, one or more diffusers, one or more homogenizers, one of mors apodizers, or one

lens 826 configured to direct the optical ilumination beam 816 to the sample 804,

{BO78] In another embodiment, the sample 804 15 disposed on a sample stage 828, The
sample stage 828 may include any device suitable for posibioning and/or scaming the
sample 804 within the ophical metrology sub-system R02. For example, the sample stage
828 may nchude any combination of linear translation stapges, rotational stages, tip/ilt

stages, or the like.
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{B079] 1n another embodiment, the optical metrology sub-system 802z includes a detector
830 configured to capture light emanating from the sample 804 through a collection
pathway 832, The collection pathway 832 may include, but is not limited 1o, one or more
collection pathway lenses 834 for collecting Hght from the sample 804, For example, a
detector 830 may receive light reflected or scattered (e.g., via specular reflection, diffuse
reflection, and the like) from the sample 804 via one or more collection pathway lenses
834, By way of another example, a detector 830 may receive tight generated by the sample
804 (e.g., luminescence asseciated with absorption of the optical ihunination beam K16 or
the hke). By way of another examaple, a detector 830 may receive one or more diffracted
orders of Hght from the sample 804 (e.., (-order diffraction, +1 order diffraction, +2 erder

diffraction, and the lke).

[0080] The detector 830 may include any type of detector known in the ant suttable for
measuring lomination received from the sample 804, For example, & detector 830 may
include, but is not imited to, a COD detector, a TDI detector, a photomultiplier tube (PMT),
an svalanche photodiode (APD), or the like. In another embodiment, g detector 830 may
include a spectroscopic detector suitable for identifving wavelengths of Hght emanating

from the sample SU4.

{0081} The collection pathway 832 may further include any number of optical elements o
direct andfor modify collected illumination from the sample 804 including, but not Himited
to one or more collection pathway lenses 834, one or more filiers, one or more polarizers,

or ane o more beam blocks.

{0882] In one embodiment, the detector 830 is positioned approximately normal to the
surface of the sample 804, in another embodiment, the optical metrology sub-systemn 802a
includes a beamsplitter 836 ortented such that the objective fons 826 may simaliancously
direct the optical lumination beam 816 10 the sample 804 and collect light emanating from
the sample 804, Further, the illumination pathway 820 gnd the collection pathway 8§32

may share one or more additional elements {e.g., objective lens 826, apertuves, filters, or

the like).

20



WO 2019/118039 PCT/US2018/052333

{8083} The optical metrology sub-system 802a may measure overlay based on any
techiique known in the art such as, but not limited to, imaged-based technigues or
scatteromelry-based fechmiques.  Por example, the oplical metrology sub-system 8024
operating in an imaging mode may tluminate a portion of the sample 804 and capture an
image of the iHuminated portion of the sample 804 on a detector 830, The captured image
may beany type of inrage known in the art suck as, but not limited to, a brightfield image,
a darkfield mage, 8 phase~conirast image, or the Hke. Further, caplured images may be
stitched together {e.g., by the optical metrology sub-system 8024, by the controller 808, or
the like) to form g composite image of the sample 804, By way of another example, the
optical metrology sub-systeny 8028 may scan & focused pptical ilumination beam &16
across the sample 804 and capture light sndfor particles emanating from the sample 804 on
one or more detectors 830 at one or more measurement angles to generate an inage pixel
by pixel.  Accondingly, overlay associated with two or more sample layers may be
determined based on the relative positions of fedtures located on the two or more sample

lavers.

{084} By way of another example, the optical metrology sub-systen 802a may operate as
a scatierometry-based metrology tool by determining overlay based on the pattern of light
seattered andror diffracted from the sample 804 in response to the optical illumination beam
816, For example, optical metrelogy sub-system 802a may capture {e.g., with the detector
830} one ur more pupd plae fmages (e, of different regions of an overlay larget)
mcluding the angular distribution of light emanating from the sample.  Accordingly,
overlay between two or more sample layers may be determined from the pupil plane images
based on modeled scattering andfor diffraction fron overlay target features having known

stzes and distributions for each layer.

{0685 Reforring now o FIG. 8C, in one embodinent, the wetrology system 800 includes
a particle-beam metrology sub-system 802b. The particle-beam melrology sub-system
S02b may include any type of metrology tool sutlable for resobving device features or
device-scale features such as, but not himited to an electron-heam metrology tool {e.g., 8
SEM, a CD-SEM, or the hike), or an ion-heam metrology tonl (o.g.. a focused-ion-heam

(FIB) metrology tool).

21



WO 2019/118039 PCT/US2018/052333

{B086] In one smbodiment, the particle-beam metrology sub-system 802b includes a
particle source 838 {e.g., an electron beam source, an ion beam source, or the hike) o
generate a particle bearn 840 {e.g., an electron beam, a particle beam, or the hke) The
particle source 838 may include any particle source known in the art suitable for generating
a pariicle beam 840, For example, the particle source 838 may include, but is not mited
to, an clectron gun or an ion gun.  In another embodiment, the particle source 838 is

conligured to provide a particle beam 840 with & tunable energy.

{8087} In another embodiment, the particle-heam metrology sub-system 802b includes one
or more particle focusing elements 8420 For example, the one or more particle focusing
clements 842 may include, bat are not imited w, a single particle focusing element or one
or more particle focusing elements forming & compound systen. In another embodiment,
the one or more particle focusing clements 842 mclude a particle objective lons 844

configored to divect the particle beam 840 {o the sample 804 located on a sample stage 846,

Further, the ane or morve particle source 838 may include any tvpe of electron lenses known
in the art including, but not limited o, clectrostatic, magnetic, uni-potential, or double-

potential lenses.

{BO88] In another ewbodiment, the particle-beam metrology sub-system 802b includes at
least one particle detector 848 to image or otherwise detert particles emanating from the
sample 804, 1n one embodiment, the particle detector 848 includes an electron collecior
{c.g., a secondary electron collectar, a backscattered clectron detector, or the Bke), In
another embodiment, the particle defector 848 includes a photon detector {e.g., &
photodetector, an x-ray deteetor, 3 scintillating element conpled to photomuldtiplier tube

{PMT) detector, or the like) for detecting elecirons andfor photons from the sample surface.

[0089] It is to be understood that the deseription of a particle-beam metrology sub-system
802b as depicted in FIG. 8C and the associated descriptions above are provided solely for
ilustrative purposes and should not be interpreted as limiting, For example, the particle-
beam melrology sub-system 802 may mclude s muli-beam and/or a multt-colunm system
suttable for simultancously intervogating a sample 804, In a further embodiment, the

particle-beam metrology sub-system S02h may include one or more comporents (e.g., one
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or more electrodes) configured to apply one or more voltages to one or more locations of
the sample 804, In this regard, the particle-beamn metrology sub-systom 802b may generate

volage contrast imaging data.

(G090} Aspects of the present invention are deseribed sbove with reference 1o fowchart
lustrations andfor porbion diagrams of mothods, apparatus (systems) and computer
program products according to embodiments of the invention, i will be understood that
cach portion of the flowchart Hlustrations and/or portion diagrams, and combinations of
portions in the Howchart lostrations andfor portion diagrams, can be implemented by
compuier program Instructions. These compuler program instructions may be provided {o
a processor of @ generabpurpose computer, special purpese computer, or other
progranunable data processing apparatus to produce a machine, such that the instroctions,

which execute via the precessor of the conypiter or other progranumable data processing
apparatus, create means for implementing the functions/acts speeified m the Bowchart
and/or portion diagram or portions thereof.

{0091} These compuier program instroctions may also be stored i a computer readable
mediwm that can direct a computer, other programmabile data processing apparatus, or other
devices to function in a particular manner, such that the instruactions stored in the computer
readable medium preduce an article of manufsctre including instructions which
implement the function/act speeified in the flowchart andfor portion diagram or portions
thereol,

j0092] The computer program instructions may also be loaded omto a computer, other
programmable data processing apparatus, or other devices to cause 2 senes of operational
steps to be performed on the computer, other prograromuble apparatus or other devices to

produce a computer implemented process such that the instractions which execute on the

computer or other progranymable apparatus provide processes for implementing the
fanchions/gets specified in the Howchart andfor portion diagram or portions thereoll

(0093} The aforementioned flowchart and  diagrams illustrate  the  architecture,
functionality, and operation of possible bmplementations of svstems, methods and
computer program products according to vartous embodiments of the present invention. In
this regard, rach portion in the fowchart or portion disgrams may represent 2 module,

segment, or porbon of code, which comprises one or more executable nstroctions for
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implementing the specified logical function(s). It should alse be noted that, in some
alternative implementations, the functions noted i the portion may ocour out of the orde
noted in the fgures. For example, two portions shown in succession may, in thel, be
execnted substamtially concurrently, or the portions may sometimes be executed in the
reverse order, depending upon the functionality tnvolved. It wall also be noted that each
portion of the portion diagrams and/or flowchart illustration, and combinations of portions
in the portion diagrams andfor Howchart iHlustration, can be fmplemented by special
purpose hardware-based systems that perform the specified functions or acts, or
combinattons of speeial purpose hardware and compuler instructions.

{3094} 1n the above deseription, an embodiment is an example or inplementation of the
ivention. The various appearances of "one embodiment™, "an embodiment”, "certain
embodiments” or "some embodiments” do not necessanily all refer to the same
embodiments. Although various featnres of the invention may be deseribed in the context
of a single embodiment, the features may also be provided separately or in any suitable
combination. Conversely, although the invention may be described herein in the context of
separate embodiments for clarity, the invention may also be implemented n a single
embodiment. Certain embodiments of the invention may include features from different
embodiments disclosed above, and cortain embodiments may mcorporate clements from
other embodiments disclosed above. The disclosure of elements of the invention in the
context of g specific embodiment is not © be taken as limiting their use . the speeific
embodiment alone, Furthermore, # s to be vnderstood that the invention can be carried ot
or practiced in varions ways and that the invention can be implemented in ceram
embodiments other than the ones outlined in the description above.

{B89S] The invention is not limited to those diagrams o to the corresponding descriptions.
For example, flow need not move through each iHustrated box or state; or i exactly the
same order as Hlusirated and deseribed. Meanings of technical and scientific terms used
herein are to be commonly understood as by one of ordinary skill in the art to which the
invention helongs, unlesy otherwise defined. While the invention has been deseribed with
respect to a imited number of embodiments, these should not be construed as mitations
on the scope of the mvention, but rather as exemplifications of some of the preferred

embodiments. Other pessible variations, modifications, and applications are also within the
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scope of the Invention. Accordingly, the scope of the invention should not be limited by

what has thus far been described, but by the appended claims and their legal equivalents,
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CLAIMS

What is claimed is:

10.

A metrology measurement method comprising measuring a metrology target, wherein
the metrology target comprises at least two periodic structures in at least one
measurement direction, the metrology target further comprising a third periodic
structure orthogonal to the respective measurement direction.

The metrology measurement method of claim 1, further comprising reducing noise in
a signal derived by the measuring by identifying and removing a signal component
related to the third periodic structure.

The metrology measurement method of claim 1, further comprising deriving multiple
slices from a signal derived by the measuring, the slices corresponding to properties of
the third periodic structure.

The metrology measurement method of claim 3, further comprising averaging the
multiple slices to yield a metrology signal.

The metrology measurement method of claim 3, further comprising selecting an
optimal slice signal by comparing the multiple slices with respect to at least one
accuracy parameter.

The metrology measurement method of claim 5, further comprising reiterating the
selection for at least one of consecutive targets, wafers, or batches.

The metrology measurement method of claim 5, further comprising improving a
metrology robustness by tracking a spatial behavior thereof and the optimal slice.

The metrology measurement method of claim 1, further comprising calibrating
measurement coordinates using the third periodic structure by comparing camera and
beam axes.

The metrology measurement method of claim 1, further comprising deriving at least
one of focus information or harmonic components of a signal measured from the third
periodic structure.

The metrology measurement method of claim 1, further comprising applying one or
more machine learning algorithms to analyze a signal measured from the third periodic

structure and deriving information from data associated with the orthogonal direction.
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11.

12.

13.

14.

15.

16.

17.

The metrology measurement method of claim 1, wherein the metrology target
comprises at least one of an imaging metrology target or a scatterometry metrology
target.

The metrology measurement method of claim 11, wherein the imaging target has at
least two pairs of periodic structures, at least one pair thereof along each of two
measurement directions.

The metrology measurement method of claim 1, wherein the metrology target
comprises a pupil plane scatterometry metrology target, wherein the measuring the
metrology target comprises measuring the metrology target in a plurality of locations
within the metrology target and extracting a metrology metric with enhanced accuracy
from the plurality of measurements.

The metrology measurement method of claim 1, wherein the third periodic structure
comprises at least one of a uniform critical dimension, a monotonic changing critical
dimension, a periodically monotonic changing critical dimension, or two or more
periodic sub-structures.

The metrology measurement method of claim 1, wherein the method is carried out at

least partially by at least one computer processor.

A system comprising:
a controller, the controller including one or more processors and memory, the memory
storing program instructions configured to cause the one or more processors to:
receive one or more measurements of a metrology target, wherein the metrology
target comprises at least two periodic structures in at least one measurement direction,
the metrology target further comprising a third periodic structure orthogonal to the
respective measurement direction; and
determine or more metrology metrics based on the received one or more
measurements.
The system of claim 16, wherein the one or more processors are further configured to
reduce noise in a signal derived from the one or more measurements by identifying and

removing a signal component related to the third periodic structure.
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18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

The system of claim 16, wherein the one or more processors are further configured to
derive a plurality of slices from a signal derived from the one or more measurements,
the slices corresponding to properties of the third periodic structure.

The system of claim 18, wherein the one or more processors are further configured to
average the plurality of slices to yield a metrology signal.

The system of claim 16, wherein the one or more processors are further configured to
calibrate one or more measurement coordinates using the third periodic structure by
comparing camera and beam axes.

The system of claim 16, wherein the one or more processors are further configured to
derive at least one of focus information or harmonic components of a signal measured
from the third periodic structure.

The system of claim 16, wherein the one or more processors are further configured to
apply one or more machine learning algorithms to analyze a signal measured from the
third periodic structure and deriving information from data associated with the
orthogonal direction.

The system of claim 16, wherein the metrology target comprises at least one of an
imaging metrology target or a scatterometry metrology target.

The system of claim 23, wherein the imaging target has at least two pairs of periodic
structures, at least one pair thereof along each of two measurement directions.

The system of claim 16, wherein the metrology target comprises a pupil plane
scatterometry metrology target, wherein the one or more measurements are acquired in
a plurality of locations within the metrology target, wherein the one or more processors
are further configured to extract a metrology metric with enhanced accuracy from the
plurality of measurements.

The system of claim 16, wherein the third periodic structure comprises at least one of
a uniform critical dimension, a monotonic changing critical dimension, a periodically

monotonic changing critical dimension, or two or more periodic sub-structures.

A metrology target comprising at least two periodic structures in at least one
measurement direction, the metrology target further comprising a third periodic

structure orthogonal to the respective measurement direction.
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28.

29.

30.

31.

32.

The metrology target of claim 27, wherein the metrology target is configured as at least
one of an imaging target or a scatterometry target.

The metrology target of claim 28, wherein the metrology target is configured as an
imaging target having at least two pairs of periodic structures, at least one pair thereof
along each of two measurement directions.

The metrology target claim 27, wherein the third periodic structure comprises at least
one of a uniform critical dimension, a monotonic changing critical dimension, a

periodically monotonic changing critical dimension, or two or more periodic sub-

structures.

The metrology target of claim 27, wherein the third periodic structure is process
compatible.

The metrology target of claim 31, wherein the process compatibility comprises at least

one of segmentation of elements of the third periodic structure, uniform critical
dimension of segments of elements of the third periodic structure, or an application of

a cut mask with uniform or variable critical dimension.
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210

MEASURING A METROLOGY TARGET THAT COMPRISES
PERIODIC STRUCTURES IN A MEASUREMENT DIRECTION -
AT AN ORTHOGONAL DIRECTION THERETO

215

MEASURING THE PERIODIC STRUCTURE(S) WITH
RESPECT TO A THIRD PERIODIC STRUCTURE THAT 15
DESIGNED ORTHOGONALLY THERE TO

220,

ADDING THE THIRD PERIODIC STRUCTURE TO
CORRESPONDING IMAGING AND/OR SCATTEROMETRY
TARGET DESIGNS

223,

DESIGNING THE ADDITIONAL ORTHOGONAL PERIODIC
STRUCTURE(S) TO BE PROCESS COMPATIBLE

230,

REDUCING NOISE IN THE MEASUREMENT SIGNAL BY
IDENTIFYING AND REMOVING SIGNAL COMPONENT(S)
RELATED TO THE THIRD PERIODIC STRUCTURE

235,

REDUCING NOISE BY AVERAGING THE MEASUREMENT
OVER SLICESDEFINED BY THE THIRD
PERIODIC STRUCTURE
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200

240 DERIVING MULTIPLE SIGNAL SLICE(S) WHICH
"™ CORRESPOND TO THEPROPERTIES (E.G., PERIODICITY)
OF THE ORTHOGONAL PERIODIC STRUCTURE

247 e AVERAGING THE MULTIPLE SLICES TO YIELD A
METROLOGY SIGNAL

DERIVING OPTIMAL MEASUREMENT SLICE(S) WITH
RESPECT TO MEASUREMENT (S}, TARGET(S)
AND/OR WAFER(S)

247~} IMPROVING METROLOGY ROBUSTNESS BY TRACKING THE
SPATIAL BEHAVIOR AND THE OPTIMAL SLICE

245,

250 CALIBRATING MEASUREMENT COORDINATES USING THE
THIRD PERIODIC STRUCTURE BY COMPARING
CAMERA AND BEAM AXES

DERIVING FOCUS INFORMATION AND/OR HARMONIC
COMPONENTS OF THE SIGNAL MEASURED FROM THE
THIRD PERIODIC STRUCTURE

252 o,

25 4 APPLYING MACHINE LEARNING ALGORITHMS TO ANALYZE
THE S5IGNAL AND DERIVE INFORMATION FROM DATA
ASSOCIATED WITH THE ORTHOGONAL DIRECTION

FIG.7 (continued)
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