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MITIGATION OF INACCURACIES RELATED TO GRATING ASYMMETRIES
IN SCATTEROMETRY MEASUREMENTS

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Patent Application No.
62/457,787 filed on February 10, 2017, which is incorporated herein by reference in its

entirety.

BACKGROUND OF THE INVENTION
1. TECHNICAL FIELD
[0002] The present invention relates to the field of metrology, and more particularly, to

scatterometry overlay targets and measurement methods therefor.

2. DISCUSSION OF RELATED ART

[0003] Current diffraction-based overlay (DBO) marks, or targets, are composed of cells
having two gratings, one grating in each layer, which are to be aligned. The diffracted
signals from these cells are used to compute the displacement (the overlay) between the
two layers. Measured asymmetries in the aforementioned cells are used to estimate the

displacement of one grating with respect to the other.

SUMMARY OF THE INVENTION

[0004] 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 introduction to the following description.

[0005] One aspect of the present invention provides SCOL (scatterometry overlay) targets
comprising, along at least one measurement direction: two cells having periodic structures
with a specified coarse pitch at least at two wafer layers, wherein the two cells have
opposite offsets of a top periodic structure with respect to a bottom periodic structure in
the respective layers, and two cells having, each, a periodic structure with the specified
coarse pitch at a different one of the two layers and a sub-resolved periodic structure at the

other one of the two layers.
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[0006] These, additional, and/or other aspects and/or advantages of the present invention
are set forth in the detailed description which follows; possibly inferable from the detailed

description; and/or learnable by practice of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] For a better understanding of embodiments of the invention and to show how the
same may be carried into effect, reference will now be made, purely by way of example,
to the accompanying drawings in which like numerals designate corresponding elements
or sections throughout.
[0008] In the accompanying drawings:
[0009] Figure 1 is a high-level schematic illustration of a scatterometry target with grating
asymmetries, presenting sections of two cells of the target, according to some embodiments
of the invention.
[0010] Figure 2A is a high-level schematic illustration of metrology targets, their
derivation from prior art targets, and measurement configurations, according to some
embodiments of the invention.
[0011] Figure 2B is a high-level schematic illustration of an additional pair of cells in the
metrology targets, according to some embodiments of the invention.
[0012] Figure 3 is a high-level schematic illustration of metrology targets, according to
some embodiments of the invention.
[0013] Figure 4 is a high-level schematic illustration of a metrology measurement setting,
according to some embodiments of the invention.
[0014] Figure 5 is a high-level flowchart illustrating a method, according to some

embodiments of the invention.

DETAILED DESCRIPTION OF THE INVENTION
[0015] In the following description, various aspects of the present invention are described.
For purposes of explanation, specific configurations and details are set forth in order to
provide a thorough understanding of the present invention. However, it will also be
apparent to one skilled in the art that the present invention may be practiced without the

specific details presented herein. Furthermore, well known features may have been omitted
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or simplified in order not to obscure the present invention. With specific reference to the
drawings, it is stressed that the particulars shown are by way of example and for purposes
of illustrative discussion of the present invention only, and are presented in the cause of
providing what is believed to be the most useful and readily understood description of the
principles and conceptual aspects of the invention. In this regard, no attempt is made to
show structural details of the invention in more detail than is necessary for a fundamental
understanding of the invention, the description taken with the drawings making apparent
to those skilled in the art how the several forms of the invention may be embodied in
practice.

[0016] Before at least one embodiment of the invention is explained in detail, it is to be
understood that the invention is not limited in its application to the details of construction
and the arrangement of the components set forth in the following description or illustrated
in the drawings. The invention is applicable to other embodiments that may be practiced
or carried out in various ways as well as to combinations of the disclosed embodiments.
Also, it is to be understood that the phraseology and terminology employed herein are for
the purpose of description and should not be regarded as limiting.

[0017] Unless specifically stated otherwise, as apparent from the following discussions, it
is appreciated that throughout the specification discussions utilizing terms such as
"processing", "computing"”, "calculating", "determining", “enhancing”, "deriving" or the
like, refer to the action and/or processes of a computer or computing system, or similar
electronic computing device, that manipulates and/or transforms data represented as
physical, such as electronic, quantities within the computing system's registers and/or
memories into other data similarly represented as physical quantities within the computing
system's memories, registers or other such information storage, transmission or display
devices.

[0018] Embodiments of the present invention provide efficient and economical methods
and mechanism for mitigating the effects of grating asymmetries in DBO (diffraction based
overlay) measurements and thereby provide improvements to the technological field of
overlay scatterometry metrology. Improved overlay target designs and measurement
techniques are provided, which to mitigate the effect of target grating asymmetries. Grating

asymmetries arise due to the nature of the manufacturing process, and are unaccounted for
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by current methods which assume that the asymmetries originate strictly from the
displacement between the layers (overlay plus intended offsets), and consequentially, any
additional asymmetry in the grating is wrongly interpreted in the prior art as an additional
displacement, leading to an inaccurate measurement of the overlay. The inventors have
found out ways to characterize and prevent overlay estimation inaccuracies which are due
to grating asymmetries.

[0019] Scatterometry overlay targets as well as target design and measurement methods
are provided, which mitigate the effects of grating asymmetries in diffraction based overlay
measurements. Targets comprise additional cells with sub-resolved structures replacing
resolved coarse pitch gratings and/or comprise alternating sub-resolved structures with
coarse pitch periodicity - to isolate and remove inaccuracies that result from grating
asymmetries. Measurement methods utilize orthogonally polarized illumination to isolate
the grating asymmetry effects in different measurement directions, with respect to the
designed target structures.

[0020] Figure 1 is a high-level schematic illustration of scatterometry target 80 with
grating asymmetries, presenting sections of two cells 80A, 80B of target 80, according to
some embodiments of the invention.

[0021] Ilustrated grating-over-grating system 80 comprises periodic structures 86A, 87A,
86B, 87B in at least two layers 81, 82 of corresponding target cells 80A, 80B. Periodic
structures in each cell are displaced by A = offset + overlay relative to each other, the
displacement comprising intended offsets which are opposite between cells 80A, 80B
(indicated in Figure 1 as £fy) and the overlays which are to be measured by the metrology
measurements (not shown explicitly in Figure 1). Gratings 86A, 86B and 87A, 87B in
layers 81 and 82, respectively, are separate by a height indicated as h. In the presence of
grating asymmetries in the top and/or the bottom gratings, the diffraction coefficients of
the +1 and -1 orders of the measured metrology signals are not equal. Denoting the
diffraction coefficients of the +1 and -1 orders of the top grating as r, and r_, respectively,
and those of the bottom grating r/ and . Because of grating asymmetries, the diffraction

coefficients may differ in both amplitude and phase, and are therefore expressed in the

form 741 = (p £ 8p)ei®5¥) for the top grating and 'y, = (p’ £ 8p")e!¥'E¥) for the
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bottom grating. Equations 1 present the intensity of the +1 and -1 diffraction order signals
in the presence of a grating asymmetry, neglecting multiple scattering effects. The
expression ¢, (x, y) provides the leading order for the phase accrued by the mt*order due

to the optical path difference between the two gratings.

2nA

11 (x,y) = |Eo|?
s1(xy) = [Eol xcos(i,b—l,b'+5¢—5¢'—¢o(x'}’)—¢+1(x'J’)+T

(p+8p)* + (p' +8p")* +2(p + 8p)(p’ + 8p") X ‘

(p=38p)* +(p' = 8p")? + 2(p — 8p)(p' — 8p") %

2mA
X cos (= ' = 8 + 09’ = §o(,3) = p1a(3) — )

Iy (=x,=y) = |E|

2mh | (+m/1>2 ,
dm(x,y) = - |" x+—5) -y

Equations 1
[0022] Equation 2 expresses the differential signal D (x, y) = [,,(x,y) — I_1(—x,—y), with
the phase defined as ®(x,y) =Y —¢Y' — ¢po(x,v) — P11 (%, y).
D(x,y) = 4|Eol? |pSp + p'Sp’
2nA
—2(pp’ + 6pSp’) sin d(x, y) sin (T + 8y — 51/)’)
2
+2(pdp’ + p'8p) cos d(x, y) cos (T + 6y — 51/)’)]
Equation 2
[0023] Equation 3 provides an approximation for the differential signal of Equation 2

under the following assumptions: (i) The contribution of the phase perturbations oy — Sy’

to the overlay accuracy budget is negligible as it is much smaller than the contribution of

the amplitude perturbation described by do and Jp’, as the phase perturbations are within

the geometrical ambiguity range which corresponds to the uncertainty in definition of
center of symmetry for slightly asymmetric target; (ii)) The measurement conditions

(wavelength, polarization as an example) may be chosen to make the phase ®(x,y) close

to #/2+mm, with integer n — to minimize the term 2(pdp’ +

p'8p) cos ®(x,y) cos (? + &Y — 61/1’) , depending on cos ®(x,y), to negligible size
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and approximating sin ®(x, y) as 1; and (iii) Approximating the differential signal to the

leading order (neglecting the terms in the order of magnitude of O(pdp’) ).
2 ro r , . 27A .
D(x,y)=4|E, | [ oo+ p'dp"-2pp sm(T)] Equation 3

[0024] Equation 3 demonstrates that the differential signal deviates from the ideal signal
assumed by prior art overlay measurement algorithms, and introduces an additional

inaccuracy into the overlay estimations. The inventors point out that in Equation 3, the

term 2pp’ sin (Z%A) provides a basis for the overlay measurement through the estimation of

A, while the terms pdp + p'Sp'provide an estimation for the overlay measurement
inaccuracy due, e.g., to grating asymmetries. In the following, the inventors present ways
to take into account the grating asymmetries which remain unaccounted for in the prior art.
[0025] Figure 2A is a high-level schematic illustration of metrology targets 100, their
derivation from prior art targets 90, and measurement configurations, according to some
embodiments of the invention. The following solutions handle the inaccuracies introduced
e.g., by grating asymmetries, which were derived above and presented in Equation 3. Prior
art targets 90 are represented schematically as having two cells in each measurements
direction, cells 91 in measurement direction X and cells 92 in measurement direction Y,
with each pair of cells designed according to the principles described in Figure 1 for cells
80A, 80B having periodic structures with opposite designed offsets between the layers in
each cell.

[0026] In certain embodiments, disclosed targets 100 comprise cell pairs 101, 102 in
respective X and Y measurement directions designed as in prior art targets 90 — and
additional two pairs 111 and 112, with cells 111A, 111B and 112A, 112B in each
measurement direction X and Y respectively (the addition is indicated by arrow 210, see
Figure 5 below).

[0027] Figure 2B is a high-level schematic illustration of additional pair 111 of cells in
metrology targets 100, according to some embodiments of the invention. In each pair 111
of cells, in one cell (e.g., 111A in the X direction) the top grating is replaced by an
appropriately designed sub-resolved grating 116A; and in the other cell (e.g., 111B in the
X direction), the bottom structure is replaced by a different appropriately designed sub-
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resolved structure 117B. Measurements of these two cells allow the correction of
inaccuracies due to asymmetries in the grating in the following way. To the leading order
the signal returning from a grating-over-grating is given by the single-scattering model, i.e.
by the interference of the light diffracted from top grating with the light diffracted from the
bottom grating. It can be shown that the differential signal of cell 111A with only bottom
grating 117A is D(x,y) = 4|Ey|?p'6p’ and that the differential signal of cell 111B with
only top grating 116B is D(x,y) = 4|E,|?pSp. Therefore, the additional cells provide an
estimation of the inaccuracies resulting from grating asymmetry independently from the
measurements of cells 101 of target 100. Subtracting the inaccuracy estimations from cells
111 from the non-ideal differential signal derived from cells 101 therefore removes the first

and second terms pdp + p'Sp’of Equation 3, which deviate from the signal in the absence
of asymmetries. The third term 2pp’sin (Z%A) can then be minimized by picking a

wavelength far from a resonance, leaving a signal close to the ideal one assumed by the
algorithm. Similar cells 112 (112A, 112B, corresponding to 111A, 111B, in the Y
measurement direction) and measurements may be applied to the Y measurement direction
as well, with respect to measurements of cells 102.

[0028] As illustrated schematically in Figure 2B, sub-resolved gratings 116A, 117B in
cells 111A, 111B, respectively, comprise periodic structure(s) with sub-resolved pitches,
e.g., pitch below 300nm, 200nm or below 100nm (as non-limiting example for typical
device pitches). Sub-resolved gratings 116A, 117B may be configured to maintain the
optical properties of the stack in cells 111 and 112 identical, similar, or with a controlled
difference with respect to cells 101, 102 having periodic structures with coarse, resolved
pitches (e.g., above 500nm) both layers 81, 82. Sub-resolved structures 116A, 117B may
be configured to replace gratings 86A, 87B (see Figure 1) with respect to the optical
properties of the stack. For example, using illumination radiation which is polarized
parallel to the target lines (the elements of periodic structures 117A, 116B), sub-resolved
periodic structures 116A, 117B may be configured to have the same filling factor as the

original target periodic elements 86A, 87B — to provide the same effective permittivity for

cells 111, 112 as for cells 101, 102, namely &,, =¢,-n7+¢, -(1—-7n), with & denoting the

grating material permittivity, &, denoting the surrounding material permittivity and 7
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denoting the filling factor. In the case of electric field directed perpendicular to the grating

: : : . £ -&
lines, the effective medium approximation is ¢, = L2 so that the

7 g -(I-n)+e,n

corresponding filling factor (7, ) for grating(s) 116A, 117B replacing the original target
gratings 86A, 87B, respectively, should satisfy the condition:

&8 &

=& -n+&-(I-m=n=n :
g -(I-n)H+e,-n ! g ! g n+te,-(1-n)

which, however, cannot be satisfied for any wavelength.

[0029] Accordingly, targets 111, 112 with periodic structures in the X and Y directions,
respectively, may be measured with orthogonal polarizations 121, 122, respectively of
illumination radiation 120, as indicated schematically in Figure 2A. Measurements may
be carried out using two independent channels corresponding to orthogonal polarizations
(the corresponding illumination spots are shown schematically by circles 121, 122).
[0030] In certain embodiments, targets 100 may be configured, e.g., with respect to the
spatial arrangement of cells 101, 102, 111, 112, to have groups of cells, denoted e.g., by
90A, 110A, 110B, which correspond to the spatial arrangement of cells 91, 92 in prior art
targets 90. In such configurations, group (target part) 90A may correspond in its spatial
organization to prior art targets 90, as may groups (target parts) 110A, 110B. Moreover, in
certain embodiments, such target configurations may be configured to allow and to be
measured utilizing simultaneous measurement of two cells using two illumination spots
120 with corresponding polarizations, for example, measuring additional single grating X
cell with Y polarization (e.g., cell 111A with illumination spot 122) and grating on grating
Y cell with X polarization (e.g., cell 102 with illumination spot 121). In certain
embodiments, targets 100 may be configured to have recurring groups (target parts) 110A,
110B, having similar spatial arrangement of cells 111, 102 and 101, 112, respectively, so
that analogous target parts 110A, 110B may be measured sequentially by shifting the
illumination field from one to the other (illustrated schematically by an arrow denoted
illumination shift 123) — so that the resulting 8-cell target 100 (including additional cells
111, 112) can be measured (using two illumination spots 121, 122) during the same time

as prior art target 90 is measured using one measurement spot. simplifying the
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measurement procedures and minimizing the operational changes with respect to
measuring prior art targets 90.

[0031] To summarize, in certain embodiments, SCOL target 100 may comprise, along at
least one measurement direction, two cells 101 (and/or 102) having periodic structures
86A, 86B and 87A, 87B with a specified coarse pitch at least at two wafer layers 81, 82,
respectively. Cells 101 (and/or 102) may have opposite offsets £fy of top periodic
structure(s) 86A, 86B with respect to bottom periodic structure(s) 87A, 87B in the
respective layers (as illustrated schematically e.g., in Figure 1), and two cells 111 (and/or
112) having, each, periodic structure(s) 116B, 117A with the specified coarse pitch at a
different one of the two layers 81, 82 and sub-resolved periodic structure(s) 116A, 117B at
the other one of the two layers, 82, 81, respectively (as illustrated schematically e.g., in
Figure 2B). Four cells 101, 111 (and/or 102, 112) may be designed along each of two, X
and Y, measurement directions, duplicating the scheme described above to both directions
X (with four cells 101, 111) and Y (with four cells 102, 112), as illustrated schematically,
e.g., in Figure 2A. In certain embodiments, eight cells (two in each of cells 101, 102, 111,
112) may be arranged in two groups 110A, 110B of four cells each — two X direction cells
and two Y direction cells (e.g., 111, 102 in one group, 101, 112 in another group,
respectively — see Figure 2A) - having a same spatial arrangement with respect to the
measurement directions. Target design files 99 of any of disclosed targets 100 are likewise
part of the present disclosure.

[0032] Advantageously, addition of cells 111, 112 with sub-resolved periodic structures
allows to compensate for the inaccuracies due to grating asymmetries and improves the
accuracy with respect to standard DBO techniques. The use of sub-resolved structures
116A, 117B instead of gratings 86A, 87B in the two additional cells makes sure that the
film stack properties are unmodified leading to a better cancellation of the terms that
deviate from the ideal signal and hence leading to better overlay accuracy.

[0033] Figure 3 is a high-level schematic illustration of metrology targets 100, according
to some embodiments of the invention. Targets 100 comprise at least two layers 81, 82,
cach with periodic structures along alternating measurement directions X, Y — periodic
structures 131A, 132A along measurement directions X, Y, respectively in layer 81 and

periodic structures 131B, 132B along measurement directions X, Y, respectively in layer
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82 — with each periodic structure segmented at an unresolved pitch (e.g., pitch below
300nm, 200nm or below 100nm - as non-limiting example for typical device pitches) and
with the periodic structures alternating at a coarse pitch (e.g., between 600 -1000 nm). The
coarse pitch is configured to be well resolved by the metrology tool, while the sub-resolved
segmentation pitch is uniform through target 100 (in both directions X and Y) and is below
the resolution threshold of the metrology tool.

[0034] Targets 100 may be designed to provide the same amplitudes of the first diffraction
orders, while providing the phases of the first diffraction orders at a half pitch shift 124 of
7 between illumination radiation at two orthogonal polarization directions 121, 122 (shift

124 by pitch/2 is equivalent to a phase shift of m). Accordingly, the change of polarization
changes the sign of the term 2pp’ sin (27;%) in Equation 3 (copied below for convenience)

for the differential signal D(x, y) (with respect to the first and second terms pdp + p'Sp’of
Equation 3), whereas the scattering on target asymmetries is only slightly dependent on
the changes of polarization (since the most asymmetry is formed not within the segmented
parts of target 100 because the sub-resolved segmentation can be designed with minimal
design rule pitch and the asymmetric disturbance is an incompact object characterized by

a large coarse pitch).
2 ' ’ , . 27Z'A .
Dx,y)=4|E,| [ pdo +p'op"-2pp SIH(T)] Equation 3

[0035] Consequentially, targets 100 designed (in both layers 81, 82) according to the
principles illustrated in Figure 3 and measured accordingly, to yield half the sum of the
overlay values calculated for the two orthogonal polarizations is free of target asymmetry
effects.

[0036] To summarize, in certain embodiments, SCOL target 100 may comprise at least at
two wafer layers 81, 82, periodic structures 131A, 131B, 132A, 132B having a sub-
resolved pitch, which alternate in a corresponding measurement direction to yield a coarse
pitch, as illustrated schematically in Figure 3. Target design files 99 of any of disclosed
targets 100 are likewise part of the present disclosure.

[0037] Advantageously, targets 100 may be configured and measured to eliminate target

asymmetry effects, and embodiments of targets 100 which are designed according to the

10
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principles illustrated in Figure 3 require smaller target areas than targets 100 designed
according to the principles illustrated in Figure 2A.

[0038] Figure 4 is a high-level schematic illustration of a metrology measurement setting,
according to some embodiments of the invention. A metrology tool 70 typically has an
illumination arm 120A delivering illumination radiation 120 onto metrology target 100
(which is produced using target design file(s) 99) and a measurement arm 125 measuring
the resulting signal, in case of SCOL targets 100 — the diffractions orders (typically orders
0, -1 and +1, in the pupil plane) of the radiation scattered off target 100. A metrology
module 140 receives the measured signals and processes them to derive metrology
metric(s) such as the overlay between target layers 81, 82, as disclosed herein.

[0039] Figure 5 is a high-level flowchart illustrating a method 200, according to some
embodiments of the invention. The method stages may be carried out with respect to targets
100 described above, which may optionally be configured to allow implementation of
method 200. Method 200 may be at least partially implemented, in its designing and/or
measuring aspects, by at least one computer processor, €.g., in metrology module 140.
Certain embodiments comprise computer program products comprising a computer
readable storage medium having computer readable program embodied therewith and
configured to carry out the relevant stages of method 200. Certain embodiments comprise
target design files of respective targets designed by embodiments of method 200 and/or
measurement results of method 200. Method 200 may comprise the following stages,
irrespective of their order.

[0040] Method 100 may comprise cancelling grating asymmetry effects by target design
and measurement configuration (stage 205), as disclosed herein.

[0041] In certain embodiments, method 200 may comprise adding, to a SCOL target
design, cells with periodic structures at one layer and sub-resolved features in other layer(s)
(stage 210), as illustrated schematically in Figure 2A. In certain embodiments, method 200
may comprise adding, to a SCOL target comprising, along at least one measurement
direction, two cells having periodic structures with a specified coarse pitch at least at two
wafer layers, wherein the two cells have opposite offsets of a top periodic structure with
respect to a bottom periodic structure in the respective layers - two cells having, each, a

periodic structure with the specified coarse pitch at a different one of the two layers and a

11
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sub-resolved periodic structure the other one of the two layers. The SCOL target may have
the two cells along each of two, X and Y, measurement directions, and adding 210 may be
carried out accordingly for the cells of each of the measurement directions.

[0042] In certain embodiments, method 200 may comprise grouping target cells to have
similar spatial relations and measuring the groups by shifting the illumination spot (stage
220), as illustrated schematically in Figure 2A. In certain embodiments, method 200 may
comprise arranging the eight cells in two groups of four cells each — two X direction cells
and two Y direction cells, the groups having a same spatial arrangement with respect to the
measurement directions.

[0043] Method 200 may further comprise measuring the augmented SCOL targets (e.g.,
the SCOL targets with added cells as disclosed above) and/or cells thereof in different
directions with orthogonal illumination polarization (stage 250), ¢.g., measuring the cells
along the two, X and Y, measurement directions with orthogonally polarized illumination
radiation 120. The measuring may be carried out simultaneously for pairs of periodic
structures with pairs of orthogonally polarized illumination spots.

[0044] The coarse pitches may be at least 500nm or 600nm and the sub-resolved periodic
structure may have sub-resolved pitches smaller than 300nm, 200nm or smaller than
100nm.

[0045] In certain embodiments, method 200 may comprise configuring targets to have
periodic structures in measurement directions which alternate at half the coarse pitch (stage
240) and measuring the augmented targets in different directions with orthogonal
illumination polarization (stage 250). For example, method 200 may comprise measuring,
with orthogonally polarized illumination radiation along two measurement directions, a
target comprising, at least at two wafer layers, periodic structures having a sub-resolved
pitch which alternate in the corresponding measurement direction to yield a coarse pitch.
The measuring may be carried out simultaneously for pairs of periodic structures with pairs
of orthogonally polarized illumination spots.

[0046] Aspects of the present invention are described above with reference to flowchart
illustrations and/or portion diagrams of methods, apparatus (systems) and computer
program products according to embodiments of the invention. It will be understood that

each portion of the flowchart illustrations and/or portion diagrams, and combinations of

12
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portions in the flowchart illustrations and/or portion diagrams, can be implemented by
computer program instructions. These computer program instructions may be provided to
a processor of a general-purpose computer, special purpose computer, or other
programmable data processing apparatus to produce a machine, such that the instructions,
which execute via the processor of the computer or other programmable data processing
apparatus, create means for implementing the functions/acts specified in the flowchart
and/or portion diagram or portions thereof.

[0047] These computer program instructions may also be stored in a computer readable
medium that can direct a computer, other programmable data processing apparatus, or other
devices to function in a particular manner, such that the instructions stored in the computer
readable medium produce an article of manufacture including instructions which
implement the function/act specified in the flowchart and/or portion diagram or portions
thereof.

[0048] The computer program instructions may also be loaded onto a computer, other
programmable data processing apparatus, or other devices to cause a series of operational
steps to be performed on the computer, other programmable apparatus or other devices to
produce a computer implemented process such that the instructions which execute on the
computer or other programmable apparatus provide processes for implementing the
functions/acts specified in the flowchart and/or portion diagram or portions thereof.
[0049] The aforementioned flowchart and diagrams illustrate the architecture,
functionality, and operation of possible implementations of systems, methods and
computer program products according to various embodiments of the present invention. In
this regard, each portion in the flowchart or portion diagrams may represent a module,
segment, or portion of code, which comprises one or more executable instructions for
implementing the specified logical function(s). It should also be noted that, in some
alternative implementations, the functions noted in the portion may occur out of the order
noted in the figures. For example, two portions shown in succession may, in fact, be
executed substantially concurrently, or the portions may sometimes be executed in the
reverse order, depending upon the functionality involved. It will also be noted that each
portion of the portion diagrams and/or flowchart illustration, and combinations of portions

in the portion diagrams and/or flowchart illustration, can be implemented by special
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purpose hardware-based systems that perform the specified functions or acts, or
combinations of special purpose hardware and computer instructions.

[0050] In the above description, an embodiment is an example or implementation of the
invention. The various appearances of "one embodiment”, "an embodiment”, "certain
embodiments" or "some embodiments" do not necessarily all refer to the same
embodiments. Although various features of the invention may be described 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 in a single
embodiment. Certain embodiments of the invention may include features from different
embodiments disclosed above, and certain embodiments may incorporate elements from
other embodiments disclosed above. The disclosure of elements of the invention in the
context of a specific embodiment is not to be taken as limiting their use in the specific
embodiment alone. Furthermore, it is to be understood that the invention can be carried out
or practiced in various ways and that the invention can be implemented in certain
embodiments other than the ones outlined in the description above.

[0051] The invention is not limited to those diagrams or to the corresponding descriptions.
For example, flow need not move through each illustrated box or state, or in exactly the
same order as illustrated and described. 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 belongs, unless otherwise defined. While the invention has been described with
respect to a limited number of embodiments, these should not be construed as limitations
on the scope of the invention, but rather as exemplifications of some of the preferred
embodiments. Other possible variations, modifications, and applications are also within the
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.

14



WO 2018/147938 PCT/US2017/066853

CLAIMS

What is claimed is;

1.

10.
11.

A SCOL (scatterometry overlay) target comprising, along at least one measurement
direction:

two cells having periodic structures with a specified coarse pitch at least at two
wafer layers, wherein the two cells have opposite offsets of a top periodic structure
with respect to a bottom periodic structure in the respective layers, and

two cells having, each, a periodic structure with the specified coarse pitch at a
different one of the two layers and a sub-resolved periodic structure at the other one of
the two layers.
The SCOL target of claim 1, having the four cells along each of two, X and Y,
measurement directions.
The SCOL target of claim 2, wherein the eight cells are arranged in two groups of four
cells each — two X direction cells and two Y direction cells — having a same spatial
arrangement with respect to the measurement directions.
The SCOL target of any one of claims 1-3, wherein the specified coarse pitch is at least
500nm and the sub-resolved periodic structure has a sub-resolved pitch smaller than
300nm.
The SCOL target of claim 4, wherein the sub-resolved pitch is smaller than 100nm.
A target design file of targets designed according to any one of claims 1-5.
A SCOL target comprising, at least at two wafer layers, periodic structures having a
sub-resolved pitch, which alternate in a corresponding measurement direction to yield
a coarse pitch.
The SCOL target of claim 7, wherein the coarse pitch is at least 600nm and the sub-
resolved pitch is smaller than 200nm.
The SCOL target of claim 8, wherein the sub-resolved pitch is smaller than 100nm.
A target design file of targets designed according to any one of claims 7-9.
A method comprising adding, to a SCOL target comprising, along at least one
measurement direction, two cells having periodic structures with a specified coarse
pitch at least at two wafer layers, wherein the two cells have opposite offsets of a top

periodic structure with respect to a bottom periodic structure in the respective layers -
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12

13.

14.

15.

16.

17.
18.

19.

20.

21.

two cells having, each, a periodic structure with the specified coarse pitch at a different
one of the two layers and a sub-resolved periodic structure the other one of the two

layers.

. The method of claim 11, wherein the SCOL target has the two cells along each of two,

X and Y, measurement directions, and the adding is carried out accordingly.

The method of claim 12, further comprising arranging the eight cells in two groups of
four cells each — two X direction cells and two Y direction cells, the groups having a
same spatial arrangement with respect to the measurement directions.

The method of claim 12 or 13, further comprising measuring the cells along the two
measurement directions with orthogonally polarized illumination radiation.

The method of claim 14, wherein the measuring is carried out simultaneously for pairs
of cells with pairs of orthogonally polarized illumination spots.

The method of any one of claims 11-15, wherein the specified coarse pitch is at least
500nm and the sub-resolved periodic structure has a sub-resolved pitch smaller than
300nm.

The method of claim 16, wherein the sub-resolved pitch is smaller than 100nm.

A method comprising measuring, with orthogonally polarized illumination radiation
along two measurement directions, a target comprising, at least at two wafer layers,
periodic structures having a sub-resolved pitch which alternate in the corresponding
measurement direction to yield a coarse pitch.

The method of claim 18, wherein the measuring is carried out simultaneously for pairs
of periodic structures with pairs of orthogonally polarized illumination spots.

The method of claim 18 or 19, wherein the coarse pitch is at least 600nm and the sub-
resolved pitch is smaller than 200nm.

The method of claim 20, wherein the sub-resolved pitch is smaller than 100nm.
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6/6

CANCELING GRATING ASYMMETRY EFFECTS BY
205—"1 TARGET DESIGN AND MEASUREMENT CONFIGURATION

ADDING, TO A SCOL TARGET DESIGN, CELLS
210—" WITH PERIODIC STRUCTURES AT ONE LAYER
AND SUB—RESOLVED FEATURES IN OTHER LAYER(S)

GROUPING TARGET CELLS TO HAVE SIMILAR
220— SPATIAL RELATIONS AND MEASURING THE
GROUPS BY SHIFTING THE [LLUMINATION SPOT

CONFIGURING TARGETS TO HAVE PERIODIC
240 — STRUCTURES IN MEASUREMENT DIRECTIONS
WHICH ALTERNATE AT HALF THE COARSE PITCH

MEASURING THE AUGMENTED TARGETS IN
250— DIFFERENT DIRECTIONS WITH ORTHOGONAL
ILLUMINATION POLARIZATION

Figure 5
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